
DOCUMENT RESUMe

ED 203 163 CB 029 321

AUTHOR Gallant, Thomas E.: Haw10, John P.
TITLE Electrician's Mate 3 S 2, fate Training Manual and

.Nonresident Career Coursq.
INSTITUTION , Naval Education, and Traihifig Command, Washington,

D.C.
REPORT NO NAVEDTPA-10546-E
PUB DATE 81
NOTE , 614p.; Photographs and spite charts will not reproduce

well. For a related docuteet see ED 110 703.

EDRS PRICE MF03/PC2S Plus Postage.
DESCRIPTORS Behavioral Objectives; Cptfeepondence study:

Electrical Occupations; vtlectrica1 Systems:
*Electric Circuitsi *Elfttficians: *Electricity:
Electric Motors; *EquipmtAt Maintenance: Independent
Study; Instructional Mattttittls: Learning Activities;
Lighting; Postsecondary tileCAtion: Repair; Textbooks:
*Trade and Industrial"Edetison

,IDENTIFIERS Navy

ABSTRACT
This Pate Training Manual. Textbook) and Nonresident

Career Course form a correspondence, selt^etudY package to provide
'information related to tasks assigned to kom Electrician's Mate Third
and Second Class. Focus is on operating Oa iintaining power and
lighting systems- and associated equipment. Toe 16 chapters in the
text are (11 The Electrician,* Mate, (21 tarot, Precautions, (3) Test
Equipment, (41 Electrical Installations, t) A-C Power Distribution
Systems, (61 D-C Power Distribution Syst00, (7) Aotor Controllers.,
(91 Maintenance and Repair of Motors and Generators. (91 Shipboard
Lighting, (101 Degaussing, (111 Elctctrica). IlroPulsion and Controls,
(121 Central Operatiots System, (131 Bas& Electronic components and
Circuits, (14) Logic Systems, (15)..ElectO.Ca). Auxiliaries, and (161
Sound Motion Picture Systems. Appendixes 0,,Volede a glossary:
information on workbenches, ground reguiNsimota, and safety matting;
ard a chart of electronic symbols. The NOAreoident careir Course
follows the index. It contains 11 assignaftto that are .organized in
this format: textbook assignment and lea0itg objective with related
sets of teaching items to be answered. LeArhing objectives and items
are based on subject %atter or study material in the textbook.
(YLB)

*********** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *# * * *** * * * * * * * * * * * * * * * * * * * * * * *E.4 °

Reproductions Supplied by EDRS are toe beet that can be made
from the original dec4meet. *

*****************************************#0w400************************



1

U.S. DEPARTMENT OF NEALT14.
EDUCATION &WELFARE
NATIONAL INSTITUTECIF

EDUCATION

THIS DOCUMENT HAS SEEN REPRO.DUCED EXACTi.Y AS RECEIVED FROM.
THE PERSON OR ORGANIZATION ORIGIN- -
*TING IT POINTS OF VIEW OR OPINIONS
STATED DO NOT NECESSARILY REPRE-
SENT OFFICIAL NATIONAL INSTITUTE Of.
EDUCATION POSITION OR POLICY

ELECTRICIAN'S MATT 3 & 2

NAVAL EDUCATION AND TRAINING COMMAND

RATE TRAINING MANUAL AND NONRESIDENT CAREER COURSE

NAVEDTRA 10546-E



Although the words "he," "his," "him"
appear in this manual for economy in

communication, they are not intended to
indicate jig nor to affront nor to
discriminate against anyohe reading Electrician's
Mate 3 & 2, NAVEDTRA 10546-E.

OP

3



/i,Zratning

ELECTRICIAN'S MATE
3 &2

NAVEDTRA 10546-E

1981 Edition Prepared by
EMCM Thomas E. Gallant and EMC John F. Hawley

4



'
PREFACE

The primary purpose of training is to produce a combat Navy which can
maintain control of the sea and guarantee victory. Victory at sea depends
upon the state of readiness of shipboard personnel to perform tasks assigned
to them in accoi dance with the needs of the ship. This Rate Training Manual
provides information related to the tasks assigned to the Electrician's Mate
Third and Second Class who operate and maintain the power and lighting
systems and associated equipment. It is only when shipboard personnel can
and do perform their tasks efficiently that each ship will be operating at a
high state of readiness essential to guarantee victory at sea. As an EM3 or
EM2, you will be expected to know the information in this manual and to
perform your assigned tasks. The degree of success of the Navy will depend
in part on your ability and the manner in which you perform your duties.

This manual was prepared by the Naval Education and Training Program
Development Center, Pensacola, Florida, for the Chief of Naval Education
and Training.

Revised 1981

Stock Ordering No.
0502 -LP-052 -7320

Published by
NAVAL EDUCATION AND TRAINING PROGRAM

DEVELOPMENT CENTER

4,4, UNITED STATES
GOVERNMENT PRINTING OFFICE

WASHINGTON, D.C.: 1981



THE UNITED STATES NAVY

GUARDIAN OF OUR COUNTRY
The United States Navy is resp1nsible for maintaining control of the
sea and is a ready force on watch at home and overseas, capable of
strong action to preserve the peace or of instant offensive action to
win in war.

It is upon the maintenance of this control that our country's glorious
future depends; the United States Navy exists to make it so.

WE SERVE WITH HONOR

Tradition, valor, and victory are the Navy's heritage from the past. To
these may be added dedication, discipline, and , vigilance as the
watchwords of the present and the future. P.
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At home or on distant stations we serve with pride, confident in the
respeot of our country, our shipmates, ap,d our families.

Our responsibilities sober us; our adveisities strengthen us.

Service to God and Country is our special privilege. We serve with
honor. j

THE FUTURE OF THE NAVY

The Navy will always employ new weapons, new techniques, and
greater power to protect and defend the United States on the sea,

, uncles the sea, and in the air.

Now and in the future, control of the sea gives the United States her
greatest advantage for the maintenance of peace and for victory in
war.

Mobility, surprise, dispersil, and offensive power are the keynotes of
the new Navy.. The roots of the Navy lie in a strong belief in the
future, in continued dedication to our tasks, and in reflection on our
heritage from the past.

Never have our opportunities and our responsibilities been greater.

)
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CHAPTER 1

THE ELECTRICIAN'S MATE

This rate training manual is intended to help
you develop your technical skills. The
knowledge and skill of personnel like you make
our modern Navy possible. By learning the
information in this manual and gaining practical
experience on the job, you will prepare yourself
for a successful and rewarding Navy career. The
Navy has developed a training system to help
you learn the duties of the next higher grade in
your rating. When you can demonstrate by your
performance on the job, by your mastery of the
required skills, and by written examination that
you are well qualified to perform these duties,
when an opening exists, you will be advanced to
the next higher grade. Even as you are working
toward advancement, the extra effort and study
that you devote toward learning your rating will
reward you in self-satisfaction and the capability
to work on more complex equipment.

As an Electrician's Mate you will be working
with motors, generators, power and lighting
distribution systems and a- wide variety of test
equipment. All of these systems were designed
using theories developed many years before their
value was realized. Among the notables were
Germ an-bprn -physicist George Ohm and
Alessandro Volta, an Italian physicist. A. M.
Ampere, a French physicist, was noted for his
theories in the field of electrical energy. James
Watt, also a physicist and inventor from
Scotland, was an important contributor to a
fundamental theory we use every day in the
field of electricity.

With the expansion of the Navy and the
establishment of a two-ocean Navy in July 1940,
many more senior petty officers were needed.
Electrician's Mate "A" schocls were established
in colleges all over the country, and a class "B"
school was established at Camp Perry, Virginia.
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This school was moved to Great Lakes, Illinois,
in 1944.

Your training for the Electrician's Mate rates
will include electronics and electrical theory,
fundamentals of operation of motors and
generators, alarms, sensors and a wide variety of
other electrical equipment. You must become
proficient in the use of handtools and electrical
measuring equipment in order to troubleshoot
electrical systems. You must also be able to read
and analyze blueprinti and schematic diagrams
to understand the performance of an electrical
circuit. The Electrician's Mate rating is a general
rating and is not divided into service ratings. (An
example of a rating divided into service ratings is
the ET: its service ratings are the ETN and the
ETR. The ETN specializes in communications
equipment; the ETR specializes in radar.)'

The qualifications of the Electrician's Mate
are oriented toward shipboard duties; EMs are
found on almost all. naval vessels. Ashore, they
may work in their rating in a repair facility or as
an instructor, but are just as likely to be working
outside their rating in a duty, such as shore
patrol or recruiting.

Tne requirements for advancement outlined
by the Manual of Navy Enlisted Manpower and
Personnel Classifications and Occupational
Standards, NAVPERS 18068-D, with changes,
are designed to ensure that: the Electrician's
Mate assigned to any ship in the fleet will have
the general qualifications to. perform all assigned
duties. Since some ships, particularly the more
modern ones, have specialty equipment, such as
minesweepers with the acoustic and special
degaussing systems, an EM mutt have special
training. A Navy Enlisted Classification (NEC)
coding system helps identify the personnel who
have this special training.
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NAVY ENLISTED
CLASSIFICATION CODES

Though your .rate shows what you are
qualified to do, it does not by itself show any of
your special qualifications or.skills, giither within
or, outside your rate. NECs are used to show
significant quIlifications not shown by the rate
designation. The NEC coding system identifies
special qualifications through a four-digit
number. Not everyone in the Navy has a special
code number, but some individuals have more
than one, depending on their qualifications. The
qualification considered to be the most
important is identified by the first code number;
the one considered to be of secondary
itiwortance by the second code number. These
code numbers can be obtained by completing
special training or class "C" schools.

QUALIFICATIONS
FOR ADVANCEMENT

As an Electrician's Mate you will perform
° both military and professional duties. The

military requirements and Professional
qualifications for all ratings of the Navy are
listed in NAVPERS 18068-D which is
periodically revised to reflect organizational and
procedural changes in the Navy that affect the
ratings and to incorporate additional skills and
techniques required by the development and
installation of new equipment.

The military duties for Electrician's Mates
are the same as those For other petty officers.
This rate training manual primarily concerns the
professional duties of an Electrician's Mate and
does not attempt any detailed consideration of
the military duties. The military requirements
are discussed in Military Requirements for. Petty
Officer 3 & 2.

The professional or technical duties
performed by an Electrician's Mate include a
variety of tasks which require many specialized
skills and techniques necessary to perform
properly the occupational duties of the-rate. The
professional qualifications for the EM rating
have been used as a guide in preparing this rate
training manual and will be used in constructing
the servicewide competitive examinations. In

preparing to take these examinations, you
'should consult the latest revisibt of NA.CTERS-
18068-D for changes distributed aftet the ,

publication of this rate training.manual.

SOURCES OF INFORMATION

No ,single publication can give you ail, the
information you need to perform the dutiesof.
your rating. You should learn where to look for
accurate, authoritative, up-to-date information
on .all subjects related to the military
requirements for advancement and the
professional qualifications of your rating.
Information related to requisitioning materials,
required maintenance forms, leadership and
supervision should be obtained from Military
Requirements for Petty Officer 3 & 2.

Some of the publications desoPfbed here are
subject to cnange or revision from time to
timesome at regular intervals, others as the
need arises. When using any publication that is
subject to change or revision, be sure that ydu
have the latest edition. When using any
publication that is kept current by means of
changes, be sure you have a copy in which all
official changes have been made. Studying
canceled or obsolete information will not help
you to do your work or to advance; it is likely
to be a waste of time, and may ever, be seriously
misleading.

You must bear in mind, however, that you
cannot depend on

the
printed word alone; you

must supplement the inforrnatio;1 you obtain
from books with actual practice, and with the
knowledge acquired from observing experienced
Personnel at work.

NAVAL EDUCATION p
TRAINING PUBLICATIONS

Since 15 January 1972, the Naval Training
Support Command and its field activities have
been directly under the command of the Chief
of Naval Education and Training instead of the
Chief of Naval Personnel. 'Training materials
published by the Naval Education and Training
Command are designated NAVEDTRA in lieu of.
NAVT.RA and NAVPERS; in most cases, the

1-2 1 0
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numbers remain as originally assigned. The
designitors of publicatiOns 'printed before the
above date will chaNaged astac-VpubliCation is
revised. ' . ,

The naval training-- publications described'
herein include some that are absolutely essentiar.,
for meeting your job requirements and sortie,
thiat."-\are extremely helpful, although not.:
essential.

.

'BIBLOGRAPilY FOR ADVANCEMENT .

STUDY, NAVEDTRA 10052
(cumnt series)

Rate training manuals are ised from time
to time to bring them up to date. The revision of

1 a rate training manual is identified by a letter
-^tollovving the NAVEDTRA numbtr. You can

tell whether a rate training manual is the latest
edition by checking the NAVEDTRA number
and the letter following the number in the most

edition-of the List of Training Manuals
and Qrrespotzdencd- Courses, NAVEDTRA
1006 f (revised), and TIPS, NAVEDTRA 38016,
a quarterly"' :bulletin published by
NAVEDTRAPRODEVGEitthat amplifies the
information in NAVEDTRA 10061.

This publication provides a working list of
material for enlisted personneIwho are studying
for their advancement examinations. It is revised
and issued annually Gy the Naval Education and
Training Command. Each revised edition is
identified by a letter following the NAVEDTRA
number. When using the bibliography, be sure
you have the most recent edition:.

The working list contains required and
recommended rate training manuals and other
references. A rate training manual marked with
an asterisk (*) in NAVEDTRA 10052 is
MANDATORY at the indicated rate level.
Remember, however, that you are responsible
for all references at lower levels, as well as those
listed for the rate to which you are seeking
advancement. A mandatory rate training
manual may be completed by (1) passing the
appropriate nonresident career course, based on
the manual, (2) passing locally prepared tests
based on the mandatory training manual, or
(3) in some cases, successfully completing an
appropriate Navy school.

All references, whether mandatory or
recommended, listed in NAVEDTRA 10052
may be used as source material for the written
advanbement examinations, at the appropriate
levels.

RATE TRAINING MANUALS

These manuals help enlisted personnel fulfill
the job requirements they must acquire for
advancement. Sortie manuals share general
information and are intended fox' more than one
rating; others, such as this one, are specific to
the particular rating.

DEPARTMENT OF THIS NAVY
INFORMATION PROGRAM REGULATION

ThA,regulatton, OPNA3ANST 5510.1 4 is
the bake 'directive for administering' the
Infkmation Security Program throughout the
Departthent of the Navy. It ensures' the
protection of official Department of the Navy
information relating to national security. It also
provides the necessary instructions aid policy
guidance for the Department of the Na'y. The
ship SORUM also contains basic information of
ship's security'practices.

TECHNICAL MANUALS

Although . muclf of your work will be
routine, you will always face new problems, and
have to look up information to solve them. The
log room of your ship will contain a
comprehensive technical library. The books in
this library are primarily designed for the
engineer officer to use, but you will have
occasion to use them. Manufacturers' technical
manuals for most of the equipment in the ship
will be found in the log room library. They are ,

valuable sources of information on operation,
maintenance, and repair.

The "encyclopedia" 'of Navy engineering,
Naval Ships' Technical Manual, contains the
latest accepted engineering practices; these
NAVSEA manuals are, in most cases, the final
authority. Chapter 300, Electric Plant General,
is widelymsed by Electrician's Mates.
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PERIODICALS

Deckplate is a periodical published by the
Naval Sea Systems Command with useful articles
on all aspects of shipboard engineering. It
supplements and clarifies inforillation contained
in the NAVSHIPS' Technical Manual and also
presents information on new developments.

Fathom (surface ship and submarine safety
review), published quarterly by the NavalSafety
Center, provides. accurate and current
information on nautical accident prevention. .

The Electronics Information Bulletin (EIB)
is published biweekly by the Naval Ship
5pgineering Center. EIB articles contain advance
information on field changes installation
techniques, maintdrAnce notes,\
suggestions, and technical manual distribtrtion.
Articles of lasting interest 'are transcribed into
the Electronics Installation and Maintenance
Book (EIMB). The EIMB is a- single-source
reference document of maintenance and repair
policies, installation practices, and overall
electronics equipment and material handling
procedures for implementing the major policies
set forth in chapter 400 of NAVSHIPS'
Technical Manual.

PURPOSES, BENEFITS, AND
LIMITATIONS OF THE

PLANNED MAINTENANCE SYSTEM

The following material contains a brief
discussion on the purposes, benefits, and
limitations of the Planned Maintenance System.

PURPOSES ,,

The Planned Maintenance System (PMS) was
established for several purposes:

1. To redUce complex maintenance to
simplified procedures that are easily identified
and managed at all levels.

2. To define the minimum planned
maintenance required to schedule and control
PMS performance.

1
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3. To describe the methods and tools to be
used.

4. To provide foi the detection and
prevention of impending casualties.

5. To forecast and plan manpower and
material re9uirements.

6. To plan and schedule maintenance tasks.

7. To estimate and evaluate material
readiness.

8. Td detect areas that require additional or
improved personnel training and/or improved
maintenance techniques or attention.

9. To provide increased readiness of the
ship.

BENEFITS

PMS is a tool of command. By using PMS,
the commanding officer can readily 'determine
whether the ship is being properly maintained.
Reliability is intensified. Preventive maintenance
reduces the need for major corrective
maintenance, increases economy, and saves the
cost of repairs.

PMS assures better records, containing more
data .that can be useful to the shipboard
maintenance manager. The flexibility if the
system allows for prograMming ^f lnc-fitzble
changes in ,employment schedi:. s. LNAreby
helping to better plan preventive mz!z?ter, ante.

Better leadership and nianagemela can be
realized by reducing frustrating breakdowns and
irregular hours of work. PMS offers a 1011ns of
improving morale and thus enhances the
effectiveness of both enlisted personnel and
officers.

LIMITATIONS OF PINS

The Planned Maintenance System is not
self - starting; it will not automatically prodtice
good results. Considerable professional guidance
is required. Continuous direction at each
echelon must be maintained, and one individual
must be assigned both the authority and the

19
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responsibility at each level of the system's
operation.

Training in the maintenance steps as well as
in the system will be necessary. No system is a
substitute for the actual technical ability
required of the officers and enlisted personnel
who direct and perform the upkeep of ithe
equipment.

HOW TO STUDY

The general methods of study are the same
for everyone, but the real art entails discovery of
the methods that are best for you. It Is always
best to study a particular piece of equipment
while working on it. With a piece of equipment
available, study the technical manual and relate
the physical location and size of the component
with it. When on the job, learn by doing

When studying theory or fundamentals, of
operation, always Kt up some plan of study.
Study is a habit. It is best done under conditions
and surroundings that do not distract. Learn in
an orderly fashion so that the acquired bits of
knowledge will serve as stepping stores in the
process of leaning. Read and study the material
at hand with as much concentration as possible.
Remember that electricity cannot be learned in
a hurry. A consistent application of effort,
however, brings a person to the desired goal
sooner than is normally realized.

Appendix I contains a glossary of terms
peculiar to the EM rating. Use it whenever you
are not sure of the meaning of a word.

Appendix II contains information on the
work bench.

Appendix III contains electronic symbols.

BiSIC RULES FOR STUDYING

The followin of study will help if you
find it difficulg n and retain what you
have read. 'is'

Chooser a comfortable, quiet, and
welllighted location. Read with a pencil and

some paper handy to record main points as you
proceed.

Decide on a portion of a chapter and the
number of pages to be read.

Read quickly to get the main point of the
subject material.

Reread carefully; then put the study
material aside.

List the main points, then check them with
the manual open.

Reread the material more slowly. Try to
remember the' details and connections of each.
part.

;SE%
Write, a detailed' summary, using the manual

only if necessary.

STUDYING THIS
RATE TRAINING MANUAL

Before proceeding' further in this rate
training manual, you should know its scope and .
purpose. Go over the table of contents and note
the arrangement of topics. Subject matter can be
organized and presented in many different ways;
You will find it helpful to get an overall view of
this manual's organization before starting to
study. Here are some points of interest
concerning this manual:

You must satisfactorily complete it
before you can advance to EM3 or EM2,
whether you are in the Regular Navy or in the
Navy Reserve.

It is designed to provide information on
the occupational qualifications for advancement
to EM3 and-EM2.

The occupational standards that were
used as a guide in the preparation of this manual
were promulgated in change 8 of NAVPERS

806 8-D, Chariges in Electrician's Mate
itandards occurring after this edition of
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NAVPERS 18068-D became effective may not
be reflected in the topics of this training manual.

It includes subject matter that is related
to Personnel Advancement Requirements (PAR)
for the occupational standards for advancement
to EM3 and EM2. No rate training manual,
however, can take the place of on-the-job
experience for developing skill in practical

1.6

factors. When possible, this manual should be
used in conjunction with (PAR) NAVPERS
1414/4.

It is NOT designed to provide
information on the military require ents for
petty officers. This information, as previously
stated is covered in Military Requirements for
Petty Officer 3 & 2.
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CHAPTER

SAFETY PRECAUTIONS

Accidents are preventable. It is your job to
recognize unsafe conditions and see that they
are corrected. Observance of safety precautions
will help keep your equipment operating, help
your career in the Navy, and possibly determine
whether you survive.

Think safety. No person is safer than the
most careless act performed. You will find that
safety is stressed throughout this rate training
manual. For a more complete reference to
electrical safety see Ara4 VSHIPS' Technical
Manual, Chapters 300 and 400; OPNAVINST
3120.32 (SORM) and OPNAVINST 5100.19,
Safety Precautions for Forces Afloat.

ELECTRICAL HAZARDS AND
PRECAUTIONS

It is important that you recognize a
hazardous condition and take immediate steps
to correct it. Safety posters (fig. 2.1 and 2-2)
help warn of dangers in working areas or remind
personnel to be safety conscious. Warning signs
(red) and caution signs (yellow) should be
located where hazardous conditions exist. Be
aware of areas that are wet or oily or have
stumbling hazards. Wear rubber gloves and
protective clothing wherever working.conditions
warrant it. Make it a habit to look for and to
correct defective tools and equipment, improper
grounding, and rotating machinery hazards.

HANDTOOLS

Normally, you should have no problems
when working with handtools. In all likelihood,
however, you have seen some dangerous
practices In the use of handtools that should

hiaiG been avoided. One unsafe practice involves
the use of tools with plastic or wooden handles
thaf are cracked, chipped, splintered, broken, or
other vise unserviceable. This practice is sure to
result in accidents and personal injuries, such as
cute. bruises, and foreign objects being thrown
in ttke eyes. If these unserviceable handtools are
not repairable, they should be discarded and
replaced,

When necessary (in an emergency only) to
imlyttay.ise an insulated handtool, use the
foliPviinr; approved method which will protect
the Wier against the effects of electric shock:
Fi4t, apply several layers of approved rubber
insulating tape on the metallic handle. Next,
appfli a layer or two of friction tape over the
insulating tape. Friction tape when used alone
doeg not provide adequate protection from
electrical shock. It should be used only for
grinPitI,8 purposes and to protect the insulating
tape. For other instructions on the safe use of
handtools, consult Tools and Their Uses,
NAVngS 1008S -B.

PORTABLE ELECTRIC POWER
TOOLS

Portable ,dower tools should be clean,
proeefil, plied, and in good repair. Before they
are Wed, inspect them to see that they are
proeeflY grounded. The newer, double insulated.
plastic framed tools do NOT have ground wires
anti hove only a 2-prong plug.

/1' a t001 is equipped with a 3-prong plug, It
shoOld be plugged into a 3-hole electrical
receptabte.

Nett remove the third prong. Make
abspIttiely sure the tool is equipped with a
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properly grounded conductor. If the tool has a
metal case, be sure to ground it according to
Chapter 300 of NAVSHIPS' Technical Manual.
Observe safety precautions and wear rubber
gloves whenever plugging into any 110-volt
circuits, when operating any portable electric
equipment under particularly hazardous
conditions, in enviroi-rents such as wet decks,
tan areas, or when working over the side in
rafts or small boats.

Prior to issuance of any portable electrical
equipment, the attached cable with plug
(including extension cords, when used) should
be examined visually to assure it is in
satisfactory condition. (1eiss, chafing, exposed
insulated conductors, and damaged plugs are
causes for cable or plug replacement.) Any
portable electrical equipment with its associated
extension cords connected, should be tested
prior to issue with an approved tool tester or
plugged into a dummy (or deenergized)
receptacle and tested for resistance rom
equipment housing to sifip's structure with an
ohmmeter (the resistance must be less than 1
ohm). Move or work cable-with a bending or
twisting motion. A change in resistance will
indicate broken strands in the grounding
conductor. If this is found, the cable must be
replaced. It is further suggested that, at the
discretion of the Commanding Officer, a list be
established of portable equipment requiring
testing more or less often than once a month.
depending on conditions in the ship. Where PMS
is installed, tests should be conducted in
accordance with the Maintenance Requirement
Cards.

Other safe practices in the use of portable
electric power tools include the following:

Inspect the tool cord add plug before
using the tool. Do not use the tool if its cord is
frayed or its plug is 'damaged or broken. Do not
use spliced cables except in an emergency that
warrarts the risk involved.

Before using the tool, lay all portable
cables so you and others cannot trip over them.
The, length of extension cords used with
portable tools should not exceed 25 ft.
Extension cords of 100 ft are authorized, on
flight and hangar decks. Extension fiords of

100 ft are also found in damage control lockers,
but are labeled for Emergency Use Only.

Do not use jury-rigged extension cords
that have metal "handy boxes" for receptacle
ends of the curd. All extension cords must have
nonconductive plugs and receptacle housings.

Connect. th ; tool cord into the ixtension
cord (when required) before inser ing the
extension cord into a live receptacle.

After using the tool, first unplug the
extension cord (if any) from the live receptacle
before unplugging the tool cord from the
extension cord. Do not unplug the cords by
yanking on them.

Stow the tool in its assigned place after
you are through using it.

GROUNDING OF SHOCK-MOUNTED
EQUIPMENT

Nor.nally, on steel hull vessels, grounds are
inherently provided because the metal cases or
frames of the equipment are in contact with one
another and with the metal structure of the
vessel. In some instances where such inherent
groiending is not provided by the mounting
arrangements, such as eqdipment supported on
shock mounts, suitable ground connections must
be provided.

CAUTION

Before disconnecting a ground strap
on equipment supported by shock
mounts, be sure the equipment is
DEENERGIZED and RED tagged (as
discussed later in this chapter).

If the gounding strap is broken and
the equipment cannot be deenergized,
check by using a voltmeter from the
equipment to ground to ensure that no
voltage is present.
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Maintenance of ground conductors and
connectors consists primarily of corrective and
preventive maintenance. In general, you must
ensure that all bonding surfaces (connection
paints or metallic junctions) are securely
fastened and free of paint, grease, or other
foreign matter that could interfere with the
positive metal-to-metal contact at the ground
connection point. As a matter or practice,
always do the following:

Periodically clean all strap-and-clamp
type connectors to ensure that all direct
metal-to-metal contacts are free from foreign
matter.

Check all mounting hardware for
mechanical derangement or loose connection.

Replace any faulty, rusted, or otherwise
unfit grounding straps, clamps, connections, or
components between the equipment and the
ground to the ship's hull.

When replacing a grounding strap, clean
the metallic contact surfaces and establish
electrical continuity between the equipment and
the ship's hull. Check continuity with an
ohmmeter.

Recheck to be sure that the connection
is securely fastened with the correct mounting
hardware, and paint the ground strap and
hardware in accordance with currently accepted
procedures.

If a voltage is present, wear electrical
grade gloves while replacing the grounding strap.

SAFETY SHORTING PROBE

Before starting to work, on deenergized
circuits that have large capacitors, maintenance
personnel 'must discharge them with a safety
shorting probe.

When using the safety shorting probe, always
be sure first to connect the test clip to a good
ground (If necessary, icrape the paint off of the
grounding metal to make a good contact). Then
hold the safety shorting probe by the handle and
touch the, probe end of the shorting rod to the

points to be shorted out. The probe end can be
hooked over the part or terminal to provide a
constant connection by the weight of the handle
alone. Always be careful not to touch any of the
metal parts of the safety shorting probe while
touching the probe to the exposed "hot"
terminals. It pays to be safe; use the safety
shorting probe with care.

STEEL WOOL AND EMERY
CLOTH/PAPER

Steel wool, emery cloth, or emery paper is
harmful to the i.ormal operation of electric and
electronic equipment. The NAVSHIPS'
Technical Manual and other technical
publications warn against the use of steel wool
and emery cloth on or near this equipment
because of their harmful effects. Scattered as
they are by ventilation currents and attracted by
the magnetic devices in this equipment, particles
of steel wool and emery may cause short
circuits, grounds, and excessive equipment wear.
Therefore, emery cloth and steel wool are
NEVER to be used for cleaning contacts. Clean
the contacts with silver polish, sandpaper, or
burnishing tools. After cleaning, use a vacuum to
remove dust.

ELECTRIC SOLDERING IRONS

In using and handling an electric soldering
iron, you can avoid getting burned or shocked
by adopting the following practices:

Grasp and hold the iron by its handle.
Always assume a soldering iron is hot, whether
plugged in or not. Never use an iron that has a
frayed cord or damaged plug.

Hold °small soldering workpieces with
pliers or suitable clamps. Never hold the work in
your hand.

In resting a heated iron, lay it on a metal
surface ur its own resting stand. Besides
preventing burns, this practice will help prevent
fire and equipment damage.
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Clean the iron by wiping it across a
canvas cloth placed on a suitable surface. Do not
holdjhe cleaning cloth in your hand.

Avoid using too much solder. Use a
canvas to wipe away excess solder. Swinging the
solder iron to remove excess hot solder, could
cause a fire in combustible materials or burn the
skin and eyes.

Before soldeting electronic equipment,
disconnect it from the power supply. Do not
risk coming in contact with RF circuits or high
voltages.

After soldering, disconnect the iron from
its power supply; let the iron cool off before
returning it to its designated storage place.

AEROSOL DISPENSERS

By deviating or ignoring procedures
prescribed for selecting, applying, storing, or
disposing of aerosol dispensers, personnel have
been poisoned or burned or have suffered other
physical injury. It is difficult to compile a list of
specific precautions and safe practices for
handling aerosol dispensers due to the variety of
industrial sprays that are available in this kind of
container. However, users of aerosol dispensers
can guard against ()ironing, fire, explosion,
pressure, and other hazards ly reading and
complying with the instructions printed on each
dispenser. By following basic rules, you can
prevent the injury or hazards indicated:

PoisoningAuequately ventilate closed spaces
where poisonous (toxic) substances are
sprayed. Use exhaust fans or portable
blowers to supply these spaces with fresh
outside air. Where ventilation is inadequate,
either do not spray at all or provide an air
respirator or self-contained breathing
apparatus.

BurnsAvoid spraying your hands, arms, face,
or other exposed parts of the body. Some
liquid sprays are strong enough to burn the
skin; milder sprays may cause rashes.

FireKeep aerosol dispensers away from direct
sunlight, heaters, and other sources of heat.
Do not store any dispenser in an area where
the temperature can exceed the liinit printed
on the .container. Do not spray volatile
substances on warm or energized equipment.

Explosion Do not puncture an aerosol
dispenser. Discard used dispensers in
approved waste receptacles which will not be
emptied into an incinerator.

CLEANING SOLVENTS

Do not use alcohol for- cleaning electrical
equipment, and never use it on energized
equipment or near equipment where a spark is
possible.

Cleaning electrical and electronic equipment
with water-based and nonvolatile solvents is an
approved practice. These solvents do not
vaporize readily. When it is not feasible to clean
with a water-based solvent, use inhibited methyl
chloroform (1,1,1 trichlopy..thane). Methyl
chloroform is a safe, effective cleaner IF used in
an adequately ventilated area, IF hot inhaled
directly, IF not applied to warm or hot
equipment, and IF fire precautions are taken.
Do not wear a gas mask when cleaning with
methyl chloroform; its vapors displace oxygen in
the air.

NEVER USE CARBON TETRACHLORIDE
as a cleaning agent. It is a highly toxic
(poisonous) compound. Its threshold is 20 times
lower than that of methyl chloroform; that is,
more dangerous. (Threshold is the point above
which the concentration of vapor in the air
becomes dangerous.)

Do not clean with VOLATILE substances,
such as gasoline, benzine, alcohol, or ether.
Besides being fire hazards, they readily give off
vapors that injure the human respiratory system
if they are inhaled directly for too long a time.

When using cleaning solvents in a
compartment, make it a practice to blow air into
the compartment, using a blower or canvas wind
chute. Open all usable portholes; place wind
scoops in them. Also, keep a ready-to-use fire
extinguisher close by. Never work alone in a
compartment.

2-6 20 :*
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You should avoid coming in contact with
cleaning solvents. Wear gloves and goggles,
especially when equipment is being sprayed. In
spraying, it helps to hold the nozzle close to the
equipment. Do not spray cleaning solvents on
electrical windings or insulation.

RADIOACTIVE ELECFRON )TUBES

Electron tubes containing radioactive
material are now commonly used. These tubes
are known as TR, ATR, PRE-TR, spark-gap,
voltage-regulator, gas-switching, and
cold-cathode gas-rectifier tubes. Some of these
tubes contain radioactive material and have
intensity levels which are dangerous; they are so
marked in accordance with Military
Specifications. The majogidty of these tubes
contain radioactive coblit (Co-60), radium
(Ra-226), or carbon (C-114); several contain
nickel (Ni-63); and a relative few contain
cesium-barium (CsB a-137).

As long as the electron tube containing
radioactive material remains intact and is not
broken, no great hazard exists. However, if the
tube is broken and the radioactive material is
exposed or escapes from the confines of the
electron tube, the radioactive material becomes
a potential hazard. The concentration of
radioactivity in a normal collection of electron
tubes at a maintenance shop does not approach
a dangerous level, and the hatards of injury from
exposure are slight. However, at major supply
points, the storage of large quantities of
radioactive electron tubes in a relatively small
area may create a hazard. For this reason,
personnel working with equipment that has
electron tubes containing radioactive material,
or in areas where a large quantity of radioactive
tubes is stored, should read and become
thoroughly familiar with the safety practices
promulgated in shipboard instruction.

CATHODE-RAY TUBES

Cathode-ray tubes should always be handled
with extreme caution. The glass envelope
encloses a high vacuum and, because of its large
surface area is subject to considerable force
caused by atmospheric pressure. (The total force
on the surface of a 10-inch CRT is 3750 pounds,
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or nearly two tons; over 1000 pounds is exerted
on its face alone.)

The chemical phosphor coating of the CRT
face is extremely toxic. When disposing of a
broken tube, be careful not to come into
contact with this compound. Certain hazardous
materials may be released if the glass envelope of
a cathode ray tube (CRT) is broken. These are:
thorium oxide and thorium daughter products,
considered carcinogenic; barium acetatesmall
residual remains after manufacture, TLV 0.5
mg/m3; barium getterscomposition unknown,
10-12 gms. Several manufacturers will dispose of
returned tubes. Instructions fol.. return of tubes
are available from the manufacturer. If the CRT
is not returned to the manufacturer for disposal,
it must be rendered harmless by breaking the
vacuum glass seal. The safest method of
rendering a CRT harmless is to place the tube
that is to be discarded in an empty carton, with
its face down. Then, carefully break off the
locating pin from its base (fig. 2-3). Complete
disposal instructions are contained in Navy
Electricity and Electronics Training Series
(NESTS), NAVEDTRA 172-06-00-81, Module
No. 6.

PAINTS AND VARNISHES

You must take special precautions when
removing paint or repainting electrical
equipment. In general, the removal of paint
from electiical equipment should be avoided.
The use of scraping or chipping tools on such

NECK V CRT

LOCATING
PIN

GLASS
VACUUM

SEAL

20.320(40)
Figure M.Cathode-ray tubs bass struoturs.
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equipment is liable to injure the insulation or
damage relatively delicate parts. Furthermore,
paint dust is composed of abrasive and
semierinducting materials which impair the
insulation. All electrical equipment, such as
generators," switchboards, motors and
controllers, should be covered to prevent
entrance of the paint dust when paint is being
scraped in the vicinity. After the paint is
removed, the electrical equipment should be
thoroughly cleaned, preferably with a vacuum
cleaner.

Electrical equipment should be repainted
only when necessary to ward off corrosion due
to lack of paint. The painting should then be
confined to the areas affected. General
repainting of electrical equipment or enclosures
for electrical equipment for the sole purpose of
improving their appearance is not desirable.
Paint should never be applied to any insulating
surfaces in electrical equipment. DO NOT
PAINT OVER IDENTIFICATION PLATES.

Electrical insulating varnish should be
applied to equipment only as necessary.
Frequent applications of insulating varnish
builds up a heavy coating which may interfere
with heat dissipation and develop surface cracks.
Do not apply insulating varnish to dirty or moist
insulation, as the varnish will seal in the dirt and
moisture and make future cleaning impossible.

Shellac and lacquer are forms of varnish but
must not be used for insulating purposes. The
two types of insulating varnishes commonly
used in the Navy are clear baking varnish (grade
CB), and clear air-drying varnish (grade CA).
Grade CB is the preferred grade, however, if it is
not possible to bake the part to be insulated,
grade CA is used.

ELECTRICAL FIRES

Fire aboard a Navy vessel at sea sometimes is
more fatal and damaging to both personnel and
the ship itself than that resulting from battle. It
is important that all personnel know and
understand the danger of fires. Part of this
knowledge is to know the type and location of
firefighting equipment and apparatus in the
immediate working and berthing spaces and
throughout the ship.' It is too late to get this

2-8'

knowledge after a fire has started; the time is
now.

Fire Extinguishers

Table 2-1 lists the types of fire extinguishers
that are normally available for use. Fire
extinguishers of the proper type must be
conveniently located near all equipment that is
exposed to constant fire danger,' especially
high-voltage equipment. Be extremely careful
when using fire extinguishing agents around
electrical circuits. A stream of salt water or foam
dire ;ted against an energized circuit can conduct
current and shock the firefighters. The same
danger is present though to a lesser degree when
fresh water is used. Avoid prolonged exposure to
high concentrations of carbon dioxide in
confined spaces since there is danger of
suffocation unless oxygen breathing apparatus is
used.

Table 2.1. Types of Fire Extinguishers

EXTINGUISHER

CO2 Gas

Potassium
Bicarbonate

(PKP)

Soda-Acid

Foam

USE

Effective (.,n any type fire
particularly electrical
fires.

Very effective on Class B
fires. Not recommended for
electrical fires because it
fouls electrical and elec-
tronic equipment.

Effective only on Class A
fires. Not recommended
for electrical fires as com-
pound is good conductor of
electricity. Not effective on
burning compounds, such as
oil and the like.

(Yery effective on burning
ompounds, such as oil and

similar materials. Not satis-
factory for electrical fires,
as compound is a good con-
ductor of electricity.
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Fighting an Electrical Fire

The following general procedure is used for
fighting an electrical fire:

1. Promptly deenergize the circuit or
equipment affected. Shift the operation to
standby circuit or equipment, if possible.

2. Sound an alarm in accordance with
station regulations or the ship's fire bill. When
ashore, notify the fire department; if afloat,
notify the Officer of the Deck. Give the fire's
location and state what is burning. If possible,
report the extent of the fire, that is, what its
effects are upon the surrounding area.

3. Secure ventilation by closing
compartment air vents or windows.

4. Attack the fire with portable CO2
extinguishers (or a CO2 hose reel system, if
available) as follows:

a. Remove the locking pin from the release
valve.

b. Grasp the horn handle by the insulation
(thermal) grip; the grip is insulated against
possible hand frostbite.

c. Squeeze the release lever (or turn the
wheel) to open the valve and thus release the
carbon dioxide; at the same time, direct the
discharge flow of the carbon dioxide toward the
base of the fire.

d. Aim and move the horn of the
extinguisher slowly from side to side.

e. Do not stop the discharge from the
extinguisher too soon. When the fire has been
extinguished, coat the critical surface areas
involved with carbon dioxide "snow" in order to
cool the substances (fuels) involved and prevent
a rekindling of the fire.

CAUTION TAG

A CAUTION tag (fig. 2-4) is a YELLOW tag
used as a precautionary measure to provide
temporary special instructions or to indicate
that unusual caution must be exercised to
operate equipment. These instructions must
state the specific reason that the tag is installed.
Use of phrases such as, DO NOT OPERATE
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WITHOUT ! EOOW PERMISSION, is not
appropriate since equipment or systems are not
operated unless permission from the responsible
supervisor hasjbeen obtained. A CAUTION tag is
not used if \personnel or equipment can be
endangered while performing evolutions using
normal operating procedures; a DANGER tag is
used in this case.

DANGER TAG

Safety must always be practiced by persons
working around\ electric circuits and equipment
to prevent injury -from-electric shock and from
short circuits caused by accidentally placing or
dropping a metal, metal flashlight case, or other
conductor of electricity across an energized line.
The arc and fire started by these short circuits,
even where the voltage is relatively low, may
cause extensive damage to equipment and
serious injury to personnel.

No work is done on electrical circuits or
equipment without permission from proper
authority, and until all safety precautions are
taken. One of the most important precautions is
the proper use of Danger tags, commonly called
Red stags (fig. 2-5).

Danger tags are used to pr6vent the
operation of equipment which could jeopardize
the safety of personnel or endanger equipment
systems or components. When equipment is Red
tagged, under no circumstances will it be
operated. When a major system is being repaired
or when PMS is being performed, if two or more
groups or parties, such as Enginemen and
Electricians, are wiprking on the same system,
both parties hang their own, tags; this prevents
one group from operating or testing circuits that
could jeopardize the safety of personnel from
the other group.

No work is done on energized or deenergized
switchboards without prior approval of the
commanding officer, engineering officer, and the
electrical officer.

All supply switches or cutout switches from
which power could possibly be fed should be
secured in the off or open (safety) position, and
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0

SYSTEM /COMPONENT /I DEN TI F MAT ION DATE/TIME

SIGNATURE OF PERSON ATTACHING TAG SIGNATURE OF PERSON CHECKING TAG

CAUTION
D NOT OPERATE THIS EQUIPMENT UNTILo

SPECIAL INSTRUCTIONS ON REVERSE SIDE ARE

ale THOROUGHLY UNDERSTOOD.
SIGNATURE OF AUTHORIZING OFFICER ISIGNATURE OF REPAIR ACTIVITY REPRESENTATIVE

NAVSHIPS 889015 IREV IFRONT)IFORMERLY NAVSHIPS 9890)

BLACK LETTERING ON YELLOW TAG

0 2
U

5
C

Figure 2.4.CAUTION Tag (colored YELLOW).

24
2-10

87.329
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SYSTEM/COMPONENT/IDENTIFICATION DATE/TIME

POSITION OR CONDITION OP ITEM TAGGED

DANGER
DO NOT OPERATE

SIGNATURE OP PERSON ATTACHING TAG S IGNATURES OF PERSONS CHECKING TAG

SIGNATURE OP AUTHORIZING OFFICER S IGNATURE OF REPAIR ACTIVITY REPRESENTATIVE

NAVSHIPSI11110/11 (REV. ) (FRONT) (FORMERLY NAVSHIPS SON) S/N 0101-441-111000

BLACK LETTERING ON RED TAG

N'

DANGER \\
DO NOT OPERATE

OPERATION OF THIS EQUIPMENT WILL
ENDANGER PERSONNEL OR HARM\THE
EQUIPMENT. THIS EQUIPMENT SHALL
NOT BE OPERATED UNTIL THIS TAG
HAS BEEN REMOVED BY AN AUTHOR',
IZED PERSON.

NAVSHIPS1111110/1 (REV. )(MACK/

Figure 24.DANGER Tag (colored RED).
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NSN 9N 5925000-389-3984

DANGER TAG
NAVSEA 9890/8

A0B-A50

NSN 145930-00-6094524

NSN M15930430601.7!i2

or,
AOBA'500, Athi101.
at AIVIA.Pt 00

TO BE APPLIED BY 'REPAIR PARTY TO
'SP LOCK CIRCUIT BREAKERS IN "OFF"

POSITION DURING REPAIRS ON CIRCUITS
SUPPLIED BY CIRCUIT BREAKER'

ABO250, ACIEW.P250 AOB400,
AOBT400 AND A081,400

Figure M.Handle locking devices for circuit breakers.
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Red tagged. (See fig. 2-6.) The proper use of
Red tags cannot be overstressed. When possible,
double Red tags should be used, such as tagging
open the main power supply breaker and
removing and tagging th. removal of fuses of the
same power supply.

LIVE CIRCUITS

Safe :7..acticc in most electrical or electronic
maintenance and repair work requires that all

.applicable circuits or power inputs be
deenergized. However, there are times when
deenergizing the circuits is neither desirable nor
feasible, such as ur.der emergency (damage
control) conditions or when deenergizing one or
more circuits would seriously affect the
operation of vital equipment or jeopardize the
safety of personnel. No work is done On
energized circuits without prior approval of the
commanding officer. Workers must be closely
supervised and fully aware of the dangers
involved in working on live or "hot" circuits. At
these times, the precautions they must. take to
insulate themselves from ground and to ensure
their safety include the following:

Insofar as practicable, provide insulating
barriers between the work and adjacent live
metal parts. Also provide ample lighting.

Cover adjacent grounded metal with a
dry insulating material, such as wood, rubber
matting, canvas, or phenolics. This material must
be dry, free of holes and imbedded conductors
of electricity, awl plentiful enough to give the
workers room to move around in.

Coat metallic handtools with plastisol or
cover them- with two layers of rubber or vinyl
plastic tape, half-lapped. Insulate the tool handle
and as much of its other-,exposed parts as
practicable. See NAVSHIPS' Technical Manual
for instructions on the use of plastisol. In case
them: is not enough time to apply plastisol or
tape, cover the tool handles and their exposed
parts with cambric sleeving, synthetic resin
flexible tubing, or suitable insulation taken from
scraps of electric cables; however, this is done
only in an emergency situation.
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Do not wear a wristwatch, rings, other
metal ,.bjects, or loose clothing that could
contact or become caught in live parts. Wear
shoes and clothes that are as dry as possible.

Tighten the connections of removable
test leads on portable meters. In checking live
circuits, do not allow the free end of an
energized test lead to come adrift from its
meter. 4 ./

Have immediately availablg person who
is qualified to administer mouth-to-mouth
resuscitatibn and cardiac massage for electric
shock.

Have a person standing by to deenergize
the equipment. Tie a rope to the worker's waist
to pull him free if necessary.

If practicable, work with one hand only;
wear a rubbed glove on the other hand. Where
the work permits, wear gloves on both hands,
and always wear 3 face shield.

RUBBER GLOVES'

There are four classes of rubber insulating
gloves. They are marked by class. The maximum
safe voltages on which the gloves can be used are
given in table 2-2.

Rubber gloves should be carefully inspected
for damage or deterioration before use. To
inspect rubber gloves for tears, snags, punctures,
or leaks that are not obvious, hold the glove
downward, grasp the glove cuff, and flip the
glove upward to trap air inside the glove. Roll or
fold the cuff to seal the trapped air inside. Then,
squeeze the inflated glove and inspect it for

Table 2-2.Rubber Gloves

Class Maximum Safe Voltage

0
I

II
III

l'50 volts
3V0 volts
4000 volts
5000-volts
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damage. Full information on the types and
causes of, damage to rubber gloves is in
NA VSHIPS' Technical Manual, Chaptei 300.

LEAKAGE CURRENTS

The ungrounded electrical distribution
system used aboard ship differs from the
groUnded system used in shore installations. But
because the shipboard system is designed to be
ungrounded, never think that it is safe to touch
one conductor since no electrical cu rent would
flow. It is not safe to touch. one conductor of
the ungrounded shipboard system because each
conductor an d all electrical equipment
connected to the system have an effective
capacitance to ground which provides an
electrical current path between the conductors
and the ship's httll. The higher the capacitance,
the greater the current flow is for a fixed body
resistance when one conductor of the
ungrounded system is touched while the body is
in contact with the ship's hull or other metal
enclosures. When body resistance is low due to
wet or sweaty hands, for example, the inherent
capacitance is sufficient to cause a FATAL
electrical current to pass through the body.

A perfect ungrounded system (fig. 2-7A) is
one in which the instuation is perfect on all
cables, switchboards, circuit breakers,
generators, and load equipment; there are no
filter capacitors connected from ground to any
of the conductors; and none of the system
equipment or cables have any inherent
capacitance-to-ground. If all these conditions
were met, there would be no path for electrical
current to flow to ground from any of the
system conductors.

You can see in figure 2-7A that if a person
touches a live conductor while standing on the
deck, there would be no completed path for
current to flow from the conductor through the
person's body, and thus, no electrical shock.
However, shipboard electrical power distribution
systems DO NOT and CANNOT meet the above
definition of a PERFECT ungrounded system.

In a rep tive shipboard "real"
ungrounded system, as shown in figure 2-7B,
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there are additional factors (resistances R and
capacitances C) which must be considered, some
of which are not visible.

The resistances, when combined in parallel,
form the insulation resistance of the system
which is periodically measured with a 500-volt
d-c megger. In figure 2-7B, there is a generator
insulation resistance, an electric cable insulation
resistance, and a load insulation resistant The
resistors cannot be seen as physical components,
but are representative of small current paths
through equipment and cable electrical
insulation. The higher the resistance, the better
the system is insulated; therefore, less current
will flow between conductor and ground.
Representative values of a large operating system
cah vary widely depending on the size of the
ship and the number of electrical circuits
connected together.

Figure 2-7B also shows the capacitance of
the generator to ground, the capacitance of the
distribution cable to ground, and the
capacitance of the load equipment to ground. As
.before, these capacitances cannot be seen, since
they are not actually physical components, but
are inherent in the design of electrical
equipment and cable.

The value of the capacitance generated
between the conductor and ground is
determined by the radius of the conductor, the
distance between the conductor and the
bulkhead, the dielectric constant of the material
between the two, and the length of the cable.tSimilar capacitance exists bet n the generator
winding and ground and bet en various load
equipment and ground. Since capacitors ideally
have an infinite impedance to direct current,
their presence cannot be detected by a megger
or insulation resistance test. In addition to the
nonvisible system capacitance, typical shipboard
electrical 'systems contain radio frequency
interference (RFI) filters which contain
capacitors connected from the conductors to
ground. These filters may be a part of the load
equipment, or they may be mounted separately.
Filters are used to reduce interference to
communications equipment.

If ,physical contact is made between cable B
and ground (fig. 2-7C) current will flow from
the generator through the person's body to
ground and back through the system resistances
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GENERATOR CABLE
LOAD

EQUIPMENT

GROUND (SHIP'S HULL OR BULKHEAD)'

A 'CLOSED-CIRCUIT PERFECT UNGROUNDED SYSTEM.
LOAD

EQUIPMENTGENERATOR

Rg *COI Rg

4

B

CABLE

r-r
L_-r- r-

4 4 4 .

RLP 41R__j C L L

4-a
GROUND (SHIP'S HULL OR BULKHEAD) 111Pr

CLOSED-CIRCUIT REAL UNGROUNDED SYSTEM.
CABLE

BODY
RESISTANCE
600 OHMSt t

GROUND (SHIP'S HULL OR BULKHEAD)

LOAD

. C REPRESENTATIVE VALUES OFA DEADLY UNGROUNDED SYSTEM.
77.296

Figure 2-7.DANGEROUSI BEWARE! Shipboard ungrounded electrical distribution systems are DEADLY.

and capacitances to cable A, thus completing the
electrical circuit back to the generator. This
presents a serious shock hazard.

Suppose you megger the system of figure
2-7C and obtain a system valve of insulation
resistance of approximately 50,000 ohms. You
can conclude rightly that no low resistance
grounds exist on the system, but wrongly that
the system is a "perfect" ungrounded system.

Do not forget the system capacitance which
exists in parallel with the resistance.

It should now be clear to you why you are
NEVER to touch a live conductor of an
electrical system, grounded or "ungrounded".
Insulation resistance tests are made to ensure the
system will operate properly, not to make the
system safe. High insulation readings in a megger
test do not make the system safenothing does.

sia 24529
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ISOLATED RECEPTACLE
CIRCUITS

Isolated receptacle circuits are installed on
all new construction ships. These circuits are
individually isolated from the main power
distribution system by transformers and each
circuit is limited to 1500 feet in length to reduce
the capacitance to an acceptable level. This
design is intended to limit ground leakage
currents to 10 milliamperes which would
produce a nonlethal shock. These receptacles are
located where personnel usually plug in
electrical power tools or appliances. To maintain
a safe level of leakage currents, it is extremely
important that the isolated recentacle circuits be
free of all resistance grounds.

SWITCHBOARD METERS AND
INSTRUMENT TRANSFORMERS

When removing or installing switchboard and
control panel.. meters and instrument
transformers, be extremely careful to avoid
electric shock to yourself and damage to the
transformers and meters.

The secondary of a current transformer
MUST always be short circuited before
disconnecting the meter as extremely high
voltages will build up that could be fatal to
unwary maintenance personnel.

The prima of a potential transformer must
always be open d prior to removal of the meter
to prevent dam ge to the primary circuit due to
high circulating urrents.

In most ins allations potential transformer
primaries are fused and the transformer and
associated mete can be removed after pulling
the fuses for he transformer concerned. In
disconnecting th transformer and meter leads,
however, avoid ontact with nearby energized
leads and termin4ls.

SWITCHBOARDS AND SWITCHGEARS

Switchboards and switchgears must have
safety precaution , operating instructions, wiring
diagrams and artificial respiration instructions
posted in the vicinity of the board and

switchgears. Also, HIGH VOLTAGE signs
should be posted. Under no condition should
anything be stored behind switchboards.

TEST EQUIPMENT

Test equipment is for the most part
precision equipment which must be handled
with care if it is to perform the designed
functions accurately.

Some equipment may require special
handling; however, there are precautions which
apply to test equipment in general. Rough
handling, moisture, and dust all affect the useful
life of test equipment. Bumping or dropping a
test instrument, for example, may destroy the
calibration of a meter or short circuit the
elements of an electron tube within the
instrument.

The effects of moisture are minimized in
electronic test equipment, such as signal
generators and oscilloscopes, by built-in heaters.
These heaters should always be operated for
several minutes before high voltage is applied to
the equipment.

Meters are the most delicate parts' of test
equipment. Protect a meter by making certain
that the amplitude of the input signal under test
is within the range of the meter. Also, keep a
meter as far away as possible from strong
magnets.

Since the movement coils of electrical test
equipnient are of the limited current type, they
can be permanently damaged by excessive
current. To avoid such an occurrence plus
possible operator injury, keep the following
points in mind when connecting and using
electrical test equipment:

Whenever possible, connections should
be made when the circuit is not energized.

An ammeter or the current coil of a
wattmeter or other instrument must be
connected inNEVER ACROSSthe line
carrying the current to be measured.
Additionally, if an external shunt or current
transformer is required, the shunt or the primary
of the current transformer must be connected in
the line.
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A voltmeter, or the potential coil of a
wattmeter or other instrument, must be
connected across the voltage to be measured in
series with an external multiplier, if one is
needed, or across the secondary of a potential
transformer. If a potential transformer is
required, the primary is connected across the
voltage to be measured.

Keep the following additional precautions in
mind when using portable instruments:

Wires attached to an instrument should
preferably extend back over the bench or table
on which the instrument is placed, and away
from observers.

Wires draped over the front of the table
are sometimes accidentally caught by an
observer, resulting in the instrument's being
thrown to the deck. If placing wires in this way
cannot be avoided, clamp the wires to the bench
or table at.a point near the instrument.

Instruments that must be used where
vibration is unavoidably present should be
placed on pads of folded cloth, felt, or similar
material.

Since the use of high voltages, which are
dangerous to human life, is necessary to the
successful operation of some equipment, certain
precautionary measures must be carefully
observed by maintenance personnel, when
adjusting and testing the equipment. These
include:

Remember that interlocks are not always
provided and that interlocks do not always
work. Removal of the case or rear cover of an
instrument not equipped with an interlock will
allow access to circuits carrying voltages
dangerous to human life.

Do not change tubes or make
adjustments inside equipment with the high
voltage supply on.

Under certain conditions, dangerous
potentials may exist in circuits even with the
power controls in the off position due to charges

retained by capacitors. Therefore, to avoid
casualties, always remove power, and then
discharge and ground the circuit prior to
touching them.

Under no circumstances should any
person, other than authorized maintenance
personnel, be permitted (1) to reach within or in
any manner gain access to enclosures when the
power supply line switches to the equipment are
closed, (2) to approach or handle any portion of
the equipment which is supplied with power,
(3) to connect any apparatus external to the
enclosure to circuits within the equipment, or
(4) to apply voltages to the equipment for
testing purposes while any portion of the
shielding or enclosure is removed or open.

Whenever feasible in testing circuits,
maintenance personnel should check for
continuity and resistance rather than directly
checking voltage at various points.

DO NOT service or adjust alone. Never
reach within an enclosure to service or adjust the
equipment without- the immediate presence or,.
assistance of another person capable of
rendering aid.

RUBBER FLOOR MATTING

To eliminate likely causes of accidents and
to afford maximum protection to personnel
from the effects of electric shock, use only the
approved rubber floor matting for electrical and
electronic spaces. Accident investigations often
show that the floors around electrical and
electronic equipment had been covered with
only general-purpose black rubber matting. The
electrical characteristics of this type of matting
do not provide adequate insulation to protect
against electric shock; there are various types of
electrical grade mats or sheet coverings
conforming to Mil Spec Mil-M-15562 which
meet the requirements.

To ensure that the matting is completely
safe, operating and maintenance personnel must
promptly remove from the matting surfaces all
foreign substances that could possibly
contaminate or impair its dielectric properties.

2-17
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The dielectric properties of the matting can be
impaired or destroyed by oil, imbedded metal
chips, cracks, holes, or other defects. If it is
apparent that the matting is defective for any
reason, cover the affected area with a new piece
of matting. Cementing the mat to the deck is
not required but is strongly recommended to
prevent removing the mat for inspection and
cleaning and thus leaving the area unprotected.
If the mat is not cemented, stencil an outline of
the proposed mat on the deck. Inside the
outline, stencil "ELECTRIC-GRADE MAT
REQUIRED WITHIN MARKED .LINES." Use
3/4-inch or larger letters.

Electrical insulating deck covering should be
installed so that there are no seams within 3 feet
of an electrical hazard. Where this is not
possible, seams must be heat welded or
chemically sealed to prbvide a continuous
surface free of seams, craters, or paras;tes.

WORKBENCHES

As an Electrician's Mate you will be doing
most of equipment testing and repair on a
workbench in the electric shop. To avoid getting
shocked while working there, you must be
careful, and your workbench must be insulated
properly.

Figure 2-8 shows the construction features
of a safe electric or electronics workbench. Its
work surface, or top, is usually 30 inches wide
and 4 feet long. The bench must be fastened
se irely to the deck.

Where vinyl deck covering is not used,
matting (not less than 3-foot widths) will be
installed over the minimum area necessary to
prevent electrical shock. Additionally, a 3-foot
width of rubber matting will be installed to
insulate the walkway in front of insulated
workbenches where vinyl sheet is not specified.

The top and front surfaces of an electric or
electronics workbench must be insulated with
3/8-inch Benelex 401. In addition, exposed ends
of the workbench and kneeholes under auxiliary
work tables must be insulated with 1/8-inch
insulation of the same material. Do not defeat
the purpose of the insulation by attaching vises,
locks, hasps, hinges, or other hardware with
metal throughbolts to the metal parts of the

wORKINGAREA (TOP, TOP EDGE,FRONT OF DOORS AND DRAWERS) INSULATED
WITH 3/BINCH BENELE X 01(FSN 90-560 -256-13(94)

ALL OTHER EXPOSED METAL SURFACES IN THE WORKING AREA (BENCH FRONT
AND SIDES, KNEEHOLE SIDE, UNDERSIDE OF TOP,IN3LILATED WITH 1/8 INCH
BENELEx 01

ismRUBBER NATTING, EITHER GREY (FSN 90-7220 -267 -4630) OR GREEN (FSN
9Q- 7220 - 913- S751), BUT AT LEAST 5 FEET WIDE

77.308
Figure 2-8.Typical electric workbench.

workbench. When mounting hardware items,
insulate-them from the workbench.

The workbench must have grounding leads
that are 54 inches long and of type D, size 10 (in
accordance with MIL-W-16878). The ground
leads must be secured to the ship's structure or
at the back of the workbench and must be
equipped at the free end with a 50-ampere
power clip (type PC) and insulated sleeving
(both conforming to Federal Specification
W-C-440). Ore grounding lead should be
installed for every 4 feet of workbench length to
ensure positive grounding of the equipment
being tested. The grounding leads installed in
ships with wooden hulls should be the same as
those installed in ships with steel hulls except
that the leads should be secured to the ship's
electrical grounding system. A bare solid copper
conductor, not less than 83,690 circular mils,
must be used for the main internal grounding
wire.

Test bench receptacle panels should be
installed on test benches where power at various
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voltages and frequencies (other than ship's
service) are needed for testing equipment.

The illumination requirements vary between
those for general purpose workbenches' and
workbenches for the repair of instruments, such
as typewriters and meters. A warning plate
which reads, ELECTRIC SHOCK
DANGERDO NOT TOUCH ENERGIZED
CIRCUITS must be installed over the
workbench. Artifical respiration instructions and
a desuiption of an approved method of rescuing
personnel in contact with energized circuits
must also be posted. (See figure 2-9.)

1A

mow.-
VOLTAL3 1E0

A

groati FROM LIVE MIMI

1. Do net hooch victim or wire

2. Disconnect power if possible

3. Use dry wood pole or dry
rope he remove Wif

4. Resuscitate if necessary

Figure 2-9.Safety.
40.67(77C)C

A dummy outlet should be installed near the
workbench for checking the grounding
conductor on portable tools prior to issue.

General specifications for ships require that
each item of electronic equipment connected
directly to the ship's electrical system be
provided with a means for discinnecting the
equipment from the distribution system. This
disconnect location shall be within the
compartment or space where the equipment is
located.

Workbench receptacle connectors shall not
supply other types of load. All receptacles on
the workbench must be connected to a common
or an individual isolation transformer. The
transformer shall be either 450/120-volt
supplied from a 450-volt load center or a
120/ 120 -volt , supplied from a 120-volt
distribution point. Additional information on
workbenches, grounding requirements, and
electrical mattings is contained in Appendix II
of this manual.

SHIPBOARD LIGHTING

The best protection against the- harmful
effects of glare aboard ship is the realization by
all hands that prolonged exposure to glare
should be avoided. Usually, it is possible to
position the work and place yourself so that you
will not face any exposed lamps or
uncomfortably bright, reflected-glare spots. If
this is not practicable, shield your eyes with a
visor.

Always use the proper size lamp in every
fixture. For example, glare is invariably
produced if a 100-watt lamp is used in a fixture
that is designed for a 50-watt lamp. This will
also result in rapid deterioration. of the socket
aad shorter lamp life due to the increased heat.
Install shielded fixtures in areas where extended
critical seeing tasks are required. Never use
exposed lamps or unshielded globes in such
spaces. Replace burned out lamps immediately.
Replace fluorescent lamps when their ends start
to turn black, causing a reduction in brightness.
A flickering fluorescent lamp will irritate the

st; 2-19
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eyes. Flickering can be caused by a defective
lamp or a defective starter, which should be
replaced at the earliest opportunity. Light
fixtures in machinery spaces must be shielded
due to the danger of oil accidentally spraying on
a naked lamp and igniting.

If a great difference exists between the
brightness of the work area, the pupils of the
eyes (which automatically adjust to the amount
of light entering the eyes) must make an
adjustment every time the eyes glance away
from and back to the work. The muscles of the
eyes ordinarily will not be overworked if the
ratio of brightness of the work to brightness of
the surroundings does not exceed 10 to 1.
However, if the ratio of brightness is appreciably
greater than,10 to 1, eye fatigue will result if the
work is continued for a prolonged period. Avoid
extreme brightness contrasts between work and
background. When lighting fixtures are installed
beyond the work area that would illuminate the
background, turn on these lights.

CONFINED AREAS

Fumes tend to collect in confined areas.
Because of the toxic elects of the fumes, it is
dangerous for personnel to enter spaces that are
not well ventilated, or spaces that have been
closed for an appreciable length of time, or
spaces that are normally occupied or regularly
used but have been vacated and sealed due to
damage or other reasons. Typical examples of
these spaces are storerooms, blisters, cofferdams,
pontoons, shaft alleys, and voids.

All compartments or areas which are
considered or suspected of being NOT SAFE are
to be appropriately classified and tagged. No
person 'should enter any closed compartment or
poorly ventilated space aboard ship, due to the
dangers of suffocation or gas poisoning, unless
and until the GAS-FREE Engineer (or an
authorized representative) has taken appropriate
action and has CLEARED the area for entrance.
The area will be properly Lagged for entrance,
giving the date and time when the safe condition
will no longer be in effect. If prolonged work is
required in closed space, ventilation is required
to prevent suffocation.

REPAIR PARTY ELECTRICIAN

As a repair party electrician you may be
called upon to perform various tasks in the event
of battle damage. These tasks could range
anywhere from manning an OBA to being a
stretcher bearer. Your primary responsibilities,
however, will be those tasks in your rating.

You must be familiar with all electrical
power sources and distribution panels in the area
assigned to your repair party. In case of fire the
scene leader will decide whether or not the
power should be secured. If the word is passed
to you to secure the power to a specific
compartment or piece of equipment, do so
quickly. Then the task of putting the fire out
can move ahead.

At the first sounding of General Quarters the
crew proceeds to G.Q. stations and sets material
condition Zebra. After Zebra is set, you should
report to your repair party leader for muster and
further instructions. By this time the repair
locker should be opened and you should
proceed to take an inventory of all the electrical
equipment in the locker. This equipment will
generally consist of items, such as an electrical
repair kit, floodlights, flashlights and spare
batteries, submersible pump, casualty power
cable and wrenches, extension cords, rubber
gloves and rubber boots. After testing all the
electrical equipment to make sure it is
operational and safe, stow it in an easily
accessible area. If needed it must be taken to the
scene quickly.

All members of the repair party are
responsible for rigging casualty power and tying
it to the overhead; however, the repair party
electrician is responsible for proper connection
to the biscuits, (the source and the load) and
finally turning on' power. Standard safety
precautions must be observed, wear rubber
gloves and rubber boots, and stand on a section
of rubber matting while making tie
connections.

In tagging the casualty power cable
various locations, warn all hands of the potential
danger that exists. A typical warning sign is
shown in figure 2-9.
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RESCUE AND FIRST AID

As the Electrician's Mate knows, the job is
risky even under the best of working conditions;
at other times, it is exceedingly dangerous.
Despite the fact that accidents are preventable,
an EM ,runs a good chance of getting shocked
and burned, and being surrounded by 'one or
more of the hazards described earlier. If you are
at the scene of an accident, you will be expected
to help the victim as quickly as possible.

ELECTRIC SHOCK

How much current does it take to kill a
person? When a 60-hertz alternating current, for
example, is passed through a person from hand
to hand or from hand to foot and the current is
gradually increased from zero it will cause the
following effects: (1) at about 1 milliampere
(0.001 ampere) the shock is perceptible;
(2) about 10 milliampere (0.01 ampere the
shock is of sufficient intensity to prevent
voluntary control of the muscles and a person
may be unable to let go and' get free; (3) at
about 100 milliamperes (0.1 ampere) the shock
is fatal if it lasts for one second or more.

The danger of shock from the 450-volt a-c
ship's service system is reasonably well
recognized by operating personnel as shown by
the relatively few reports of serious shock
received from this voltage despite its widespread
use. On the other hand, a number of shipboard
fatalities have been reported due to contact with
115-volt circuits. Despite a fairly widespread but
totally unfounded popular belief to the
contrary, low voltage (115 volts and below)
circuits are very dangerous and can cause death
where the resistance of the body is lowered by
moisture and especially when current passes
through the chest. Shipboard conditions
contribute to the severity of shock because the
body is likely to be in contact with the ship's
metal structure and the body resistance may be
low because of perspiration or damp clothing.

Keep clothing, hands, and feet dry if at all
possible. When it is necessary to work in wet nr
damp locations, use a dry platforirt or
stool to sit or stand on, and place a rubbe4
or other nonconductive material on top of ti

wood. Use insulated tools and insulated
flashlights of the molded type when required to
work on exposed parts.

RESCUE

All personnel should know that a victim
rendered unconscious by electric shock should
receive artificial respiration and that it should be
started in a matter of seconds rather than
minutes. Records show that seven out of ten
victims were revived when artificial respiration
was started in less than 3 minutes after the
shock. Beyond 3 minutes, the chances of revival
decrease rapidly.

The person nearest the victim should start
artificial respiration without delay and call or
send others for assistance and medical aid. The
only logical permissible delay is that required to
free the victim from contact with the electricity
in the quickest, safest way. This step, while it
must be taken quickly, must be done with great
care, otherwise there may be two victims instead
of one. In case the contact is a portable electric
tool, light, appliance, equipment, or portable
outlet extension, turn. off the bulkhead supply
switch or remove the plug from its bulkhead
receptacle. If the switch or bulkhead receptacle
cannot be quickly located, the suspected electric
device may be pulled free of the victim by
grasping the insulated flexible cable to the
device and carefully withdrawing it clear of its
contact with the victim. Other persons arriving
on the scene must be clearly warned not to
touch the suspected equipment until it is
unplugged. Aid should be enlisted to unplug the
device as soon.as possible.

Where a victim is in contact with stationary
equipment such as a bus bar or the contacts on a
machine, pull the victim free if the equipment
cannot be quickly deenergized, or if
considerations of ship operation or survival
prevent immediate shutdown of the circuits. To
save time in pulling the victim free, improvise
the equivalent of the protective insulation for
the rescuer. `For example, instead of hunting for
a pair of rubber gloves to use in grasping the
vielm, you can safely pull the victim free if

tiora are dry by grasping the victim's slack
leather shoes or by using the rescuer's

belt. Instead of hunting for a rubber mat on
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which to stand, use nonconducting materials,
such as deck linoleum, a pillow, blanket,
mattress, dry wood, or coil of rope. At no time
during the rescue should any part of the
rescuer's body directly touch hull metal or metal
structure or furniture.

RESUSCITATION

Methods of resuscitating or reviving an
electric shock victim include artificial respiration
(to reestablish breathing) and external heart
massage (to reestablish heart beat and blood
circulation).

Artificial Respiration

The procedure for administering artificial
respiration is given in figure 2-10A. Some
techniques are demonstrated in figure 2-10B. If
desired, in step 6' of the procedure, use the
pharyngeal plastic airway which is required in all
potentially hazardous areas of electrical shock,
or blow into the victim's mouth through a cloth
or handkerchief placed over the face. If
assistance is available, you and an assistant can
take turns blowing into the victim's mouth and
massaging the heart. See figure 2-8C.

Closed Chest Cardiac Massage

Massaging the heart is a practical,
two-handed, easy-to-learn method of reviving an
electric shock victim. The objective in closed
chest cardiac massage is to squeeze the heart
through the chest wall, thereby emptying the
heart to create a pulse or beat.

CARDIAC ARREST.When a
complete absence of any pulse at the wrist r in
the neck, the victim has suffered a cardiac arrest
or, in other words, loss of heart beat. At the,
same time, the pupils of the eyes-are dilated and
breathing is weak or stopped. The victim may
APPEAR to be dead. Under these circumstances,
severe brain damage will occur in 4 minutes
unless circulation of the blood is reestablished.

HEART MASSAGE.The following method
of reviving a victim by cardiac massage is

4.4

recommended by the Bureau of Medicine and
Surgery:

1. Place the victim's back on a firm surface,
such as the deck, if possible, exposing the chest.

2. Kneel beside the victim; feel for the
lower end of 'the breastbone; place one hand
across the breastbone so the heel of the hand
covers the lower part; place the second hand on
top of the first so that the fingers point toward
neck as in figure 2-10C.

3. With arms nearly straight, rock forward
so that a controlled amount of your body
weight is transmitted through your arms and
hands to the breastbone. The amount of
pressure to apply will vary with the victim. It
should be applied as smoothly as possible. The
chest wall of an adult should be depressed 2 to 3
inches with each pressure application. Keep the
hands positioned ai described to prevent injury
to the liver, ribs, or other body parts.

4. Repeat application of pressure about 60
to 80 times per minute.

5. Have an assistant ventilate the victim's
lungs, preferably with pure oxygen under
intermittent positive pressure; otherwise, with
mouth-to-mouth resuscitation. The heart cannot
recover unless supplied with oxygenated blood.
Closed chest massage, however, will cause some
ventilation of the lungs. When working alone,
concentrate on the massage but interrupt it
every half minute or so to start rapid
mouth-to-mouth breathing for three or four
breaths.

6. Direct other assistants when available to
keep checking the victim's pulse. Use the least
pressure that will secure an effective pulse beat.
The pupils will become smaller when the cardiac
massage takes effect.

7. Pause occasionally to determine whether
a spontaneous heart beat has returned.

BURNS

The principal dangers from burns are shock
and infection. All casualty care measures must
be directed toward combating shock, relieving
the casualty's pain, and preventing infection.
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ARTIFICIAL RESPIRATION
MOUT1440MOUTH OR MOUTHTONOSE

RESCUE BREATHING

(DPLACE CASUALTY ON BACK IMMEDIATELY
DON'T WASTE TIME MOVING TO A BETTER PLACE OR
LOOSENING CLOTHING

MOUICKLY CLEAR MOUTH AND THROAT
REMOVE MUCUS, FOOD AND OTHER OBSTRUCTIONS.

STILT HEAD BACK AS FAR AS POSSIBLE
THE HEAD SHOULD BE IN A "CHINUP" OR "SNIFF" POSI-
TION AND THE NECK STRETCHED.

®LIFT LOWER JAW FORWARD
GRASP JAW BY PLACING THUMB INTO CORNER OF MOUTH.
DO NOT HOLD OR DEPRESS TONGUE.

ISIPINCH NOSE SHUT OR SEAL MOUTH
PREVENT AIR LEAKAGE.

OWEN YOUR MOUTH WIDE AND BLOW
TAKE A DEEP BREATH AND BLOW FORCEFULLY (EXCEPT
FOR BABIES) INTO MOUTH OR NOSE UNTIL YOU SEE CHEST
RISE.

GLISTEN FOR EXHALATIN4
QUICKLY REMOVE YOUR MOUTH WHEN CHEST RISES. LIFT
JAW HIGHER I F VICTIM MAKES SNORING OR GURGLING
SOUNDS.

® REPEAT STEPS SIX AND SEVEN 12 TO 20 TIMES
PER MINUTE
CONTINUE UNTIL VICTIM BEGINS TO BREATHE NORMALLY.

FOR INFANTS SEAL ROTH MOUTH AND NOSE WITH YOUR
MOUTH
BLOW WITH SMALL PUFFS OF AIR FROM YOUR CHEEKS.

.-0 CLEAR THE MOUTH
AND THROAT

TILT HEAD BACK
AND LIFT JAW

PINCH NOSE
(OR SEAL LIPS)

4.224
Figure 2.10. Artificial respiration and cardiac massage.
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CLASSIFICATION OF BURNS

Burns may be classified according to their
cause as thermal, chemical, or electrical.
Thermal burns are the direct result of heat such
as fire, scalding, sun or explosion blast. Chemical
burns are pruced by chemical action such as
battery acid on tissues. Electrical burns may be
caused by electrical current passing through
tissues or the superficial wound caused by
electrical flash.

Burns may also be classified as first, second,
or third degree, based on the depth of skin
damage (fig. 2-11). First-degree burns are
characterized only by reddening of the skin.
Second-degree burns are 'characterized by
blistering of the skin, either early or late. They
are the most painful type of burn. The complete
thickness of the skin is not destroyed.

Third-degree burns are characterized by
complete destruction of the skin with charring
and cooking of the deeper tissues. This is the
most serious type of burn, for it produces a
deeper state of shock and more permanent
damage and disfigurement. It is not as painful as
a second-degree burn because the sensory nerve
endings have been destroyed.

BURN EMERGENCY TREATMENT

The degree of the burn, as well as the skin
area involved, determines the procedures used in
treatment of burns. Large skin areas require a
different approach than small areas. To estimate
the amount of skin area affected, use fig. 2-12.

As a guideline, consider that burns exceeding
20 percent of the body surface endanger life; the
old or the very young patient will not tolerate

136.32
Figure 2-11.Types and degrees of burns.
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SACK

FRONT
IS%

136.31
Figure 2-12.Computing body surface.

burn injuries well; without adequate treatment.
Burns of more than 30 percent are usually fatal
to adults.

If time and facilities permit caring for
patients with superficial burns, the area should
be cleaned with soap and water. A simple sterile
dressing of fine-mesh, dry gauze is then applied
over the area to protect it from infection.

Based on field level casualty treatment
conditions, superficial burns include first-degree
burns and lesser second-degree -burns, which
'need little attention beyond self-care. .

When emergency treatment of the more
serious second-degree burns and third-degree
burns is required, treat the patient for shock
first. Make the patient as , comfortable as
possible, and protect him froM cold, excessive
heat, and rough handling.

The loss of body fluids is the main factor in
burn shock.. Start oral therapy gradually at first
by giving small amounts of hot coffee, tea, fruit

t

juice, or sugar water. Give the drinks frequently
but only if the patient is conscious, able to
swallow, and has no internal injuries.

To enable trained personnel to determine
the kind of treatment required, no medication
should be applied to burns during emergency
treatment. Pain is closely allied to the degree of
shock, and should be relieved as soon as
possible. When available, ice water is an effeztive
pain reducer. Flooding- with lots of clean, cool
'fresh water helps also provided that not too
much force is used. In electric shock cases, burns
may have to be ignored temporarily while the
patient is being revived.

After the patient' has been treated for pain
and shock, a compress and bandage may be
applied to protect the burned area. If a universal
protective dressing is not available, fine mesh
gauze may be substituted. Constricting articles
of clothing and ornaments should be removed,
and the burned area should be elevated and
immobilized.

Patients with extensive deep burns mug be
evacuated to a medical facility for treatment as
rapidly as possible. Pain should be alleviated and
shock must be controlled before and during
evacuation.

Debris and loose clothing must be removed
from burned areas to prevent irritation while the
patient is being treated and transported.
Clothing that sticks to a burn may be cut around
the burn and the adhering cloth allowed to
remain until it can be removed at the medical
facility. The area of the burn is usually sterile;,,
therefore, care should be taken - not to
contaminate it.

SAFETY PUBLICATIONS
AND POSTERS

Electrician's Mates should become regular
readers of safety publications, such as FATHOM
magazine, MECH, and others. Published
quarterly by the Naval Safety Center, FATHOM
carries the most accurate information available
on the subject of nautical accident prevention.

MECH is published quarterly and is
distributed to aeronautical organizations., It
presents the most accurate.jnformation available
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on the prevention of maintenance-caused
accidents and mishaps.,

DECKPLATE, published by Naval Sea
Systems Command, contains information for
personnel in the Naval Establishment on the
design, construction, conversion, operation,
maintenance, and repair of naval vessels.as well
as articles on safety hazards and their
prevention.

These publications, as well as notices and
instructions distributed by the cognizant
bureaus, make excellent reference materials and
should be read when available to the operating
forces.

At tile beginning of this chapter, it was
pOinted out that safety posters, such as those in

figures 2-1 and 2-2, serve as warnings of danger
or reminders of safe practices. The messages of
these and other well-designed safety posters are
clear and to the point. The left-hand poster of
figure 2-13, for example, reminds personnel to
think "safety"; the right-hand poster to act
promptly or suffer the consequences. Remember
that the messages are aimed at YOU. It is your
responsibility to "read and heed." And don't
forget your ABC's:

Always

Be

.Careful

Figure 2- 13. Safety posters.
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CHAPTER 3

TEST EQUIPMENT

As an Electrician's Mate, you will find it
necessary to use a variety of test equipment
to help troubleshoot and repair the newer, more
sophisticated electrical/electronic gear aboard-
ship. This chapter provides you with a useful
and logical troubleshooting procedure, and de-
scribes the test equipment that you are likely
to operate when troubleshooting and repairing
the installed electrlal /electronic gear.

TROUBLESHOOTING

Troubleshooting is the art of locating the
problem. Like any art, it requires talent and
training before it is developed into any degree
of skill. Over the years Electrician's Mates
have developed specific theories as to how to
go about their work, and since they are passed
on to you free of charge it will stand you well
to use them.

The FIRSTstep in logical troubleshooting is to
recognize a normal conditions in other words,
to determine that everything is workingproperly.
For example, the seoo d hand on our watch is
going through 360 deg es in a clockwise direc-
tion every minute, th chances are pretty good
that the second hand on your watch is working
properly. If, however, you had never seen a
watch before, you would have no idea that this
was the proper method for the second hand to
work and therefore would have no way of knowing
that the hand was working properly. When you
are dealing with a voltage regulator or a large
electric circuit breaker, the problem of recog-
nition of, normal conditions is far more compli-
cated and you may need an explanation from a
senior or from the m'anufacturer's technical
manual. The point is you must have a fair com-
prehension of the normal condition of a piece of
equipment before you can consider maintenance
of it.

A SECOND logical step in the art of trouble-
shooting is the ability to recognize that a mal-
function is occurring, is about to occur, or has
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at some time past occurred. Then we assume
that the equipment is not functioning normally,
or that we have available information that indi-
cates it will not function normally for much
longer.

Picture again the watch, but this time the
second hand is stopped. A malfunction hat oc-
curred at some previous time. It may be that
someone has forgotten to wind the watch, but
since you recognize that the normal condition
le for the second hand to complete 360 degrees
in 1 minute and since it is not moving, you are
aware that a malfunction has occurred. If, how-
ever, when you looked at the watch, you noted
that the second hand was moving at a rate of
but 10 degrees in a 1-minute period, you could
safely assume that a malfunction was occurring
at that time. The third situation would be In ef-
fect that you find the watch running at the proper
rate but noted a grinding sound from somewhere
in its interior. You could then assume with some
reliability that a malfunct' :n was about to occur
at some future time. Again it must be emphasized
that the criterion of step one remains true: you
must be able to recognize a normal condttton be-
fore you can determine that there is a malfunction.

Step THREE in logical troubleshooting falls
right in place once you are sure of the malfunc-
tion's existence. Collect all available data re-
garding the malfunction in order to find the symp-
toms. Is the unit running at all? Is it within the
nor-aal temperature and pressure range? Has
this malfunction occurred before? Is the malfunc-
tion occurring only ,during a specific set of cir-
cumstances? Is the unit noisy ? Out of calibra-
tion? Over or under design limits? Don't over -

as the smallest unit of information
that you collect may in the final analysts be the
solution to the problem,

Now that you have collected all of the symp-
toms of the malfunctions, the next step is to list,
mentally or on paper, the possible causes of
these symptoms. Many manufacturers' technical
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manuals list the "probable cause" in the correc-
tive maintenance sections. It is often wise at this
point to discuss the malfunction another
Electrician's Mate. Giving him the s, r corns may
result in his coming up with several causes that
were not apparent to you.

Armed with a complete set of symptoms and
with the probable causes of these bymptoms, the
troubleshooter now begins the painstaking checks
which will ultimately lead to isolation of the mal-
function. To sectionalize the trouble means to
track it down into one specific area of a piece of
equipment. Thiq may be done by going over the
energizing procedure slowly and determining
when the trouble first appears. It may be done
through the use of a troubleshooter's 'chart listed
in the manufacturer's technical manual. It also
can easily be performed through the,use of the
probable causes that you have listed.

Once it has been determined which section of
a system is malfunctioning, it is usually but a
matter of time before the defective component or
components are isolated and repairs can be made.
During this final step of troubleshooting it is most
important that you, the Electrician's Mate, use
every method of isolation. An open resistor can be
determined through the use of a r-eter, but time is
wasted if you do not note that the component is
discolored when you originally open the chassis for
inspection. In troubleshooting you must give full
attention look, listen, smell, and feel to ensure
good, quick, trouble. isolation.

TACHOMETERS

A tachometer is an instrument which shows
the rate at which a shaft is turning. Tachometers
indicate in revolutions per minute (rpm) the turn-
ing speed of motors, generators, and other rotat-
ing machines. Though tachometers are installed
on Navy machinery, such as ships service gener-
ators and main engines, an Electrician's Mate
must often determine the speed of a rotating ma-
chine that is not equipped with a tachometer. In
this case, he uses a portable tachometer.

Portable hand tachometers measure speed by
direct contact with the shaft of the measured unit.
Each hand tachometer (fig. 8-1) comes with an
assortment of hard rubber tips, one end of which
is inserted' in the instrument the other applied to
the rotating shaft.

Portable tachometers are for use only during
testing and should not be used continuously. The
tachometer shaft must be aligned to the center of
the shaft of the unit under test; an off - center posi-
tion will yield an incorrect reading. Additionally,

you should ensure that the design limit of the
tachometer is not exceeded.

Common tachometers employed in the electric
shop are both the centrifugal and chronometer
types. In the centrifugal type, (fig. 3-1B), centri-
fugal force acts upon weights or flyballs which
are connected by links to upper and lower collars.
The upper collar is affixed to a drive shaft while
the lower is free to move up and down the shaft.
A spring, which fits over the shaft, connects the
upper and lower collars. As the drive shaft be-
gins to rotate, the flyballs (or weights) rotate
with it.

Centrifugal force tends to pull the flyballs
away from the center, thus the lower collar rises
and compresses the spring. The lower collar is
attached to a pointer and its upward motion, re-
stricted by the spring tension, results in an in-
crease in the indication on the dial face. The unit
when properly used indicates correct shaft speed
as long as it is in contact with the machine shaft
under test.

The centrifugal tachometer may be either por-
table (single and multiple range) or permanently
mounted. The portable multi-range tachometer
has three ranges: low (50 to 500 rpm), medium
(500 to 5,000 rpm), and high (5,000 to 50,000 rpm).

Normally, permanently mounted centrifugal
tachometers operate, off the governor or speed
limiting assembly. The tachometer oontinously
records the actual rotational speed of the machin-
ery shaft.

The shaft, portable/CHRONOMETRIC tacho-
meter, shown in figure 8 -2A, is a combination
watch and revolution counter. It measures the
average number of revolutions per minute of a
motor shaft, "pump shaft, etc. The mechanism of
this tachometer is such that its outer drive shaft
runs free when applied to a rotating shaft, until
a 'starting button is depressed to start the timing
element. Note the starting button beneath the index.
finger in figure 8-2A. The chronometric tacho-
meter retains readings on its dial after its drive
shaft has been disengaged from a rotating shaft,
until the pointers are returned to zero by the
reset button (usually the starting button). The
range of a chronometric tachometer is usually
from 0 to 10,000 rpm, and from 0 to 8,000 feet
per minute (fpm).

Each portable centrifugal or chronometric
tachometer, is supplied with a small rubber cov-
ered wheel and a number of hard rubber tips.
The appropriate tip or wheel is fitted on the end
of the tachometer drive shaft, and held against
the shaft to be measured. Portable tachometers
of the centrifugal or chronometric type are used
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Figure 3-1.Centrifugal tachometer.

for intermittent readings only, and are not used
for continuous operations.

The RESONANT REED tachometer, illustrated
in figure 3-2B, is particularly useful for measur-
ing high rotational speeds such as those thatoccur
in turbines and generators. This type of tachome-
ter is particularly suitable where itis practically
impossible to reach the moving ends of the ma-
chinery. shafts. This instrument gives continuous
readings and is capable of making very rapid,
instawaneous adjustments to rotational speed.

Resonance is the quality of an elastic body
which causes it to vibrate vigorously when sub-
jected to small, rhythmic impulses at a rate
equal to its natural frequency, or nearly so. In
a resonant reed tachometer, resonance provides
a simple but accurate means for measuring speed
and rate oflibration.

A resonant reed tachometer consists of a set
of consecutively tuned steel reeds mounted in a
case with a scale to indicate rpm of the shaft and
vibrations per minute (vpm) of the reeds. This
tachometer has no pointer only a set of accu-
rately tuned reeds and it operates without direct
contact with a moving part under test. It has no

61.17X: 2.66X

gears or couplings, and it requires no oiling and
practically no maintenance.

Since the frequency of a generator is directly
related to its speed, the resonant reed instrument
can be calibrated with a scale to indicate the oper-
ating frequency of a generator. When used in this
way, the meter is designated a frequency meter.

SAABOSCOPIC TACHOMETER

The stroboscope is an instrument thatpermits
rotating or reciprocating objects to be viewed
intermittently and produces the optical effect of
slowing down or stopping motion. For example,
electric fan blades revolving at 1800 rpm will
apparently be stationary if viewed under a light
that flashes uniformly 1800 times per minute. At
1799 flashes per minute, the blades will appear
to rotate forward at 1 rpm and, at 1810 flashes
per minute, they will appear to rotate backward
at 1 rpm.

Because the human eye retains images for a
fraction of a second, no flicker is seen except at
very low speeds. The apparent slow motion is an
exact replica of the original higher speedmotion,

3.3
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2,66X: 61,16X
Figure 3-2.Additional tachometers. (A) portable chronometric; (B) mounted resonant reed.

so thr,t the action of a high -speed machine can be
analyzed under normal conditions.

When the flashing rate of the light is adjust-
able, the control can be calibrated in flashes (or
revolutions) per minute. The stationary image
seen when the flashing rate of the lamp and the
rotational rate of a shaft are equal permits very
precise speed measurements to be made.

The Strobotac is an electronic flash device,
in which the flash duration is very short (on the
order of a few millionths of a second), which
allows very rapid motion to be arrested.

Figure 3-3 is a photograph of the Strobotac.
The box contains a swivel mount with a strobotron
lamp in a parabolic reflector, an electronic pulse
generator to control the flashing rate, and a power
supply that operates from the a-c power line. The
flashing rate is controlled by the large knob (see
photo), and the corresponding speed in rpm is in-
dicated on an illuminated dial viewed through win-
dows in the knob.

The normal speed range is from 110 to 25,000
rpm. At speeds below 800 rpm, flicker becomes
pronounced because the human eye cannot retain

successive images long enough to create the il-
lusion of continuous motion. The flicker and the
low average level of illumination set 600 rpm as
the lower limit of speeds used for slow-motion
studies. If slow speeds are to be checked, it is
necessary to use an external flash with higher
intensity than the built-in flash in order to raise
the average level of illumination.

Maintenance

The life of the strobotron tube is approximately
250 hours if used at flashing speeds of less than
5000 rpm, or 100 hours if used at higher speeds.

If the Strobotac is operated continuously atthe
higher speeds, the strobotron cathode emission
may eventually be reduced to the point where the
tube is inoperative. When this happens, the tube
usually glows with a dull red color, but will not
flash. Flickering is another symptom of low cath-
ode emission.

It' is sometimes possible to restore operation
by running the tube at low speeds for several
hours. Eventually, however, the tube becomes
completely inoperative and must be replaced.

3.4
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71.310
Figure 3-3.Strobotac.

MULTIMETERS

Multimeters combine a voltmeter, ammeter,
and ohmmeter In one unit and may be classified
as either the electronic or nonelectronic type.

MULTIMETER AN/PSM-4 (SERIES)

Multimeter AN/PSM-4A (fig. 3-4) is a port-
able, nonelectronic volt-ohm-milllammeter. It
can be used to measure direct current, resistance,

and voltage. The complete unit includes test
probes which may be used with their prod tips,
or the tips can be fitted with alligator clips or
with a telephone plug to simplify contact arrange-
ments and connections., A high voltage probe is
also included, which makes it possible to read
voltages up to 5000 VDC. This probe contains a
warning light to indicate the presence of high
voltage.

Multimeter AN/PSM-4 is designed for meas-
uring the following:

3-5
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1. Direct current up to 10 amperes.
2. Resistance up to 30 megohms.
3. D-c voltage up to 5000 volts.
4. A-c voltage up to 1000 volts (RMS).
5. Output voltage up to 500 volts (RMS).

The following discussion and the associated
block diagrams treat the general Circuit 'within
the instrument part of the multimeter as it A
arranged when used to measure voltage, current,
or resistance. Although improvements have been
made to the basic meter, for the purpose of this
discussion there are no differences in the AN/
PSM-4A, B, C, and D meters.

D-C Voltmeter Circuits

The block diagram of the circuit in Multimeter
AN/PSM-4 which is used for measuring d-c volt-
ages is shownin figure 3-5. The circuit is select-
ed with function switch S101, in either its DIRECT
or REVERSE DCV position. For voltages up
through 500 volts, a range is selected with range
switch S-102 (only one position shown in figure
3-5). For the 1000-volt range, the red test lead
connects into the special 1000 VDC Jack (fig. 3-4)
and the range switch is not in the circuit, For the
5000-volt range the high voltage probe (not shown)
connects the special 6000 VDC Jack, and places
its resistance in series with the meter movement.
For any range, the total resistance in series with
the meter movement will regulate the meter cur-
rent to provide a proportional current to indicate
the amount of voltage in the circuit.

A-C and Output Voltage Circuits

The circuits which measure a-c and output
voltages (fig. 3-6), are selected with the ACV
and OUTPUT positions of function switch S-101.
For voltages up through 500 volts, a range is
selected with range switch S-102. For the 1000-
volt range, the red test lead connects the special
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Figure 3-4, Multimeter AN/PSM-4A.
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Figure 3-5. Functional block diagram of d-c voltage circuits.
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Figure 3-6. Functional block diagram of a-c and output voltage circuits.

1000 VAC jack, and the range switch, 5-102, is
not in the circuit.. The a-c voltage impressed
across the circuit between the red and black test
leads tries to send current through the resistance
of the circuit in both directions, but the rectifier
allows only one direction of current flow through
the meter movement. The meter is calibrated to
indicate the RMS value of the a-c voltage applied
to the instrument circuit.

Direct Current Circuit

The circuit which measures direct current is
selected with the d-c uA MA AMPS position of
function switch S-101 (fig. 3-4). For currents up
to 1000 milliamperes, the range is selected with
range switch S-102 (fig. 8 -7). For the 10 ampere
range, the red test lead connects the special 10
AMPS jack, and range switch 9-102 is not in the
circuit. Each range provides a parallel shunt re-
sistance for the meter movement, and the circuit
current divides between these two parallel paths.
The proportional part which passes through the
meter movement Indicates the total circuit cur-rent.

RID TEST LEAD 102
RANGE
SWITCH

Ohmmeter Circuit

The ohmmeter circuit (fig. 3-8) and its ranges
are selected with function switch 5-101. The
ranges are. Rxl, Rx10, Rx100, Rx1000, and
Rx10000. An internal battery furnishes the power
for all resistance measurements. For each range,
the circuit is arranged so the meter will indicate
zero ohms, and full scale deflection when the red
test lead and the black test lead are shorted to-
gether. When you connect a resistance between
the test leads, this resistance 'will be in series
with the instrument otrcuit, and less current will
flow through the meter movement. The amount of
reduced meter deflection indicates how much re-
sistance is between the test leads.

Function Switch 5 -101

Function switch 5-101, (fig. 3-4) located in the
lower left-han corner of the front panel, selects
the type of circuit for which the instrument is
connected. There are two positions for d-c volts:
DIRECT and REVERSE. The normal position is
DIRECT. When using the meter to make a d-o

MITER
MOVEMENT

SHUNT

BLACK TIST LOAD

Figure 3-7. Functional block diagram of d-o circuits.
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Figure 3-8. Functional block diagram of ohmmeter circuits.

voltage measurement and a connection is made
which causes the meter to read backwards (de-
flection of the pointer to the left), set switch
S-101 to REVERSE and the pointer will be de-
flected up-scale, To read alternating current
voltages, set switch S-101 to the ACV position.
A rectifier within the instrument rectifies the
a-c voltage to 'an equivalent d-c value, and the
meter indicates the RMS value of the applied
voltage. To read the a-c portion of mixed a-c
and d-c voltages, set switch S-101 at OUTPUT.
Set switch S-101 at D-C µA MA AMPS to read
direct current. As mentioned previously, switch
S-101 also serves as a range switch resist-
ance measurements.

Range Switch S-102

This eight-position range switch located in
the lower right corner of the front panel permits
the selection of voltage and current ranges. The
full scale value for each range switch position is
marked on the front panel.

Zero Ohms Control

The ZERO OHMS control is located near the
center of the front panel. Each time the function
switch S-101 is placed in a position to read re-
sistance, short the test leads together and rotate
the ZERO OHMS control knob to make the pointer
read full scale, or zero ohms. If you cannot bring
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the pointer to full scale, replace the battery in
the rear of the case.

Test Leads and Test Jacks
There are two test leads, W-101. and W-102,

(fig. 3-9) which are needed for all measurements
except those which require the 5000 VDC range.
Test lead W-101 Is red and test lead W-102 is
black. Unless otherwise speoified,-oonneot-blaok
test lead W-102 in the COMMON Palk, J106, and
connect the red test lead W-101 in the + V MA
OHMS jack, J101. Por the 1000 VDC range, place
red test lead W-101 in the 1000 VDC jack, J-103.
For the 1000 VAC range, place red test lead W-
101 in the 1000 '.0 jack, J104. Use the red test
lead to contact thb positive side of the source for
d-c measurements and the black test lead to con-
tact the negative at de. For the 5000 VDC range,
une black test le W-102 in the COMMON jack,
J. .0q, and use t high voltage test lead, W-103,
s-irewed (PI ova ecessed post J-102, +5000 VDC
MULTIFI L. A Jr the 10 ampere range, place
red Loot lead, W101, in the special 10 AMPS jack,
J105.

Accessories E-101, E-102, and E-103

There are two alligator clips, E-101 and E-102
which the operator may use to screw on over the
end of test leads W-101 and W-102. This is for
the convenience of the operator. There is a tele-
phone plug, E-103, which may be used to connect
both the test leads, W-101 and W-102, to contacts

3-8
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W 103
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E 102
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4.133 (ME-48A/U)
Figure 3-9.Control, jacks, leads, and etocegeories.

within ft `wo-contact telephone jack. Toispermits
easier connection to the jack contacts for any
metrical measurement oecluso the werator can
make the measurement ct'y through an equip-
ment panel without opening the ease of the equip-
ment. The red test lead W-101, connected in the
red insulated Jack (not shown) on the rear of tele-
phone plug E -108, contacts the tip of theplug. The
black test lead , W-102, connected in the black
insulated jack (not shown) on the rear of the tele-
phone plug, E-103, contacts the sleeve of the plug.

3.9
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MULTIMETER AN/USM-116

At times accuracy is a major considerationinthe, art of troubleshooting. When working with the
control circuits or voltage regulator circuits, you
must often adjust to tolerances of afew millivolts
or perhaps a milliampere. To help you make the
adjustments, the Navy has developed a series of
electronic multimeters. One of these, the AN/
USM-116, is a portable instrument that can
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tocurately measure voltage, current, and resis-
tance. It .does so through a relatively high input
impedance, thereby not having to load the test
circuit. This meter (fig. 9-10) requires a 115-volt
a-c power source, and along with its 8-fopt power
cord contains 4 permanently connected test leads.

The AN/USM-116 is designed to measure the
following:

1. A-c voltage-0.01 to 300 volts RMS
2. D-c voltage-0.02 to 1000 volts
3. Direct current 20 microamps to 1000

rnilliamps
4. Resistance-0.2 ohms to 1000 meg9hms

Two unshielded leads are employed in the
measurement of both resistance and current. A
third, red in color, is used in conjunction with
the common of the former two in the measure -.
ment of d c voltage. This probe contains a 36-
megohm resistor to eliminate the capacitance
caused by interaction with its shield. The fourth
lead, used for a-c voltage, is recognizable by the
perm.aneut attachment of an RF type probe for
use on high-frequency circuits. When measuring
high frequency, a ground attachment is employed
and connects directly to the a-c probe.

The AN/USM-116 has four operating controls.
The Function Switch is used to select the desired
parameter to be measured, that is current, re-
sistance, a-c voltage, or d-c voltage. It is also

POWER
CABLE

MULTIMETER
COVER

ASSEMBLY

used Rs an on-off switch with a15-minutewarmup
time being. recommended for greater meter ac-
curacy. The Range Switch is for selection of the
scale that the operator uses in reading the meter.
The Zero Adjust control permits the accurate
setting of all scales through the use of two single-
mounted potentiometers. The Ohms Adjust control
is used to calibrate the meter before resistance
is measured.

The meter face contains a zero adjustment
screw by which the meter can be mechanically
preset to true zero. Thid screw is located directly
below the face glass, and should be adjusted prior
to warmup. If necessary to re-adjust, do so with
all probes disconnected and the function switch in
the mils position. ,

It is sometimes necessary to isolate both test
jeads, of test equipment from ground when meas-
urements of voltages not referenced to ground
are required. (Such measurements are frequently
required in SINS and degaussing systems). There
are two common methods to aohieVe the desired
isolation. One method is by the use of a remov-
able ground strap, but only for instruments prz,
vided with this feature. An alternative nibthostlii
by the use of an isolation transformer__between -
the test- instruraelit'iiiiit terminals and the volt-
age source to be measured.

The chassis of some electronic test instru-
ments are connected to the instruments metallic
case via a removable ground strap, and the oase.

RR CABLE
ADAPTER

(COAXIAL TEE
CONNECTOR) IMPED42,gitlArHING

(COAXIAL TERMINATION PLUG)

HANDBOOK

ALLIGATOR
CUP

ORNND
LEAD

AC TEST PROD

AC TEST LEAD

OHMS-MILS TEST LEAD COMMON TEST LEAD DC TEST LEAD

Figure 3-10. Multimeter AN/138M 116.
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is then grounded to the ship's hull through the
portable power line cable. Removal of the ground
strap will then isolate both the chassis and the
test lead terminals from ground, but v ill not re-
move the recniirext safety ground connected to the
instrument's case. This will permit the instrument
to be used for measuring "floating" or "above-
ground" voltages without jeopardizing personnel
safety.

In instruments where the cheisis and metallic
cage are solidly connected, it will be necessary
to use an isolation transformer in the tad leaks
to isolate the instrument's grounded test lead
from the source being measured. Isolation trans-
formers are presently included in COSAL (Part
IIB, Group II, Section A) under SCAT Code 4642
for this purpose.

Never cheat 'the instrument's safety ground
connection to obtain ground isolation for your
test leads. This practice is not only unauth2riud,
butslega as well.

-

FREQUENCY MEASUREMENTS

\ Frequency measurements are often an essen-
tial part of preventive and corrective maintenance
for ectronic equipment. Rotation frequencies of
some mechanical devices must be determined.
The ou ut frequency of electric power generators
is checked when the engine is started and during
preventive maintenance routines.

The rotition frequency of rotating machinery
such as radar antennas, servomotors, and other
types of electric motors can be measured by the
use of a stroboscope. Stroboscopic methods com-
pare the rate of one mechanical rotation or vi-
bration with annt4 .r or with the frequency of a
fluctuating source of illumination. Tachometers
can be used to measure the rotation frequency of
armatures in electric motors, dynamotora, and
engine-driven generators.

The electrical output frequency of a-c power
generators can be measured directly by vibrating
reed', tuned circuit, or crossed -coil iron-vane
type meters. The vibrating reed device is the
simplest type of frequency meter, and has the
advantage of being rugged enough to be mounted
on generator control panels. It is also used to
check the line voltage in the shop to insure that
the proper frequency is supplied to the equipment
and/or test sets.

WHEATSTONE BRIDGE

A type of circuit that is widely used for pre-
cision measurements of resistance Is the Wheat-
stone bridge. The circuit diagram cr a Wheatstone

bridge is shown in figure 3-11 (A). R1, R;,, andR3 are precision variable resistors, and Rxis
the resistor whose unknown value of resistance is
to be determined. After the bridge has been prop-erly balanced, the unknown resistance may be
determined by means of a simple formula. The
galvanometer, G, is inserted across terminals
b and d to indicate the condition of balance. When
the bridge is properly balanced there is no differ-
ence in potential across terminals bd, and the
galvanometer deflection, when the switch is
closed, will be zero.

The operation of the bridge is explained in a
few logical steps. When the switch to the battery
is closed, electrons flow from the negative termi-
nal of the battery to point a. Here the current
divides, as it would in any parallel circuit, a part
of it passing through Ri and B and the remainder
passing, through R3 and Rx. The two currents,
labeled l and la , unite at point c and return to
the positive terminal of the battery. The value of

depends on the sum of resistances RI and R% ,
and the value of depends on the sum of resist-
ances and Rx. In each ease, according to Olun's
law, the current is inversely proportional to the
resistance.

Rl , R2 , and Its are adjusted so that when the
galvanometer switch is closed there will be no
deflection of the needle. When the galvanometer
shows no deflection there is no difference of po-
tential between points b and d. This means that
the voltage drop (Es) ) aoross Ri , between points
a and b, is the stone as the voltage drop (E3)
across R3, between points a and d. By similar
reasoning, the voltage mops across 1:ta and Rx1,-
that is, E and Ex are also equal. Expressed
algebraically,

or

and

or

El Ps E3

11 Rt ° Ia R3
E2 is Ex

I R2 .13 RX
Dividing the voltage drops across R and R3

by the respective voltage drops across R2 and Rx,
I2R3

Simplifying, ; la Rx

Therefore,

3.11
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(A)
SCHEMATIC WHBATSTONE-BRIDGE CIRCUIT

R2

L i

RI

L2
R3

I

( 8)
SLIDE-WIRE BRIDGE

Figure 3-11.Wheatstone bridge circuit.

The resistance values of Fti , R2 , and It are
readily determined from the markings on the
standard resistors, or from the calibrated dials
if a dial-type bridge is used.

The Wheatstone bridge may be of the slide-
wire type, as shown in figure X11 (B). In the
slide-wire circuit, the slide-wire (b to d),corre-
sponds to RI and R, of figure 3-11 (A). The wire
may be an alloy of uniform, cross section; for
example German silver or nichrome, having a

8E121

resistance of about 100 ohms. Point a is estab-
lished where the slider contacts the wire. The

'bridge is balanced by moving the slider along
the wire.

The equation for solving for Rx in the slide-
wire bridge of figure 3-11 (B), is similar to the
one used for solving forIRx in figure 3-11 (A).
However, 'in the slide-wire bridge the length 14,
corresponds to the resistance R1 , and the length
La corresponds to the resistance R3 Therefore,

3.12
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L1 and L, may be substituted for IZ and R3 in
the equatfon. The resistance of Li and 14 varies
uniformly with slider movement because in a wire
of uniform, cross section the resistance varies
directly with the length; therefore the ratio of the
resistances equals to the corresponding ratio of
the lengths. Substituting 14 and L2 for I., and
B3

R. = 1-?441

A meter stick is mounted underneath the
slide-wire and Li and are easily read in
centimeters. For exam , if a balance is ob-
tained when Ra. = 1 ohms, L1 = 25 cm. and
La = 75 cm., the unknown resistance is

75
Rx = x 150 = 450 ohms

25 .

CATHODE-RAY OSCILLOSCOPE

The most versatile piece of test equipment
that a technician has at his disposal is the Cath-
ode-Ray Oscilloscope (CRO). This device gives
a visual presentation . of any voltage waveform
present in a circuit.

The oscilloscope permits many character-
istics of a circuit to be observed and measured.
Some of these are: (1) frequency of operation; (2)
duration (or time) of occurrence of one or more
cycles; (3) phase relationships between voltage
waveforms appearing at different points in the
circuit; (4) shape of the waveform; and (5) am-
plitude of the waveform.

HORIZONTAL

DEFL ECTION

AMPLIFIER

HORIZONTAL 0-0
INPUT

EXT. SYNC
SIGNAL

VERTICAL
SIGNAL
INPUT

The oscilloscope is used for frequency com-
!'parison, percentage of modulation checks, and

many other applications. '-

BASIC OSCILLOSCOPE

The principal components of a basic oscillo-
scope include a cathode-ray tube (CRT); a sweep
generator; deflection amplifiers (horizontal and .

vertrcal): a power supply; and suitable controls,
switches, and input connectors for proper opera-
tion. Figure 3-12 shows the block diagram of a
basic oscilloscope.

The horizontal and vertical deflection ampli-
fiers increase amplijde of the input voltage to
the level necessary for deflection of the beam.
The sweep generator supplies.-e sawtooth voltage
to the input of the horizontal amplifier. The power
supply provides d-c voltages for operation of the
amplifiers -aad CRT.

The cathode-ray tube is the heart of the oscil-
loi3Cope. The CRT contains an electron gun, a
deflection system, and a screen inside an evacu-
ated glass envelope. The electron gun is an ar-
rangement of tube elements to introduce electrons
into the envelope, accelerate them, and focus
them into. a narrow beam. The deflection system
controls position of the narrow beam ofelectrons
arriving at the screen. The screen is a chemical
phosphor that converts the energy of electrons
into ligit. Figure 3-13 shows construction of a
cathode-ray tube.
Deflection

The deflection system, electrostatic in tilts
type of cathode-ray tube, consists of two pairs

SWEEP

GENERATOR

VERTICAL

DEFLECTION

AMPLIFIER

POWER
SUPPLY

Figure 3-12. Block diagram of basic oscilloscope.

3-13
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20.320
Figure 3- 13. Construction of a cathode ray tube.

of metal plates, mounted at right angles to each
other, and placed inside the neck of the CRT:,
Figure 3-13 shows the location of the plates.
When a difference of potential is applied to the
plates, an electrostatic field is developed between
the plates. This field acts upon the beam of energy
and controls the point at which it will arrive at
the screen. Figure 3-14 shows a simplified ar-
rangement Of the front screen and deflection
plates for explanatory purposes.

In figure 3-14A, all plates are at the same
potential and no field exists to act uponthe beam,
so the beam arrives gt the center of the screen.

A

In figure 3-14B, a positive potential is applied to
the top plate, resulting in beam movement towards
the top of screen. The greater the amplitude of
positive potential, the farther. thb beam moves
away from the center toward the positive potential.

In figure 3-14C, a positive potential is applied
to the bottom plate and the beam moves towards
the bottom of the screen. In figure 3 -14D the
potential is applied to the right horizontal ddflec-
tion plate, and the beam moves' correspondingly.
In figure 3-14E, the potential is applied to the

. left horizontal deflection plate and the beam moves
left. In figure 3-14F, positive potentialls ap-
plied to the left horizontal deflection plate and
the top vertical deflection plate causing beam
move..lent to the upper left. By controlling the
amplitude of voltage on one plate with respect
to the others, the beam can be positioned.

In a practical oscilloscope deflection ampli-
fiers replace batteries. In many circuits, the
voltage waveform to be-examined does not have
sufficient ampliOde -to cause beam movement
across the screen. Deflection amplifiers increase
the voltage waveform amplitude, without changing
its shape, to a level necessary for deflection.

In figure 3-15, with a, sine wave appliedoto the
vertical signal input terminal, the vertical deflbc74
tion amplifiers amplify this signal and deliver

B C

Figure 3-14.--Simplified CRT be

3-14
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179.20
Figure 3-15. Vertical deflection.

two sine waves of opposite polarities to the ver-
tical deflection plates. (How two sine waves were
developed will be explained later.) This will re-
sult in beam movement up and down at a rate
determined by the sine wave frequency. Usually,
this beam movement is so rapid that the eye
cannot follow it, and instead the eye sees just a
bright vertical line.

Since the beam has negligible mass, it re-
sponds to peak-to-peak excursions of the sine
wave. By marking a faceplate in inches or centi-
meters, the oscilloscope can be calibrated with
a knywn voltage before applying thlt sine wave.
and tilt th the sine wave applied, is amplitude
can ty- 11 ated.

Figure 3-16 shows a CRT with a vertical line
drawn 8 centimeters long with 1 centimeter grad-
uations. Assuming a 1 volt peak-to-peak signal
moved the beam 1 cm, the amplitude of the verti-
cal trace shown would be 3 volts peak-to-peak.

Since a voltage waveform is a graphical pre-
sentation of a voltage varying with respect to
time, it is desiraiile that the oscilloscope gives
this type of presentation. To accomplish this, a
voltage is applied to the horizontal deflection
plates and varied in such a manner as to move
the beam at a linear rate from left to right, and
then return the beam back to the left side as
rapidly as 'possible. A sawtooth waveform is
used for this purpose, and it is developed in the
sweep generator section of the oscilloscope.
Figure 3-17 shows a sawtooth waveform. The
horizontal axis represents time, in seconds, while
the vertical axis represents amplitude in volts.
The values assigned were arbitrarily chosen to
demonstrate a linear rate of change.

At the end of 1 second, the amplitude has risen
to 10 volts In this example, for a linear rate of
change to occur, the amplitude of the sawtooth

should increase 10 volts for each 1 second in-
crease in time.'Thus, at the end of 2 seconds,
the amplitude should be 20 volts, and at the end
of 3 seconds, the amplitude should be 30 volts.

Figure 3-18 shows the results of applying ix
sawtooth -waveform to the horizontal deflection
plates. At the start of the sweep, the beam is at
the left side of the screen. As sawtooth amplitude
increases, the beam moves to the right until the
sawtooth reaches its maximum amplitude. At this
time, the sweep is ended, sawtooth amplitude drops
down rapidly, pulling the beam back to the left.
This action continues to repeat at a frequency de-
termined by the sweep generator. This sweep, or
base line, is referred to as the "time base."

During the brief period that the sawtooth\ is
pulling the beam back to the left side of the screen,
called the retrace or flyback time,no useful in-
formation is displayed. Therefore, the oscillo-
scope contains a circuit (the blanking circuit) that
turns the beam off during flyback time so that
this portion of the cycle is not seen.

Figure 3-19 shows results of applying a saw-
tooth to the horizontal deflection plates and a sine
wave to the vertical deflection plates. As the saw-
tooth moves the beam from left to right, the sine
wave simultaneously acts upon the beam to pull
it up and down. The combined result of these two
actions is the visual reproduction of the sine wave,
with the vertical axis representing the amplitude
of the sine wave, and the th:. Lontal axis repre-
senting the duration, or time, of the sine wave.

Notice the necessity of applying a sawtooth
waveform to the horizontal deflection plates. If
any other waveform were use, such as a sine

179.21
Figure 3-16.Calculating voltage amplitude with

calibrated faceplate.
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Figure 3-17.Sawtooth waveform.

wave, the beam would not move at a constant or
linear rate from left to right, and the waveform
applied to the yertical deflection plates would
not be faithfully reproduced.

There is a definite relationship between the
frequency' of the signal applied to the vertical
deflection plates and the frequency of the saw-
tooth. Figure 3-20 illustrates this relationship.
Figure 3-20A ,shows the sine wave and the saw-
tooth operating at the same frequency. Recall
that during retrace the beam is cut off (blanked),
therefore a full cycle of the sine wave cannot be
observed. Figure 3-20B shows the results when
the sine wave is twice the frequency of the saw-
tooth. Now one full cycle can be observed. In
operating the oscilloscope, it is usually best to
set the operating controls so that a minimum of
two cycles of the input waveform may be viewed.
This is done by setting the sweep generator (time-
base) frequency to' a lower frequency than the
vertical input signal. '

Just as the vertical axis can be calibrated to
measure amplitude, \the horizontal axis can be
calibrated to measur time. In figure 3-21, the
horizontal axis is gr dilated in centimeters. By
knowing the frequenc of the. sweep generator,
the time of one cycle Qf the input waveform can
be calculated. Suppose he frequency of the sweep
generator is 1 Hz, and the, horizontal scale is
1.0 cm wide with 1-c graduations. The time
required for one sawtoo to move the beam from
left to right (10 cm) is:

1 1

t = . second.
f 1

TIME I

1-

179.23

Figure 3-18.Horizontal deflection.

Each centimeter then, in time, is 1/10 = 0.1
second. Since one cycle of the input sine wave
shown in figure 3-31 occupies .5 cm, the time
is: 5 x 0.1 = 0.5 seconds; and the frequency is:
f = 1/t = 1/0.5 = 2 Hz.

Rather than mark the faceplate with gradua-
tions, oscilloscope manufacturers provide sepa-
rate plates of glass or plastic that are accurately
marked and mounted on the oscilloscope in front
of the CRT. These plates are called graticules.

Controls

Figure 3-22 is a drawing of the front panel of
a general purpose oscilloscope, Oscilloscopes

3-16
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179.24
Figure 3-19.Sinewave reproduction.
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Figure 3-20. Relationship between horizontal and vertical signal frequencies.

vary greatly in the number of controls and con-
nectors. Usually, the more controls and connec-
tors, the more versatile is the instrument. Re-
gardless of the number, all oscilloscopes have
similar controls and connectors, and once the
operation of these are learned, the technician can
move with ease from one model oscilloscope to
another. Occasionally identical controls will be
differently labeled from one model to another,
but most controls are logically grouped, and the
names are indicative of their functions.

The POWER switch may be a toggle, slide, or
rotary switch, and it may be mounted separately
or on a shaft that is common to another control,

5 cm

179.25
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Figure 3-22. Typical basic oscilloscope.

such as the intensity control. Its function is to
apply the line voltage to the 'power supply.

The INTENSITY (sometimes calledbrightness
179.26 or brilliance) control adjusts the brightness of

Figure 3-21.Calculating frequency with the beam on the CRT, and is a rotary control.
graticule. The control is turned clockwise to increase the

3-17
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Figure 3-23. Focus extremes.

intensity of the beam and should be adjusted to
a minimum brightness level for comfortable
viewing.

The FOCUS control is a rotary control that
adjusts the spot (beam) size. Figure 3-23 shows
the in-focus and out-of-focus extremes. In figure
3-23A, no deflection is applied and the beam is
centered, but out of focus. The focus control is
adjusted to give a small, clearly defined, circular
dot, as. shown in figure 3-23B. In figure 3-23C,
horizontal deflection is applied with the focus
control misadjusted. The focus control is adjusted
to give a thin, sharp line as in figure 3-23D.

179.27

The HORIZONT:-.L POSITION and VERTICAL
POSITION controls are rotary controls used to
position the trace. Since the graticule is often
drawn to repiesent a graph, some oscilloscopes
have the positioning controls labeled to corre-
spond to the "X" and "Y" axis of the graph.
The "X" axis represents the horizontal move-
ment while the "Y" axis represents the vertical
movement. Figure 3-24 shows the effects of the
positioning controls .on the trace.

In figure 3-24A, the horizontal control has
been adjusted to move the trace too far to the
right while in figure 3-24B the trace has been
moved too far to the left. In figure 3-24C, the

E

179.28
Figure 3-24. Trace positioning.
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vertical positioning control has been adjusted
to move the trace too close to the top while in
figure 3-24D, the trace has been moved too
close to the bottom. Figure 3-24E shows the
trace properly positioned.

The vertical INPUT (or "Y" INPUTor SIGNAL
'INPUT) jack connects the desired signal to be

examined to the vertical deflection amplifiers.
On some oscilloscopes, there may be two input
jacks, one labeled AC and the other labeled DC.
Other models may have a single input jack with
an associated switch to select the AC or DC con-
nection. In the DC position, the signal is connect-
ed directly to the vertical deflection amplifiers
while in the AC position the signal is fed through
a capacitor first. Figure 3-25 shows the sche-
matic of one arrangement.

The deflection amplifiers increase the ampli--
tude of the input signal level required for the
deflection of the CRT beam. These amplifiers
must not have any other effect on the signal, such
as changing the shape (called distortion). Figure
3-26 shows the results of distortion occurring in

deflection amplifier.
An amplifier can handle only a limited range

of input amplitudes before it begins to distort the
signal. To prevent this, oscilloscopes incorporate
circuitry to, permit adjustment of the input signal
amplitude to a level that will prevent distortion
from occurring. This adjustment is the ATTEN-
UATOR control. This control extends the useful-
ness of the oscilloscope by enabling it to handle
a wide range of -signal amplitudes.

The attenuator usually consists of two con-
trols. One is a multi-position switch and the
other is a potentiometer (fig. 3-27). Each posi-
tion of the switch may be marked; (1) as to the
amount of voltage required to deflect the beam
a unit distance, such as volts/cm, or (2) as to
the amount of attenuation given to the signal,
such as 100, 10, or 1.

In the first case, suppose the .05 volt/cm
position were selected. In this position, the beam
will be deflected vertically 1 centimeter for every
.05 volts of applied signal. If a sine wave occupied
4 cm peak-to-peak, its amplitude would be 4 x
.05 = .2 volts pk/pk (refer to fig. 3-28).

The attenuator switch provides a means of ad-
justing the input signal level to the amplifiers by
steps. These steps are in a definite sequence,
such as 1-2-5 as shown in figure 3-27. Another
sequence used is 1-10-100. The potentiometer
control provides a means of fine, or variable,
control between steps. This control may be
mounted separately or it may be mounted on the
attenuator switch. When the control is mounted

DC

VERTICAL _/P
INPUT

VERTICAL

DEFLECTION

AMPLIFIER
CRT

179.29
Figure 3-25. Vertical input arrangement.

separately, it is often marked as "Fine Gain"
or simply "Gain." When mounted on the attenu-
ator switch, it is usually marked "Variable,"
with the panel markings and knob of a different
color for ease of identification.

The variable control adds attenuation to the
switch step that is selected. When the control

DEFLECTION

AMPLIFIER
OUTPUT

179.30

Figure 3-26.Deflection amplifier distortion.

is turned fully counterclockwise, it is at the
minimum gain, maximum attenuation setting.
Since it is difficult to accurately calibrate a
potentiometer, the variable control is either
left unmarked, or the front panel is arbitrarily
marked off in some convenient units (e.g., 1-10,
1-100). The attenuator switch, however, can be

STEPP ED
ATTENUATOR

VARIABLE
ATTENUATOR

Figure 3-27. Attenuator control.
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179.32
Figure 3-28.Sinewave attenuation.

accurately calibrated to the front panel designa-
tions. To do this, the variable control is turned
fully clockwise to cut it out of the attenuator
circuit, and this position is usually marked CAL
(calibrate) on the panel.

As mentioned previously, the sweep generator
devlops the sawtooth waveform that is applied
to the horizontal deflection plates of the CRT.
This sawtooth causes the beam to move at a linear
rate from the left side of the screen to the right
side. This trace, or sweep, is the TIME BASE
of the oscilloscope. To enable the oscilloscope
to accept a wide range of input frequencies, the
frequency of the time base is variable. Again,
two controls are used. One is a multi-position
switch that changes the f-equency of the sweep
generator in steps, and the second control is a
potentiometer that varies the frequency between
steps (fig. 3-29). The switch has each step cali-
brated and the front panel is marked TIME/CM.
A 1-2-5 sequence is used for numbering the
switch positions and the front panel has markings
that group the numbers into microseconds (0),
milliseconds (ms), and seconds (SEC).

The potentiometer is labeled variable and the
panel is marked with an arrow indicating the di-
rection to turn the pot to the calibrated (CAL)
position. When it is desired to accurately measure
the time of one cycle of an input signal, the vari-
able control is turned to the CAL position and
the TIME/CM switch is turned to select the ap-
propriate time base. Suppose the 5 msec )osition
was chosen and -two cycles of an input signal were
being displayed as shown in figure 3-30. One
cycle occupies 5 centimeters along the horizontal
axis. Each cm is worth 5 sec in time, so the
time of one cycle equals 5 x 5 = 25 oecs. Fre-
quency may be found by using f =1 /t.

179.33
Figure 3-29. Time base control.

In selecting a time base, remember that it I

should be lower in frequency than the input signal. /
If the input signal requires 5 oec to complete)
one cycle, and the sawtooth is set for 0.5 oecAlmi
with a 10 cm wide graticule, approximately on
cycle will be displayed. If the time base is s t
for 1 Asec/cm, approximately two cycles will be
displayed. If the time base is set at a freque Cy
higher than the input frequency, only a part of
the input signal will be displayed.

In the basic oscilloscope, the sweep generator
runs continuously (free- Aiming) while in the More
elaborate oscilloscopes, it is normally turned off.
In the oscilloscope shown in figure 3 -22, the sweep
generator requires a signal from some source to
start (trigger) it. This type of oscilloscope is
called a "Triggered Oscilloscope." The triggered
oscilloscope permits more accurate time meas-

3-2(60

Figure 3-30. Time measurement.
179.34
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urements to be made and gives a more stable
presentation.

Front panel controls are provided to permit
the selection of the source and polarity of the
trigger signal and the amplitude. In addition, pro-
vision is usually made to adjust the sweep gener-
ator to free-run. These controls are the TRIG-
GERING and LEVEL controls. The TRIGGERING
control is a multi-position switch and the LEVEL
control is a potentiometer.

The TRIGGERING control chooses the source
and polarity of the trigger signal. The source may
be LINE, INTERNAL, or EXTERNAL, and the
polarity selected may be negative (-) or positive
(+). When LINE is selected, the power line fre-
quency (e.g., 60 Hz) is the trigger frequency.
When internal (INT) is selected, part of the input
signal is tapped off from the vertical deflection
amplifiers, and the input signal frequency is also
the trigger frequency. Ift. external (EXT),a front
panel binding post is connected through the switch
to the sweep generator circuit, and a signal from
any external source that is appropriate may be
connected to the binding post.

The LEVEL control sets the amplitude level
that the triggering signal must exceed to start
the sweep generator. With the stability control
misadjusted, or no signal available for triggering,
the oscilloscope screen will be blank. When the
level control is fully counterclockwise, it is in a
position marked AUTO. In this position the sweep
generator will be free-running. As the level con-
trol is turned slowly clockwise, the trace will
disappear from the CRT. Continue turning the
control clockwise until the trace reappears, and

... then stop turning. At this point, there will be a
stable presentation on the screen.

The triggering and level controls are used to
synchronize the sweep generator with the input
signal. This gives a stationary waveform display.
If they are unsynchronized, the pattern tends to
jitter or move across the screen making obser-
vation difficult.

Most oscilloscopes provide a test signal to a
front panel connector. This signal may be a few
volts a-c tapped from the power transformer, or
it may be an accurately calibrated square wave.
There may be just one panel connector with only
one amplitude of voltage available, or there may
be several connectors, each providing a different
amplitude signal. Some models provide one con-
nector with a switch to select any one of a wide

range of amplitudes. The connector, or connec-
tors may be labeled TEST SIGNAL, LINE, or
VOLTAGE CALIBRATOR. The oscilloscope in
figure 3-22 uses three jacks 'labeled VOLTAGE
CALIB, with the output amplitude of a square
wave marked over each jack. The voltages avail-
able are 5 volts, 0.5 volts, and 0.05 volts peak-
to-peak, The voltage calibrator provides a known
reference voltage for checking the calibration of
the VOLTS/CM control. As an example, suppose
the VOLTS/CM control is set to the 1 VOLT/CM
position and the VARIABLE control is in the

Figure 3-31.Calibration check.
179,35

calibrated position. With the 5 volt calibrated
waveform connected to the vertical input terminal.
the presentation should occupy 5 centimeters in
height as shown in figure 3-31.

Most Oscilloscopes provide a means of con-
necting an external signal to the horizontal de-
flection amplifiers in place of the sawtooth from
the sweep generator. In figure 3-22, when the
TIME/CM control is rotated fully clockwise to
the position marked EXT (external), the sweep
generator will be disconnected from the horizon-
tal deflection amplifiers, 'and a front panel binding
post (HORIZ.) will be connected to the input of
the amplifiers. A signal may now be connected to
this binding post. The VARIABLE TIME/CM con-
trol becomes an amplitude (gain) control to pro-
vide a means of controlling the width of the trace
when a signal is applied. With no signal applied
to the vertical or horizontal input connectors, a
small, stationary dot will be present on the CRT.
CAUTION: this dot should not be allowed to re-
main on the CRT. Either a signal should be ap-
plied to one of the inputs, or theINTENSITY con-
trol should be turned counterclockwise until the

3-21
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dot disappears. Once 'a signal is applied, the in-
tensity may be turned back up to view the trace.
If the dot is allowed to remain on the CRT, it
will damage the chemical coating and necessitate
the replacement of the CRT.

The horizontal input provides a means of
connecting a second signal for the purpose of
comparing the phase or frequency difference
with respect to a signal applied to the vertical
input. The resultant display on the CRT is called
a LISSAJOUS figure.

Figure 3-32 shows the resultant pattern, and
how it was formed, when two sine waves of the
same frequency, but differing in phase by 90 de-
grees, are applied to the vertical and horizontal
inputs. Notice that the pattern is a circle. Figure
3-33 shows the patterns that will result from
various sine waves differing in phase. For accur-
ate measurements, both signals should be the
same amplitude on the screen. This is accom-
plished by applying only one signal at a time and
adjusting.the respective gain control.

Figure 3-34 shows the pattern that will result
from applying a sine wave to the vertical input,
at twice the `frequency of a sine wave applied to
the horizontal input. To determine the actual fre-
quency, one of the input frequencies must be
known, otherwise the only information that will
be obtained is the ratio of the two frequencies.

Using lissajous figures to determine an un-
known frequency is accomplished by first estab-
lishing a ratio. This is done by counting the num-
ber of times the pattern touches ahorizontal line,
A in figure 3-34, and the number of times the
pattern touches a vertical line, 13 in figure 3-34.
Id this example, the rptir, is 2:1. aild represents

179.36

Figure 3-32. Forming a lissajous pattern.

179.37

Figure 3-33. Phase difference lissajous
patterns.

the ratio of the vertical frequency to the hori-
zontal frequency. If the horizontal frequency was
known to be 1 kHz, then the vertical frequency
would be 2 kHz. The number of patterns that may
be obtained is quite varied, and range from the
simple to the complex.

The ILL UM (illuminate) control turns on sever-
al small light bulbs mounted around the edge of
the graticule making the 'lines visible so that
measurements of the displayed signal can be made
easily.

2 kHz

VERTICAL
INPUT

1 kHz

HORIZONTAL
INPUT

179.37
Figure 3-34. Frequency ration lissajous

pattern.
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The DC BAL (balance) control is a screwdri-
ver adjustment to prevent the whole trace from
shifting vertically as the VARIABLE VOLTS/CM
control is turned through its range. This control
may be mounted on-the front panel or it may be
a service adjustment located inside the oscillo-
scope. This control, once set, only requires ad-
justment at periodic intervals, not every time the
oscilloscope is used.

The STABILITY control is an adjustment that
works in conjunction with the LEVEL control to
provide a stable display. On the model in figure'
3-22 it is a screwdriver adjustment and normally
requires no adjustment by the operator. On more
advanced oscilloscopes, it is a knob adjustment.

MAO OFF MAC ON

179.38
Figure 3-35.--5 X MAG presentation.

The 5X MAG (magnifier) essentially expands
the sweep. When the magnifier is turned on, it
increases the sweep speed by a factor of five. If
the TIME/CM control were set at 1 millisecond,
and then the 5X MAG turned on, the new sweep

1 msec
speed would be: = 0.2 msec.

5
The magnifier permits the operator to examine
more closely one cycle of a group of cycles rapid-,
ly, without necessitating the resetting of the
TIME/CM control. Figure 3-35 shows the visual
presentation with the magnifier off and then turned
on. On the oscilloscope in figure3-22 the 5X MAG
is turned on by pulling the horizontal positioning
control straight out.

Ope ration

The oscilloscope is one of the many tools that
a technician uses for troubleshooting. Before
using the oscilloscope, a check should b made
to verify that it is in good operating condition.
If the oscilloscope is faulty, it will give false
readings and the technician will find himself
wasting many hours trying to find a trouble
where none exists.

The technician should also be familiar with
the operation and limitations of the oscilloscope
available. Misadjusting controls will cause false
readings to be obtained. Attempting to take meas-
urements in a circuit operating beyond the capa-
bilities of the oscilloscope will give falseread-
ings, and may even result in the instrument being
damaged. When using an oscilloscope for the first
time, consult the technical manual for that partic-
ular equipment to determine the correct opera-
ting procedure and any limitations.

Since the oscilloscope provides a visual dis-
play which is affected by the manipulation of the
controls, and usually has its own built in test
signal source, its operating condition can be
checked rapidly.

For the initial setup of the oscill scope in
figure 3-22,' the controls should be set as listed
below:

POSITION, FOCUS, Alb in the center
INTENSITY controls : of their range

of rotation
TRIGGERING : INT +
LEVEL : AUTO
TIME/CM : 1 msec
'VARIABLE : CAL
POWER : ON

Allow approximately two minutes for the in-
strument to warm up. After the warm up period,
a trace should be visible. Turn the positioning
controls, one at a time, to see if the trace can
be moved to the edges of the CRT face, and then
center the trace. Adjust the intensity control for
comfortable viewing, and the focus control for a
thin, well defined line.

Turn the VOLTS/CM control to the 0.02 posi-
tion and 'the VARIABLE control to CAL. Connect
the 0.05 volt output from the voltage calibrator
to the vertical input. Turn the LEVEL control
from the AUTO position. As this is done, the
trace will disappear. Continue turning until the
trace reappears. The display should be a stable
display of several cycles of a square wave, 2.5
centimeters in height. Disconnect the lead from
the voltage calibrator. The equipment is now
ready for use.

Before connecting a signal to the input termi-
nal, turn the input attenuator (VOLTS/CM) to the
highest attenuation setting (10 volts/cm). Connect
the input signal and rotate the attenuator control
until the display occupies approximately 2/3 of the
screen height. 'Adjust the time base and level con-
trols to select the desired number of cycles of the
input and stabilize the display.

3t3
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OUTPUT OUTPUT
ATTENUATOR

Figure 3-36. Representative audio signal generator.

AUDIO SIGNAL GENERATORS

Audio sienal generators produce stable fre-
quency signals from about 20 hertz to 200,000
hertz. They are used primarily for testing audioi
sections of equipment. The major components of
an audio signal generator are an oscillator (or
oscillators), one or more amplifiers, an output
control and a power supply. In addition, voltage
regulator circuits are necessary to ensure sta-
bility of the oscillator, because the a-c line volt-
age sources may vary.

A representative audio frequency signal gen-
erator is shown in figure 3-36. This unit is in-
tended primarily for bench testing of electronic
equipment. It operates from line voltage (115
v.a.c.) and produces the output frequencies over
a continuous range in conjunction with a four
position multiplier.

Any frequency from 20 to 200,000 Hz may be ,

selected by setting the main tuning dial and the
range switch so that the two readings, when mul-
tIplied together, equal the desired frequency. For
example, to select an output frequency of 52,000

179.17

Hz, set the main tuning dial to "52" and the range
switch to "X1000". Voltages from zeroto 10 volts
may be selected by using the "OUTPUT LEVEL"
control in conjunction with the attenuator switch.,
The attenuator is calibrated in seven decade steps
so that with the output meter set to 10, output volt-
ages of 10 volts to 10 microvolts can be obtained
by simply switching the attenuator. For interme-
diate values of output voltage, the "OUTPUT
LEVEL" control is varied no that the output
meter reads the desired voltage. The attenuator
switch is then set so that its value, multiplied
by the output meter reading, gives the desired
output voltage level. For example, to obtain an
output voltage of 0.04 volts set the meter by
means of the 'OUTPUT LEVEL" control to read
4 and set the "ATTENUATOR" switch to the
".01" position. The output voltage will then be
the meter reading multiplied by the attenuator
setting, or 0.04 volts.

c.,

Oscillator frequency calibration may 'be.
checked, during operation, on the first two bands,

3-24 64
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CALIBRATE ADJUST CONTROL

OPERATE-CALIBRATE SWITCH

!:ViSITIVITY CONTROL
OFF -

STD BY-ON
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INPUT
CONNECTOR

Figure 3-37.Digital voltmeter, model 481.

by means of the built-in frequency meter. To
. check the operation of the oscillator at 60 Hz, set

the main tuning dial to "60" and the "RANGE"
switch to "Xl." This sets the frequency of the
oscillator at 60 hertz. Turn the "FREQUENCY
METER" switch on and move the main dial back
and forth slightly until the reed vibrates with
maximum amplitude. This point is rather criti-
cal, and care must be used to see that the point
of maximum response is located. The main tuning
dial should indicate "60" within one division, if
the frequency calibration is correct. Similarly,
the output frequency may be checked at 400 hertz,
by means of the 400 hertz reed in the frequency
meter.

DIGITAL VOLTMETER, MODEL 481

The Digital Voltmeter, Model 481 (fig. 3-37)
measures d-c voltages and presents the measured
value directly in numerical form on a self-illumi-
nated 4-digit readout. The digital voltmeter is
essentially a self-balancing potentiometer. Range
changing is automatic. The polarity sign anddeci-
mal point are also automatically displayed. Ac-
curacy is +0.01 percent over the three ranges
which are 0 to +9.999,+10.00 to+99.99, and +100.0
to +999.9 Volts.

151.104

BALANCED POTENTIOMETER CIRCUIT

In order to understand the operation and cali-
bration of a voltmeter of this type, it is first
necessary to understand how the device accom-
plishes the measurement function. Consider the
basic circuit shown schematically in figure 3-38.
If an unkr awn voltage is applied at the input ter-
minals and a variable divider adjusted until the
voltage E0 is equal in magnitude to the unknown
voltage, zero current will flow through the gal-
vanometer. This condition is called balance. Note

VARIABLE
VOLTAGE
DIVIDER

GALVANOMETER

UNKNOWN
INPUT

VOLTAGE

+ REFERENCE
VOLTAGE

E

151.105
Figure 3-38.Basic operation principles Of a

digital voltmeter.
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that in the balanced condition no current is drawn
from the input (circuit under test). The unknown
voltage can be computed from the formula:

Unknown voltage = x reference -voltage.
Ft% +R2

OP If the polarity of the unknown voltage is re-
versed, the polarity of the reference voltage
must also be reversed in order to obtain balance.

\ The galvanometer pointer will travel in a direc-
`, tion opposite to that just treated, increasing its

displacement from zero (center position) as the
magnitude of the unknown voltage increases.

To measure the absolute value of the unknown
voltage, the reference voltage must be known. In-
stead of accurately measuring the reference volt-
age directly, it can be adjusted to the proper value
if an accurately known voltage is available for use
as a calibration reference. Using! this method, a
standard cell 'Jig. 3-39) of known voltage is con-
nected in place of the unknown voltage. The vari-
able voltage divider dial reading (not shown) is
set to this known voltage, and the voltage across
the variable voltage divider is adjusted by means
of rheostat , Ftc, to obtain balance. The potentio-
meter is now calibrated, or standardized, and
ready for-use as an absolute voltage-measuring
device.

DIGITAL VOLTMETER

Basically, the operation of the digital volt-
meter (fig. 3-40) is the same as the operation of

VARIABLE
VOLTAGE
DIVIDER

GALVANOMETER

REFERENCE
VOLTAGE

Ur MOWN
INPUT

VOLTAGE

+ STD
CELL

CALIBRATED DIAL REFERENCE
SUPPLY

151.106
Figure 3-39. Potentiometer with calibration

rheostat.

the balanced potentiometer just discussed. The
main difference is that instead of the balance
being achieved manually it is done automatically
through the use of an error detection circuit which
controls the operation of a series of stepping re
lays or switches.

There are five stepping relays. One automati-
cally selects the proper range (attenuation) and
polarity (reference voltage polarity), depending
on the amplitude and polarity of the input (unknown)
voltage. The other four relays automatically sec
lect the proper magnitude of feedback voltage sb
as to achieve a balance between it-and the range
output voltage.

Whenever a balance is achievedthat is,
whenever feedback voltage and the range output
voltage are equal in polarity and magnitudeall
switching action stops. The readout device then
gives an illuminated digital readout of the magni-
tude and polarity of the unknown voltage, accurate
to within +0.01 percent.

To eliminate unnecessary switching when the
magnitude of the unknown voltage is such as to
cause tl' X10 or X100 range to be selected, a
lockout device is incorporated into the switching
logic. This causes the most sensitive range to be
selected first, and ir.eVents the leftmost readout
from registering a zero.

POWER REQUIREMENTS

The digital voltmeter is designed to operate
from 105-to-125 or 210-to-25C volts, 60-Hz power
sources. Primary power requirements for this
instrument are satisfied by most nomir. ii 115 -.or
230-volt, 60-Hz power line input sources.

FRONT PANEL CONTROLS AND INDICATORS

The front panel controls and indicators for
the Digital Voltmeter Model 481 are shown in
figure 3-37.

OFF-STD BY-ON switch Ifigure 3-37) in the
OFF position disconnects primary power from
the voltmeter. The STD BY (Standby) position
permits the instrument to remain warmed up
while the stepping switches are turned off to
prevent needless operation. This position also
permits locking the reading (so that the displayed
information remains indefinitely) at any time.
The ON position of the switch fully enables the
meter after a 15 to 30 second operation delay,
controlled by a thermal timer (not shown).
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The operate-calibrate switch selects either
an operating or calibrating mode of operation for
the digital voltmeter.

The calibrate adjust control (located behind
a metal protective cap on the front panel) is used
to standardize the digital voltmeter when the
following steps are performed:

1. Set the sensitivity control to its full clock-
wise position.

2. Ensure that the error amplifier gain of
the instrument is properly set. To accomplish
this, hold the operate-calibrate switch in the
CA1,IBR6TE position and slowly turn the cali-
brate-adjust control in the counterclockwise di-
rection, stopping each time the meter changes
reading. The meter reading should change by
one digit each time. If the reading changes by
more than one digit, or exhibits instability, ad-
justment of the internal gain control is necessary.
(The gain setting procedure is described later.)
Repeat turning the calibrate adjust control count-
erclockwise until ten steps have been satisfactor-
ily completed. Once it has been ascertained that
the gain adjustment is proper, the instrument may
be accurately standardized as described in the
next paragraph.

While holding the operate-calibrate switch in
the CALIBRATE position, slowly turn the calibrate
adjust control in the clockwise direction until the
meter reads 1019, then stop. The meter is now
standardized ,

NOTE: The decimal point may appear in any
location during the standardization procedure
because the d-o voltage range change circuits
(which determines the position of the decimal
point) become deenergized during this operation.

The sensitivity control varies the gain of the
digital voltmeter. When measuring unstable volt-
ages, turn the control counterclockwise until the
meter settles at a fixed reading,,This reading will
ho as accurate as the unstable signal measure-
ment will allow. Always turn the sensitivity con-
trol fully clockwise for proper operation with
stable d-o voltages.

GAIN SETTING

For best results, the digital voltmeter should
be operated with the amplifier gain set for ad-
vancement in single digit steps. If the amplifier
gain is not high enough, the resolution of the meter
will be too low. On the other hand, excessively
high amplifier gain setting may cause instability
of the readout display. To set the amplifier gain,
proceed as follows:

1. Remove the cover over the calibrate adjust
control on the front panel. Hold the operate-cali-
brate switch (fig. 3-37) in the CALIBRATE posi-
tion.

2. After the usual readout has become stable,
use a screwdriver to slowly turn the calibrate
adjust control, R13 (fig. 3-41) in a counterclock-
wise direction. Observe the magnitude of the de-
crease in the readout display. If the value dis-
played decreases in steps of one digit and does
not become unstable, no adjustment of amplifier
gain is necessary. U slowly rotating the calibra-
tion control in a counterclockwise direction re-
sults in a decrease of two or more digits in the
rightmost window, the amplifier gain should pe
increased by slightly turning the amplifier gain
control, R20 (fig. 3-41) in a clockwise direction.
Again, observe the number of digits by which the
readout display decreases when the calibrate
adjust control, R13 , is slowly turned counter-
clockwise. Repeat the amplifier gain adjustment
if necessary, to obtain a readoutdisplay deoreitse
of one digit in the rightmost window. If instabil-
ity develops in the readout display, turn the am-
plifier gain control, R20, counterclockwise until
the instability just disappears and the readout
display decreases in steps of one digit in the
rightmost window as the calibrate adjust control,
R13, is slowly turned counterclockwise.

HUM CONTROL ADJUSTMENT

To adjust hum control, R58, (fig. 8-41) located
on the amplifier chassis, proceed as follows:

NOTE: Improper adjustment of the hum con-
trol will cause considerable error in calibration
accuracy. The hum control is accurately set at
the factory and should not be reset until it is
definitely determined to be out of adjustment.
Changing the input tubes can cause the hum con-
trol to become incorrectly adjusted. Be sure
that the input tube has been aged before resetting
the hum control.

1. Connect the chassis to ground (the third
pin on the power cord is connected to the chassis).
Turn on the digital voltmeter and allow a warmup
of 15 minutes. Connect an oscilloscope between
either of the two test points (fig. 8 -41) and ground.
Calibrate the oscilloscope in terms of one digit
error. To do this, turn the operate-calibrate
switch (fig. 3-37) to CALIBRATE and slowly turn
calibrate adjust control, R13, (fig. 8 -41) counter-
clockwise. Note the amount of error signal onthe
oscilloscope. This error is equivalent toone digit
if the gain is properly set (as described in the
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gain setting procedure), and the sensitivity control
is advanced fully cloclovise.

, 2. With the operate-calibrate switch' (fig.
3-38) set to opera*, short the input leads to ob-
tain a reading of +0.000. Set OFF-STD BY-ON
switch to STD BY. Remove the stepping switch

cover. Step rEinge-polarity switch, KIS (fig. 3-41)
by hand until the meter reads +00A. Replace
the stepping switch cover. Adjust/hum control
R53, for zero error signal as dis layed on the
oscilloscope. It is necessary th the stepping
switch cover, bottom plate, and fr, nt panel be in
position. The hum control is nos properly set.

VII V7 V 10 K7

TEST
POINTS

V5

R20

V4
R53

VI

V3

OVEN

V2 K6 R 3 RIB

Figure 3-41.Digital voltmeter, niodel 481, top interior view.
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3. Check the error signal for all ranges
(+( .00, Q.000, -000.0, -00.00, -0.000, and
+000.0), each time removing the stepping switch
cover, steppi range-polarity switch, K5, (fig.
3-41) by hand, And replacing the cover. Do Lot
readjust hum control, R53. The error signal for
all range positions should be less than ane-half
that allowable in changing from one digit to
another. If the error exceeds this amount, there
are two possible sources of trouble: (1) exces-
sive hum pickup and (2) excessive grid current
drawn by the input amplifier tube (not shown).
Check all shield and ground leads. Replace the

'input amplifier tube (type 5751).

NOTE: Do not substitute any other type tube.

'STANDARDIZATION ADJUSTMENT

The following standardization procedure is
necessary to ensure accurate readout (measure-
ments). Before making any adjustments, make
sure that the gain and hum controls are properly
set and that the digital voltmeter is 'onnected to
ground. Calibrate the voltmeter RE scribed in
the calibrate adjust procedure treated earlier.
Connect a bank of nine standard cells, each of
which has an, accuracy of at least 0.01 percent,
to the input. The meter reading should be correct
to within one digit.

NOTE: Be sure to take into account the inter
nal resistance of the standard cells. The digital
voltmeter has an input resistance of 10 megohms,
and a 9 volt signal will draw 0.9 microamperes.
If the reading is not correct, adjust potentiometer,
"R11, and repeat the entire procedure. (Potentio-
meter, all, is located slightly above and to the
right of the calibrate adjust control, R13, shown
in figure 3-41.)

FEEDBACK VOLTAGE LINEARITY
TEST

One of the several factors which may affect
the accuracy of digital voltmeters is the linearity
of the reference voltage divider Vig, 3-40). This
reference voltage divider supplies the feedback
voltage which is compared to the range output
voltage in order to get a readout, thus, any change
in its linearity (or accuracy) will affect the ac-
curacy of the readout. While several methods
have been devised for testing the linearity of
reference voltage dividers, the one described
below is found to be most satisfactory. (It is

assumed that the error amplifier gain is pro-
perly adjusted before the test is started.)

NOTE: In order to perform .this test, a
precision voltage divider having a resistance
of 1 megohm and an accuracy 5 to 10 times that
of the reference voltage divider is used as a
standard. The high resistance is necessary to
prevent excessive current drain from the refer-
ence supply.

Connect the input of the external precision
voltao. divider ';0 the input of the reference volt-
age aivider in the digital voltmeter. Disconnect
the wire from the arm of the operate-calibrate
switch. Connect the output of the external pre-
cision voltage divider to this terminal. (Observe
proper shielding and grounding rules.) Adjust
the standard divider at 00000. The visual readout
should display a zero in each window. Adjust the
standard voltage divider for 99990. The visual
readout display should display a 9 in each window.
These two readout displays must be obtained for
the indicated standard divider settings. If the
voltmeter displays digits other than those indi-
cated above for these two end points, an improper
circuit condition exists and must be located and
corrected before preceeding with this test.

Now set the standard divider for various read-
ings such as: .89990, .7990, .esso, ---- .08990,
.0790, ----, 00890, .00790, .00080,
.00070. Tho digital voltmeter readout should be
equal to the standard divider setting +1 digit.

One advantage of this method of testing voltage'
divider linearity is that reasonably large (20
percent) deviations in reference voltage from the
nominal value of reference voltage have no sig-
nificant effect upon test accuracy. This is true
because the same voltage is furnished to the input
of the reference voltage divider as well as the
input of the e;:ternal standard voltage divider.
Hence, for &vigil settings of the two voltage di-
viders, the output voltages should be equal.

RANGE UNIT ADJUSTMENT

The range unit will require scale factor read
justment only If the range unit resistors change
their ohmic value, or if the internal electrical
loading of the unit output taps changes. The vi-
justment method described below requires several
accurate voltage dividers and a stable d-c source.
This method permits accurate range unit scale
factor adjustment regardless of the inaccuracies
present in the digital voltage divider. This is be-
cause the voltage divider is always brought back
to the same position (same numerical display on
the voltmeter, ignoring decimal point location)
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when the correspondence of scale factors on each
range is checked.

As in any other test, proper shielding and
grounding techniques must be followed to prevent
electrical noise pickup from interfering with the
stability and resolution (:)f the digital voltmeter.
Also, in c4cking each range, best accuracy is
achieved ,Aen the test voltage used is as close
to full sale for that range as is practicable. The
precision voltage divider use$1 in the range unit
adjustment procedure must be compensated for
the electrical loading effect of the digital volt-
meter. The accuracy of the external voltage di-
vider should be five to ten times better than the
accuracy to which the range unit is to be adjusted.

Access to the range trim potentiometers re-
ferred to in the following paragraphs is gained
by removing the left-hand protective cap. on the
front panel (fig. 3-37). These potentiometers are
identified by 1000v and 100v on the printed circuit
range board.

Adjusting the 100-Volt Range Scale Factor

The following procedure is used:

1. Connect the input terminals of a 10-to-1
precision voltage divider to a stable source of
d-c voltage, approximately 95 to 99 volts.

2. Connect the input terminals of the digital
voltmeter under test to the input of the voltage
divide. Observe the readout display and wave-
form at the error amplifier test points.

3. Connect the input terminals of the volt-
meter to the output terminals of the voltage
divider. Observe the readout display and the
error amplifier waveform,

4. The 100 volt range is properly adjusted
when the readout display in step 3 is exactly

equal to one-tenth of the readout display observed
in step 2, (for example: 95.93 instep 2, compared
to 9.593 in step 3) and when the error amplifier
waveform amplitude and phase are similarto that
observed in step 2. If this correspondence is not
present, adjust 100 volt range trim potentiometer
R4.

Adjusting the 1000-Volt
Range Scale Factor

The following procedure is used:

1. Connect the input terminals of a 100-to-1
voltage divider to a stable source of d-c voltage
as close to 999 volts as practicable. (Lower volt-
ages, no less than 200 volts, can be used, but
accuracy will not be as good as when higher volt-
ages are use l.)

2. Conne t the input terminals of the volt-
meter under test to the input terminals of the
voltage divider. Observe the readout display and
waveform at the error amplifier test points.

8. Connect the input terminals of the digital
voltmeter to the output terminals of the 100-to-1
voltage divider. Observe the readout display and
error amplifier waveform.

4. The 1000-volt range is properly adjusted
when the readout display in step 8 is exactly one-
hundredth of the readout display observed in step
2, (for example: 982.3 in step 2, compared with
9.823 in step 8) and when the error amplifier
waveform amplitude and phase are similar to that
observed in step 2. If this correspondence is not
present, adjust the 1000-volt range trim potentio-
meter, R2.

NOTE: Tube and transistor testers are de-
scribed in Chapter 13.



CHAPTER 4

ELECTRICAL INSTALLATIONS

The proper installation and maintenance of
the varlet's electrical systems aboard ship are
very important to the Electrician's Mate. The
repair of battle damage, accomplishment of ship
alterations, and some electrical repairs may
require that changes or additions to the ship's
cables, control and protective devices, be made
by the .Electrician's Mate. Additionally, during
shipyard and tender availabilities, you may be
required to inspect, test, and approve the new
installations.

To perform these tasks you must first have
a working knowledge of the various types, sizes,
capacities, and uses of shipboard electrical
cable. The Electrician's Mate must also be
capable of selecting, installing, and maintaining
cables in such a manner as to ensure their ade-
quacy. Finally, you must know the purpose,
construction, installation, and testing proce-
dures of control and protective devices in order
to maintain an electrical system properly.

ELECTRICAL CABLES

The EM needs to have a working knowledge of the
Cable' Comparison Guide, NAVSEA 0981-052-8090.
This guide tills a need for information' on the use of
electric shipboard cable, particularly for the selection of
substitute cable items for replacement of obsolete items,
Cable items are listed in the guide by general
dlassifications as to construction and service conditions.
These broad groupings are broken down into types and
sizes, and indicated as being current (C),
discontinued (D), or obsolete (0), as shown in the first
column of Table 4-1,

The term "watertight cable," in the cable guide and
in Table 4-I, indicates standard cables in which all
spaces under the impervious sheath are filled with
material to eliminate voids and to prevent the flow of
water through the cable by hose action in the event that
an open end of cable is exposed to water under pressure,

4-I

Because of the varied service conditions
aboard ship, the cable must have the ability to
withstand heat, cold, dampness, dryness, bend-
ing, crushing vibration, twisting, and shock.
No one type of cable has been designed to meet
all of these requirements; therefore, a variety
of types are employed in a shipboard cable
installation.

Cable types are grouped under the general
classifications of: (1) cables for nonflexing ser-
vice (table 4-1), (2) cables for repeated flexing
service, and (3) cables for special purposes.

CABLE TYPE AND SIZE
DESIGNATIONS

The types and sizes of lighting and power cables for
shipboard applications are numerous. The initial letter
of the type designation for lighting and power cables
indicates the number of conductors (cdrs) the 'cable
.mtains These initial letters are S, D, T, or F and

indicate, respectively, single, double, triple, or four
conductors. Also included in this lighting and power
group is the SGU type cable. This cable employs silicone
rubber and glass as primary insulation, making it heat
and flame resistant. SGU is now replacing the SGA.

The construction of a SGA cable is shown
in figure 4-1. The insulated stranded copper
conductors are enclosed in an impervious sheath,
braided metal armor, and paint. The cable has
been made watertight by the application of water-
proof sealing compound to all voids of the con-
ductors and cable core. SGA cables are designed
to have a minimum outside diameter and weight
as compared to older type ch,', ). The SGA type
cables supersede the type 1.,P# (Lighting and
Power, Armored) cables and the type FPA
(Flame Proof-Armored) cables. Using the newt,'
cable saves on space and weight which is at a
premium on combatant naval vessels.
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Table 4-1. - Cables for Noriflexing Service

WATERTIGHT, NONFLEXING SERVICE
POWER AND LIGHTING

CUR
DIS
OEIS

TYPE & SIZE
DESIGNATION

NO.
OF

CORS
IN
CABLE

NOM
OIAM
OF

CDR
(inch)

NOM
AREA
OF

CDR

(MCM1

CABLE
D.D.
MAX
(inch)

RATED
VOLT.
AGE
MAX
(rms)

CDR
(DENT

APPROX
WT
PER

FOOT
(Ibs)

BEND
RADIUS
MIN
(inch!

AMPACITY MAX
AMPERES PER COR FEDERAL

STOCK
NO.
6145

DC or 60Hr
40'C 50'C
AMBIENT

400H1
40'C
AMBIENT

50'C

C OSGU-300 2 0:628 296.400 1.841 1,000 LET-5. . 3.J20 11.5 413 380 347 319 110.6332
0 OSGA-300 2 0.628 296.400 1.891 1,000 -- 3.23 11.5 413 380 347 319 191.359E
0 OHFA-300 2 0.628 296.400 2.280 600 -- 3.70 14.0 413 380 -- -- 1861451

C OSGU-400 2 0.742413.600 2.069 1,000 LET-5 4.158 13.0 492 453 337 310 110.6334
0 OSGA-400 2 0.742 413.600 2.119 1,000 -- 4.28 13.0 492 453 337 310 184-589i
0 OHFA-400 2 0.742 413.600 2.508 600 -- . 4.75 15.5 492 453 --- 192.719E

C FPS-14 4 0.136 14.340 0.815 600 STD -4 0.454 5.0 42' -- 42' --
C FSGU-3 4 0.060 2.828 0.447 1,000 STO-1 0.126 3.0 11 10 11 10 905.7252
0 FSGA-3 4 0.060 2.828 0.497 1,000 -- 0.151 3.0 11 10 11 10 542.6901
0 FHFA-3 4 0.060 2.828 0.610 600 -- 0.205 4.0 11 10 -- -- 184.109C

C FSGU-4 4 0.076 4.497 0.513 1,00Q STD -1 0.173 3.5 18 17 18 17 110.203;
D FSGA-4 4 0.076 4.497 0.563 1,000 -- 0.204 3.5 18 17 18 17 542.689E
0 FHFA-4 4 0.076 4.497 0.865 600 -- 0.389 5.5 18 17 -- -- 184.1081

'Ampacity based on 100'C ambient

The numerals (table 4-1) immediately follow-
ing the type letters indicate the cross-sectional
area of a single conductor and expressed in
thousands of circular mil's. For example, 6SGA-
150 indicates approximately 158 thousand circu-
lar mils conducting area.

The Electrician's Mate must also be able
to identify cables used for degaussing service.
For these applications the initial letters have
been restricted to S and M for identifying single
and m'lltiple conductors, respectively. Thus,
SDGA is a SINGLE conductor, degaussing, ar-

STRANDED COPPER CONDUCTOR

77.1

mored cable. These letters are also followed by
numbers that give the approximate cross-
sectional area expressed in thousands of cir-
cular mils.

Type and Size Exceptions

By analyzing .the designations for cable types
and sizes, you will notice that some letters have
more than one meaning. The letter T, for example,
usually means THREE. In the deSignation
TTHFWA-10, however, the double T stands for
twisted-pair, telephone. The T in TRXF means
tough Jacket.

GLASS FIBER BRAID
(COLOR CODED)

BINDER IMPERVIOUS SHEATH

EXTRUDED SILICONE RUBBER FILLER BRAIDED METAL ARMOR AND PAINT

Figure 4-1.- Type SGA Bull i . nonflexing service cable.
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Chapter 4 ELECTRICAL INSTALLATIONS

Similarly, there are exceptions regarding..
the use of numerals in size designations since
the numerals may indicate number of coppek
conductors or size of copper conductor or num-
ber and size of a conductor, or size and number
of strands per conductor or number of twisted
pairs or maximum rms rated voltage.

Example: MSCA-7 The 7 stands for the
number of conductors, not the con-
ductor area (in thousands of circular
m4.1s) as in the case of PHFA-400
(table 4-1).

Example: TTHFWA-10 The 10 indicates the
number of twisted pairs, that is, 20
conductors.

Example: 555P The 5 is an indication
of maximum rms rated voltage, 5000
in this case.

NONFLEXING SERVICE

Nonflexing service cable designed for use
aboard ship is intended for permanent installa-
tion and is commonly referred to as such.' The
cables that are described in the previous para-
graphs for use with lighting and power circuits
are intended for this nonflexing service. This
nonflexing service can be further classified ac-
cording to its application and is of two types
general use and special use.

General Use (Nonflexing Service)

Nonflexing service cable is intended for use
in nearly all portions of electric distribution
systems, including the common telephone cir-
cuits and most propulsion circuits. Special cases
occur in d-c propulsion circuits for surface
ships. In those cases where the impressed
voltage is less than 1000 volts, an exception
is permitted.

The previously described SGA cable is one
type usually found in this general use, nonflexing
service. Also in this classification is the type

'MSCA cable. This cable is nothing more than
watertight cable for use in interior corm- unica-
tions, as well as in fire control circuit.

Special Use (Nonflexing Service)

There are many shipboard electrl 11 circuits
where special requirements of voltage, current,
frequency and service must be met in the cable

4-3

IRON

fe3=EMaii
CONSTAN TAN

e TYPE PLIJIC CABLE

==eggivol=2:63-
C TYPE TTHFWA CABLE

29.226(77A1B
Figure 4- 2. Nonflexing service cable for special

use.

installation and other circuits where general -
use, nonflexing service cable may meet the nec-
essary requirements, yet be economically im-
practicable. For these reasons, there are many
different types of nonflexing service sable for
specialized use, such as degaussing, telephone,
radio, and casualty power. Some of these cables
are shown in figure 4-2.

Type MDG (fig. 4-2A) is a multiconductor
cable used in degaussing circuits. Type PHA
(replaced by type TCJA-mil-C-2194 on new
construction) cable (fig. 4 -LB) consists of one
conductor of constantan (red) and one conductor
of iron (gray), and is used for pyrometer base '
leads. Type TTIIFWA (fig, 4-2C) is a mIdti-
conductor, twisted-pair cable used for telephone
circuits.

REPEATED FLEXING SERVICE

Repeated 41' xing service cable designed for
use aboard ship is commonly referred to as
being portable because it is principally used as
leads to portable electric equipment. It is also
of two types general' use and special use.

General Use (Flexing Service)
Rep AL' c1 flexing service cable, is designed

for use PS Ica& to portable equipment and per-
manently installed equipment where cables are

75



ELECTRICIAN'S MATE 3 & 2

SEPARATOR
IMPERVIOUS SHEATH

COTTON TAPE ( RUBBER)

,, tom"lwooivAl
-)kv Qv: .01e,wht

CONDUCTOR SYNTHETIC RUBBER PILL ER

Figure 4-3.Type DHOF cable.

subjected to .repeated bending, twisting, mechani-
cal abrasion, oil, sunlight, or where maximum
resistance to moisture is required. Its letter
designation is HOF (heat and oil resistant,
flexible). This cable contains stranded copper
conductors that are insulated with butyl rubber,
covered with a tape or braid. The designated
number of conductors are twisted together, held
by a binder, and covered with an impervious
sheath (fig. 4-3).

Repeated flexing snl.vic; cable designed for
general use is of foul ulffe.i.ent types depending
on the number of conductor', Type SHOF cable
is available in various' conductor sizes and
designated as types SHOF (single conductor),
DHOF (two conductor), THOF (three conduotor),
and FHOF (Lour conductor).

Special Use (Flexing Service)

There are many different types of repeating
flexing service cable designed for special re-
quirements of certain installations, including
type TTOP and casualty power cables. Two of
these types are shown in figure 4-4. Type
MHOF (fig. "-IA! is used for control circuits

revol,v114:, sui Mures, and type TRF (fig.
4-4B) is used for arc-welding circuits.

CABLE REPAIR AND INSTALLATION

Electrical cables installed aboard Navy ves-
sels must meet certain requirements determined
by the Naval Ships Systenis Command. These
requirements, published in the General Snecifi-
Cations for Ships in the Utta,_ Navy, are too
numerous to ovver in detail in this training

4-4
w

BINDER

29.226(77A)r,

manual; hence, only the more basic ones arm
included.

The job of installing nonflexing service esnle
may be performed by the Electrician's nate
whenever necessary to repair damage or to
accomplish authorized ship alterations. Before
work is begun on a new cable installat'
cable-way plans should be available. If repair"
to a damaged section of installed cable are to
be effected, information on the original installa-
tion can be obtained from the plans of the ship's
electrical system, which are normally on file
in the engineering department office (log rlom)
aboard ship. If a ship alteration is to be accom-
plished, applicable plans not already on boave.
can be obtained from the naval shipyi,rd
on the authorization for the. alteration .sHil-, A LT)
at the planning yard for the ship.

'2 A

--s=rwastimei
A TYPE MHOF CABLE

--4-1B ltYPE TRF CikfiLli

29.226(77A)D
Figure 4-4.Repeated flexing .service cable for

special use.
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Wireways

Before installing new cable, survey the area
to see if there are spare cables in existing
wireways and spare stuffing tubes that can be
used in the new installation. The cable run must .

be located so that damage from battle will be
minim zed, physical and electrical interference
with other equipment and cables will be avoided;
and maximum dissipation of internally generated
heat will occur. Do not run cables on the ex-
terior of the deckhouse or similar structures
above thp main deck, except where necessary
because of the location of the equipment served,
or because of structural interferences or avoid-
ance of hazardous conditions or locations. Where
practicable, route vital cables along the inboard
side of beams or other structural members to
afford maximum protection against damage by
flying splinters or machine gun strafing.

Where practicable, avoid installing cable in
locations subject to excessive heat, and never
install cable adjacent to machinery, piping, or
other hot surfaces having an exposed surface
temperature greater tham 150°F.' In general,
cables shall not be installed where they may be
subjected to excessive moisture.

Selecting Cable

Two-conductor cable shall be installed for
2-wire, d-c and single-phase, a-c circuits. Three-
conductor cable shall be installed' for 8 -wire,
d-c or 3-phase, a-c circuits. Four-conductor
cable shall be installed where two 2-wire lighting '-

circuits are run in the same cable. Four-conductor
and Multiconductor cable shall be installed for
control circuits and communi ..ations circuits as
necessary.

To select the proper size cable for a particu-
lar installation, it is necessary to know (1) the
total connected load current, (2) the demand
factor, and (8) the allowable voltage drop.

The total connected load current for d-o
power circuits is determined by adding the sum
of the rated current of the connected loads as
listed on the identification plates of connected
motors and appliances and an additional 100
watts for each receptacle not specifically indi-
cated. For a-o power circuits the connected
-load current of the connected motors and appli-
ances is added vectorially to obtain the total
connected load current.

The demand factor of a circuit is the ratio
of the maximum load averaged for a 15-minute
period to the total r.,mected load on the cable.

4-5

'C

1/1r, BIND

A STRAIGHT

ALM TAPERED THRE404

C STRAIGHT,'
ops TtlitsA

Figure 4-5.Nvlon stuffing tubes.
12.78

If the feeder demand factor for a group of loads
cannot be determined, a value of 0.9 may be
assumed. For power systems supplying a single-
phase load or for a lighting system branch,
submain, and main circuits, the demand factor
is unity.

The voltage drop (difference in voltage between
any two points in a circuit) is expressed as a
percentage of the rated switchboard (or switch-
gear group) bus voltage or the transformer
nominal voltage. The maximum percent voltage
drop allowed for a circuit is specified by the
Naval Sea Systems Command and varies Ito-
cording to the intended service of the circuit.

Stuffing Tubes

Stuffing tubes (fig. 4-5A, B, and C) are used to
provide for the entry of electric cable into splash -
proof, spraytight, submersible, and explosion-
proof equipment enclosures. Cable clamps
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commonly called box connector's (shown in fig.
4-6), may be used for cable entry into all other
types of equipment enclosures, except -that top
entry into these enclosures shall be made drip-,
proof through stuffing tubss or cable clamps
sealed with plastic sealer.

Below the main deck, stuffing tubes are used
for cable penetrations of watertight decks, water-
tight bulkheads, and watertight portions of.hulk-
heads that are watertight only to a certain height.
Above the main deck, stuffing tubes are used
for. cable penetrations of (1) watertight or air-
tight boundaries; (2) bulkheads designed to with-
stand a waterhead; (3) that portion of bulkheads

below the height of the sill or coaming of
compartment accesses; (4) flametight or gas-
tight, or watertight bulkheads, decks, or wiring
trunks within turrets or gun mounts; and (5)
structures subject to sprinkling.

Stuffing tubes are made of nylon, steel, brass, or
aluminum alloys. Nylon tubes have-very nearly replaced
metal tubes for cable entry to equipment enclosures.
Cable penetration of bulkheads and decks are normally
of metal, because of theil during fires. Stuffing
tubes made of metal are normally used for cable
penetration of bulkheads and decks. Nylon stuffing
tubes melt and fail to act as a barrier during a fire.

MACHINE KNOW

PLASTIC SIALIN

SHEIT METAL
OR CAST

ENCLOSURE

SIDE VIEW

CASLI

PLASTIC
SIALIN

BODY NIEMAN

END VIEW

CLAIAPINO MINIM

, INCLOSUNI

MACHIN,
SMUT METAL. SCREW

ON CAST
INCLOSURE

SIDE VIEW

Figure 4-6.Cable clamps.
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CAP

CAP

77.10
Figure 4-7. Representative nylOn stuffing tube

installations.

The nylon tube is a lightweight, positivesealing,
noncorrosive stuffing tube, which requires only
minimum maintenance for the preservation of
watertight integrity (fig. 4-7). The watertight seal

between the entrance to the enclosure and nylon body
of the stuffing tube is made with a neoprene "0" ring,
which is compressed by a nylon locknut. A grommet
type, neoprene packing is compressed by a nylon cap to
accomplish a watertight seal between the body of the
tube and the cable. Two slip washers act as compression
washers on the grommet as the nylon cap of the stuffing
tube is tightened. Grommets of the same external size,
but with different sized holes for the cable, are

4-7

available. This allows a single -size stuffing tube to be
used for a variety of cable sizes, and makes it possible
for nine sizes of nylon tubes to replace 23 sizes of
aluminum, steel, and brass tubes.

The nylon stuffing tube is available in two
parts. The body, "0" ring, locknut, and cap
comprise the tube; and the rubber grommet,
two slip washers, and one bottom washer com-
prise the packing kit.

A nylon stuffiing tube that provides cable
entry into an equipment enclosure is applicable
to both watertight and nonwatertight enclosures
(fig. 4-7A). Note that the tube body is' inserted
from inside the enclosure. The end of the cable
armor, which will pass through the slip washers,
is wrapped with friction tape to Et maximum
diameter. To ensure a watertight seal, one coat
of neoprene cement is applied to the inner surface
of the rubber grommet and to the cable sheath
where it will contact the grommet. After the
cement is applied, the grommet is immediately
slipped onto the cable. The paint must be cleaned
from the surface of the cable sheath before
applying the cement.

Sealing plugs are available for sealing nylon
stuffing tubes from which the cables have been
removed. The solid plug is inserted in place of
the grommet, but the slip washers are left is
the tube (fig. 4-7B).

A grounded installation that provides for
cable entry into an enclosure equipped with a
nylon stuffing tube is shown in figure 4-8.
This type of installation is required only when
radio interference tests indicate that additional
grounding is necessary within electronic spaces.
In this case, the cable armor is flared and
trimmed to the outside diameter of the slip'
washers. One end of the ground strap, inserted
through the cap and one washer, is flared and
trimmed to the outside diameter of the washers.
Contact between the armor and the strap is
maintained by pressure of the cap on the slip,
washers and the rubber grommet.

Watertight integrity is vital aboard ship in
peacetime or in combat. Just one improper
cable installation could danger the entire ship.
For example, if one Thl, A-4 cable (.812 inches
in diameter) Is replaced by the newer TSGA-4
cable (.449 inches in diameter) but the fittings
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STRUCTURE

ENO OF GABLE
SHEATH NO7'
REQUIRED TO BE
FLUSH WITH ENO
OF GROMMET

"0" RING
GASKET

ENCLOSURE
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- - -- --an access plate of expanded metal or perforated

sheet metal. Stuffing tubes are not required
with riser boxes for cable passage through
nonwatertight decks.
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Figure 4-8.Nylon stuffing tube

grounded Installation.

passing\ through a watertight bulkhead are not
changed to the proper size, the result could be
two flooded spaces in the event of a collision
or enemy hit.

Deck Risers

Where 'one or two cables pass through a deck
in a sing13 group, kickpipes are provided to
protect the cables against mechanical damage.
Steel pipes\ are used with steel decks, and
alum'num pipes with aluminum and wooden decks.
Inside edges on the ends of the pipe and the inside
wall of the pipe must be free of burrs to prevent
chafing of the cable. Kickpipes including the
stuffing tube I shall have a minimum height of
9 inches and a maximum of 18 inches. Where
It, height exceeds 12 inches, a brace is nec-
essary to ensure rigid support. Where the instal-
lation of kickpipes is required in nonwatertight
.lecks, a conduit bushing may be used in place
of the stuffing tube.

When three or more cables pass through a
deck in a single group, riser boxes must be
used to provide protection against mechanical
damage. Stuffing tubes are mounted in the top
of riser boxes required for topside weather-
deck applications. For cable passage through
watertight decks inside a vessel the riser box

80

Cable Supports

The single 'cable strap is the simplest form
of cable support. The cable strap is used to
secure cables to bulkheads, decks, cable hangers,
fixtures, etc. (fig. 4-9). The one-hole cable
strap (fig. 4-9A) may be used for cables not
exceeding five-eighths of an inch in diameter.
The two-hole strap (fig. 4-9B) may be used for
cables over five-eighths of an inch in diameter.
The spacing of simple cable supports, such as
those shown in figure 4-9 must not exceed 32
inches ;enter to center. A more complex cable
support is the cable rack, which consists of

4-8
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77,1,5
Figure 4-9.- Single cable strap applicationis.
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Figure 4-10.Cables installed in a cable rack.

the cable hanger, cable strap, and hanger sup-
port (fig. 4-10).

Banding material is five-eighths of an inch
wide, and may be zinc-coated steel, corrosion
resistant steel or aluminum, depending on the
requirements of the installation. For weather-
deck installations, use corrosion resistant steel
band with copper armored cables; zinc-coated
steel with steel armor; and aluminum with
aluminum armor.

When applying banding material apply one
turn of banding for a single cable less than one
inch in diameter. Apply tWo turns of bandingg
for single cables of one inch or more in diamote
and for a row of cables. Apply three turns of
banding for partially loaded hangers where hanger
width exof Os the width of a single cable or
a single row of cable by more than one-half
inch.

Cables mist be supported so that the sag
between supports, when practicable, will not
exceed one inch. Five rows of cables may be
supported from an overhead in one cable rack,
and two rows of ortb?es may be supported from
a bulkhead in one sable rack. As many as 16
rows of cables may be supported in main cable-
ways, in machinery spaces and boiler rooms.

77.16

Not more than one row of cables be
installed on a single hanger.

Modular cable supports (fig. 4-11) are being
installed on a number of naval ships. The Modular
method saves over 60 percent in cable- pulling
time and labor. Groups of cables are now passed
through wide opened frames, instead of being
inserted individually in stuffing tubes. The frames
are then welded into the metal bulkheads and
decks for cable runs. ,

The modular method of 'upporting electrical
cables from one compartment to another is de-
signed to be fireprogf, water- and air-tight.

Modular insert semicircular grooved twin
half-blocks are matched around each cable to
form a single block. These grooved insert blocks
which hold tt' cables (along with' the spare in-
sert solid blocks) fill up a cable support frame.

During modular armored Cable installation
(fig. 4-11B), a sealer is applied in the grooves
of each block to seal the space betweeiithe armor
and cable sheath. The sealer penetrates the
braid and prevents air passage.under the braid.
A lubricant is used when installing the blocks
which allow the blocks to slide easily over
each other when packing and compressing them
over the cable. Stay plates are normally inserted

4-9
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Figure 4-11. Modular cable supports.

between every completed row to keep the blocks
positioned and help distribute compression evenly
throughout the frame. When a frame has 'been
built up, a compression plate is inserted and
tightened until there is sufficient room to insert
the end packing.

To complete the sealing of the blocks and
cables, the two bolts in the end packing are
tightened evenly until there is a slight roll of
the insert material around the end packing
metal walhers. This indicates the insert blocks
and cables are sufficiently compressed to form

a complete seal. The compression bolt is then
backed off about 1/8 turn.

When removing cable from 1-nodular supports,
first tighten down We compression bolt thus
pushing the compression plate further into the
frame in order to free the split end packing.
This end packing is then removed by loosening
the two bolts which separate the metal washers ..

and the end packing pieces., The compression
bolt is backed off, loosening the Compression
plate. This plate is then removed, Ittormitting
full access to the insert block9 acid cables.

Cable Blueprints

For elementary and isometric blueprints of
ship's electrical cable wiring diagram, their
care and stowage, and the correction of blue-
prints after modification of their circuits, see
Blueprint Reading and Sketching, NAVEDTRA
10077-C. ,

.
Cable Markings "

Metal tags embossed with theeable designation ,
are used to identify all permanently installed'
shipboard electrical cables. These tags, when
properly applied, afford easy identification 0
cables for purposes of maintenance and re-
placement,

.Two system of cable marking (the old and
the new) may be found aboar naval vessels,
These system are covered apter 4 of
Blueprint Reading and Sketehin AVEDTRA
10077-C.

Equipment Marking

All distribution panels rind bus transfer equip-
ment are provided with cabinet information plates.
These plate contain the following information
in the order listed: (1) the name of the space,
apparatus, r circuits served; (2) the service
(power, lighting, electronics, etc.) and basic
location number; and (8) the supply feeder number.
For example,

CREW LIVING SPACE, FRAMES
FIRST PLATFORM
LIGHTING PANEL 4-108-z
25-4L-(4-103-2).

If a panel contains two or more sets of buses
and each set is supplied by a separate feeder,
the number of each feeder will be indicated on
the identification plate.

82
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Distribution panels are provided with circuit
information plates adjacent to the handle of each
circuit breaker or switch. These plates contain
the following information in the order listed:
(1) the circuit number, (2) the name of the
apparatus or circuit controlled, (3) the location
of apparatus or space served, and (4) the circuit
breaker element or fuse rating. Red markers
are attached to circuit information plates to
indicate vital circuits. Information plates for
circuit breaker supplying circle W and circle Z
class ventilati )n Eystems contain, in addition to
the red marker, the class designation of the
ventilation system supplied. Information plates
without markings are provided for spo.re circuit
breakers mounted in distribution panels. Panel
switches controlling circuits that am deenergi zed
during darkened ship operations are marked
DARKENED SHIP. The ON and OFF position
of these switches are marked LIGHT SHIP
and DARKENED SHIP, respectively.

Circuit information plates are provided inside
fuse boxes (adjacent to each set of fuses) and
indicate the circuit controlled; the phases, or
polarity; and the ampere rating of the fuse.

Conductor Identification

Each terminal and connection of rotating
a-c and d-c equipment, controllers, and trans-
formers is marked with standard designations.
This may be accomplished with synthetic resin
tubing or fiber wire markers located as close
as practicable to equipment terminals, with fiber
tags near the end of each conductor, or by
stamping the terminals.

Individual conductors may also be identified by a
system of color coding. Color coding of individual
conductors in multiconductor cable is in accordance
with color coding tables contained in chapter 320 Naval
Ships Technical Manual. The color coding of conductors
in power and lighting cables is shown in table 4-2.
Neutral polarity, (±). where it exists. is always identified
by the white conductor.

Cable Ends

When connecting a newly installed cable to
a unit of electrical equipment, the first thing to
determine is the proper length of the cable.
To do this, form the cable run from the last
cable support to the eqt: Inent by hand, allowing
sufficient slack and lus of bend to permit
tepaiLe withuut renewal ui the Caine. Carefully
estimate Where the armor on the cable will have

to be cut to fit the stuffing tube (or connector),
and mark the location with a piece of friction
tape. In addition to serving as a marker, the tape
will prevent unraveling and hold the armor in
place during cutting operations.

Determine the length of the cable inside the
equipment, using the friction tape as a starting
point. Whether the conductors go directly to a
connection or form a laced cable with breakoffs,
carefully estimate the length of the longest
conductor, add approximately 2 1/2 times its
length, and mark this position with friction tape.
The extra cable length will allow for mistakes in
attaching terminal lugs and possible rerouting of
the conductors inside the equipment. Tne length
of the cable is now known and it can be cut.

The armor must be removed next. Thad may
be accomplished by using a cable stripper of the

Table 4-2, Color Code for Power and Lighting
Cable Conductor

System
No. of

Conductors
in Cable

Phase or
Polarity

Color
Code

3-phase 3 A Black
a-c B White

C Red

2 AB A, black
B, white

2 BC B, white
C, black

.2 AC A, black
C, white

3-wire
d-c

3 Black
White
Red

2 + and* +, black
white

2 * and - *, white
-, black

2 + and - +, black
-, white

2-wire
d-c

2 Black
White
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CUTTING BLADE
ALIGNMENT DETAIL DEPRESSING KNOB

CLAMPING
L EVER

KNOB POR BLADE
DEPTH AbJUSTMENT

:
CUTTIItG BLADE

.

CABLE SIZE
AD IUSTING SCREW

Figure 4-12. Cable strippers.

type shown in figure 4-12. Care must be taken not
to cut or puncture the cable sheath where the
sheath will contact the rubber gromunet of the
nylon stuffing tu' e (fig. 4-7).

thc 1:1-47,^rvicu^ chts..a":, nt-rting -
distance of at least 1 1/4 inch (or avecessary
to fit the requirements of the nylon stuffing tube)
from where the armor term"nates. The cable
stripper should be used for this job. Do not take
a deep cut because the conductor insulation can be
easily damaged. Flexing the cable will help
eparate the sheath after the cut" has been made.
lean the paint from the surface of the remaining

impervious sheath exposed by the removal of
the armor (this paint is conducting).

Once the sheath has been removed, the cable
filler can be trimmed with a pair. of diagonal
cutters.

The proper method of finishing and protecting
cable ends that do not require end sealing is
shown in figure 4-13. For cables entering enclosed
equipment (connection boxes, outlet boxes, fix-
tures, etc.) the method shown in figure 4-13A,
should be used. An alternate method (when
synthetic resin tubing is not readily obtainable)
is to apply .1 coat of air drying insulation varnish
to the insulation of each conductor as well as
to the crotch of the cable. The end of the insula-
tion on each conductor is reinforced and served
with treated glass cord, colored to indicate
proper phase marking. For cables entering open
equipment (switchbotelds, etc.) the method shown
in figure 4-13B, should be used. An alternate

844- 2

CROTCH OF CABLE TO BE GIVEN A
COAT OF INSULATING VARNISH BEFORE
APPLYING TUBING.

77.22

SERVE WITH TREATED GLASS CORD,
'COLORED FOR PHASE MARKING

ANY ENCLOSURE TYPE
CABLE ENTRANCE FITTING

A
AFTER VARNISHING AND BEFORE APPLYING ,

TAPE, PUSH TUBING TIGHTLY INTO CROTCH
WHILE VARNISH IS STILL WET. II

WRAP TIGHTLY WITH TAPE,
I LAYER LAP,
TAPE AND SERVE AS ABOVE

SYNTHETIC RESIN TUBING.
APPLY IMMEDIATELY AFTER
VARNISHING CROTCH

SERVE WITH TREATED GLASS CORD
COLORED FOR PHASE MARKING

VARNISH THIS PORTION

B

SYNTHETIC RESIN TUBING

29,226
Figure 4-13. Protecting cable ends.
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method is to wrap each conductor tightly with
one layer of synthetic tape (half lapped) and
serve with cord as in the tubing method. Apply
tape, air-drying varnish, and serve the crotch
and part of the cable for a distance about 2
inches back of the crotch.

Conductor Ends

Wire strippers (fig. 4-14) are used to strip
insulation from the conductors. Care must be
taken to avoid nicking the conductor stranding
while removing the insulation. Side, or diagonal,
cutters should not be used for stripping insula-
tion from .:..onductors.

CondUctor surfaces must be thoroughly cleaned
before the terminals are applied. After baring
the conductor end for a length equal to the
length of the terminal barrel, clean the individual
strands thoroughly and twist them tightly together.
Solder them to form ,a neat, solid terminal for
fitting-either approved clamp type lugs or solder
type terminals. If the solder type terminal is
used, tin the terminal barrel and clamp it
tightly /war +ha rreparerl ennallietnr thafrvro ant_
dering) to provide a solid mechanical joint.
Conductor ends need not be *soldered for use
with solderless type term' els applied with crimp-
ing tool. Do not use a siae, or diagonal, cutter
for crimping solderless type terminals.

Solderless type terminals may be used for
all lighting, power, interior communications and
fire control applications, except with equipment
provided with solder type terminals by the
manufacturer, and with wiring boxes'or equipment
in which electrical clearances would be reduced
below minimum standards by the use. of the
solderless type terminal.

For connection under screwhead where a
standard terminal is not practicable, an alternate
method can be used. Bare the conductor for
the required distance and thoroughly clean- the
strands. Then twist the strands tfghtly together,
bend them around a mandrel VS form a suitable
size loop (or hook where the screw is not
removable), and dip the prepared end into solder.
Remove the end, shake off the excess solders and
allow it to cool before connecting it.

After the wiring installati= has tzen com-
pleted, the insulation resistance of the wiring

1.24
Figure 4- 14. Mechanical wire strippers.

circuit must be measured with a megger or
similar (0-100 megohm, 500-volt d-c) insulation
resistance measuring instrument. Do not energize
a newly installed, repaired, or modified wiring
circuit without first ascertaining (by insulation
tests) that the circuit is free of short circuits
and grounds.

Small refrigerators, drinking fountains and
coffee makers are plugged into receptacles con-
nected directly to the ship's wiring. To remove
et1"3.212 4.1""m 44° ecripm:nt terminol h1nnL n IA it..
=mated wiring, rigidly clamp the cable to the
frame of the equipment close to the point where
the cable enters the equipment.

Lacing Conductors

Conductors within equipment must be kept in
place in oier to present a neat appearance and
facilitate tracing of the conductors when altera-
tions or repairs are required. When conductors
are properly laced, they support each other and
form a neat, single cable.

The most common lacing material is, waxed
cord. The amount of cord required to single lace
a group of conductors is approximately 2 1/2
times the length of the longest conductor in the
group. Twice this amount is required if the'
conductors are to be double laced.

Before lacing, lay the conductors out straight
and parallel to each other. Do not twist them
together because twisting makes conductor lacing
and tracing` difficult.

A shuttle on which the cord can be wound
7.111 I:::.cp thc rd fro :l ring the lacing
operations. A shuttle similar to the one shown

85
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5.1.38
Figure 4-15.A lacing shuttle.

in figure 4-15 may easily be fashioned from
aluminum, brass, fiber, or plastic scrap. Rough
'edges of the material used for the shuttle should
be smoothed to prevent injury to the operator
and dayr.ge to the cord. To fill the shuttle for
single lace, measure the cord, cut it, and wind
it on the shuttle. For doulple lace, proceed as
before, except double the length of the cord
before winding it of the shuttle, and start the
ends on the shttle in order to leave a loop
for starting the lace_

Some installations. however, require the use of
twisted wires. One example is the use or`twisted pairs"
for the a-c filament leads of certain electron tube ,

amplifiers, reducing the effect of radiation of their
Magnetic field, thus helping to prevent annoying hum in

B

the amplifier output. The EM should duplicate the
original layout, when relacing any wiring harness. .

Single lace may be started with a square knot
and at least two marling hitches drawn tight.
Details of the square knob and the marling hitch
are shown in figure 4-16. Do not confuse the
marling hitch with a half hitch. In the marling
hitch, the end Is passed over and under the
strand (fig. 4-16A). After forming the marling
hitches, draw them tight against the square knot
(fig. 4-16B). The lace consists of a series of
marling hitches evenly spaced at one-half inch
to one-inch intervals along the length of the group
of conductors, as indicated in figure 4-16C.

When dividing conductors to form two or
more branches, follow the procedure illustrated
in figure 4-17. Bind the conductors with at least

I

A

EXTRA AT LEAST
2 MARLINGMARLING HITCHESHITCH 8 TURNS

TERMINATE

B

12.247(77A)A 12.247(77MB
Figure 4-16. Applying single lace. Figure 4-1-7. Lacing branches and breakouts.
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.111111.10.1 011-11.1.1011.1.1.1

10/110110111.1.111/1N.A.0111/

1

COMPLETED
TELEPHONE

HITCH

5.139.1
Figure 4-1-8. Starting double lace with the

telephone hitch.

six turns between two norling hitches, a nd
continue the lacing along r) of the branches
(fig. 4-17A). Start a new lacing along the other
branch. To keep the bends in place, form them
in the conductors before lacing. Always Ad an
extra marling hitch just prior to' a, breakout
(fig. 4-17B).

Double lace is ap plied in a manner similar
to single lace, except that it is started with the
telephone hitch and is double throughout the
length of the lacing (fig. 4-18). Double as well
as single lace may be terminated by forming a
loop from a separate length of cord and us
it to pull the end of the lacing back undern
a serving of approximately eight turns (fig. 4- ).

Lace the spare conductors of a multiconductdr
cable separately, and secure them to active
maductors of the cable with a few telephone
h-Jhes. When two or lore cables enter cn
enclosure, each cable group should be lace.i
separately. When groins parallel each 'other,
they should be bound together at intervals with
telephone hitches (fig. 4-20).

4 MARLING SERVING OF
HITCHES 8 TURNS

STEP I

5,140.1
Figure 4-19. Thu loop method of terminating

the lace.

5,139
Figure .4-20. Binding cable groups with the

-telephone hitch.

418!
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Conductor ends (3000 cm or larger) should
be served with cord to prevent fraying of. tAe
insulation (fig. 4-21). When conductor ends are
served with glass cord colored for phase marking,
the color of the cord should match the color of
the conductor insulation.

GROUNDED RECEPTACLES

Aboard naval vessels, grounded receptacles
are used with grounded plugs and portable cables
having, a ground wire, which grounds the-metallic
case and exposed metal part of portable tools
or equipment to the ship's structure when the
plugs are inserted in the receptacles. The ground
wire prevents the occurrence of dangerous po-
tentials between the tool or equipment housing
and ship's structure, and thus protects the
user from fatal shock.

The grounded receptacles most widely used
aboard naval vessels have metal enclosures,
which are connected internally to the ground
terminal. of the receptacle. Grounding the en-
closures will ground the grounded terminal.
Grounded receptacles with plastic enclosures'
are also in use aboard some vessels. In some
types, the grounded terminal is 'connected to
ground through a conductor. In later types, the
grounding ferrules are molded within the mount-
ing. The ground wire is also molded within the
bottom' of the box and connects the grounding
terminal to the metal insert. The cross-sectional
area of the conductor used to connect the grounded
terminal to ground must be at least thta -same
size or greater than that of 'the conductors that
supply such a receptacle.

Thy routine ground continuity test of each installed
receptacle is required by PMS. Prior to ground testing a
receptacle, it must be de-energized, safety tagge'd, and
checked for voltage. This safety precaution will protect
you and your test equipment.

In one method of testing, you connect one test lead
of an ohmmeter or multimeter to the wound lead of a
dummy plug of the receptacles to be tested. The power
prongs of this plug are to be left unconnected. Insert the
plug into the receptacle to be tested. Touch the probe
of the other test lead of the meter to the ship's
structure. The resulting reading shOuld be less than one
ohm.

S

STEP I

STEP 2

;-
Figure 4-21. Serving conductor ent.6.

L0 2

. Unsatisfactory receptaclen should be is cra(.
diately repaired or be tagged tcr indicate that
they must not be used. Keep a record of ins
locations of all grounded receptacles and the
dates they were tested.

On the older ships With single 125-vOlt,
10-ampere, single - phase a-c (or 2-wire d-c),
stub type' watertight receptacles are used for
all applications except for electric shavers and
burn biccAIirriu 1 i51
shavers and some. electronic applications, double
125.volt, 15-ampere, single -pi ase a-c (or 2-wire
d-c) bladed type recepcacles are used.

Oh new ships, general-purpoae grounded re-,
ceptacles are provided as follcws:

1.. Double 125-volt, 15-empere,s1N;1e-phaee
a-c (or 2-wire -^) bladed type receptacles
are used for all 't,P7.-,x-deck applications.

'2. Single 12a-volt, 15- ampere, single-phase
a-c (or 2-wire u watertigh* bladed type re-

' ceptacles are installed on radar platforms and
open bridges for use of electronic test equipment.

4

3, Single 125-volt, 10-ampere, single-phr se
a-c (or 2-wire d-c) stub type submersible re-
ceptacles are used topside and for applications
where a watertight receptacle, is required, except
on radar platforms and open bridges.

Receptacles must lo.) spaced to permit the use
of portable tools iLt any place on the ship without,
requiring more than 50 feet of flexible cable
between a tool and receptacle. The reasons
are twofold: (1) closer spacing of receptacles
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is wasteful and (2) wider spacing of receptacles
results in excessively long and thus a higher
resistance grounding conductor which may not

protect---the-operator,from-shook-if--a portable
equipment fault places potential on the metal
case.

Receptacles installed for specific applications,
such as radiant heaters,. are included in the
receptacle spacing to. meet the 50-foot limit
and therefore may be considered as available
for portable tools.

If additional receptacles are required to meet
the 50-foot limit, make sure that added receptacles
do not result in overloading the circuits. In some
ships the receptacles are on an isolated circuit,
ra an additonal means of preventing fatal shocks.

PLUGS AND CORDS

Nonconducting plastic -cased portable electric
tools do not require grounding cords or plugs.
The two conductor cords and two-prong un-
grounded connector /plugs furnished on these
plastiC:cased tools are acceptable and can be
inserted in blade type receptacles aboard ship

,n ay be inoeied WARN mu: inserts -prong
grounded plugs only." CAUTION: There is a
wide range of m;scellaneous portable electric
equipment that: may be received aboard ship
Without being provided with a cord that has

grounding conductor and a grounded plug
that is not plastic encased. This equipment
includes galley ecr,lipment (fruit juice extractors,
foot'. - mixing machines, coffee pots, toasters);
office equipm.!: it {adding machines, addressograph
machines); .shop equipment (key duplicating ma-
chines, valve grinders, mica undercutters, hot-
plates); medical equipment (infrared lamps,
ultraviolet lamps, sti,u 11 lens); barber shop equip-
ment (hair clippers) and laundry equipment
(flatirons).

Electrical equipment that is permanently
mounted to the hull, of the ship does not require
t' additional ground wire. CAUTION: Shock
mounts prevent f. grounding.

A,I 115-volt or 220-volt single-phase a-c
and all 115-volt or 230-volt two-wire d-c elec-
trically cperated equipment now on board ship
which eo not have a cord with a grounding con-
ducsor xne grounded plug, and all such equipment
nuboequently issued to the ship without a cord

which has a grounding conductor and grounded
plug, should be provided with a three- conductor
flexible cable with grounded plug except as
indicated previously

The three-conductor flexible cable should be type
SO or ST color-coded black, white, and green. as listed
in the Navy Stock List of General Stores, Group 61 For
general use, the plugs should be bladed-and have
U-shaped grounding prongs. These plugs are available for
use with small and large diameter cords. Stub-type plugs
which can be made watertight when in use (formerly
designed as type SNR are now furnished with plastic
shells.

Test of Plug Connections

Before using portable electrical equipment for the
first time, test the plug connections of the equipment
for correct wiring. Do the testing in a workshop
equipped with a nonconducting surface workbench and
approved rubber deck covering. Conduct the test in
accordance with current PMS.

All portable electrical equipment must be tested and
visually inspected. A list of such equipment muss be
established. The following items should be included:
portable hand-held electric tools that are permanently
charged out or on loan to other shipboard departments
or divisions; electric equipment which is frequently
touched, such as hot plates, coffee, makers, toasters,
portable vent sets, movie projectors, and office
equipnfent. All faulty equipment must be removed from
service until repaired and properly safety checked.

Bladed Plugs (Round or U-shaped Ccirtact)

Before testing a bladed plug, check to see
that the insulation and contacts are in good
condition; and that the conductors are secured
properly under the term:nal screws. Using a
volt - ohmmeter, measure the resistance from
the ground contact to the .equipment housing.
The measurement must be less "than one ohm.
Move or work the cable around by bending or
twisting it. A change of resikance indicates
broken strands in the grounding conductor which
means the cable must be replaced.
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Navy Type SNR Plugs.

You must also examen these plugs to make
° sure the insulation and contacts are in good
--Candition and -thatthe conductors are-secured
properly under the terminal screws.°Then check
to see-that the plug is clean and that Me contacts
(in particular the ground contact) are free of
hangover fringes of molded insulation which
could prevent making good contExt As in testing
the bladed plugs, measure the resistance from,
the ground contact to the equipment housing.
Again the measurement must be less than one
ohm. If bending or twisting the cable causes
a change in resistance, the strands in the ground-
,ag conductor are broken and the :;able Must be
replaced. The type SNR plug mt st be checked
on equipment and extension cord. Using a meg-
ohmmeter, measure the insulation resistance
between the, brass shell and each contact on the
plug. Push on, pall on, twist, and bend the cable
while taking measurements. if the resistance
measures less than one megohm, check for
twisted bare wires in the plug. Rewire a de-
fective plug and replace the brass shell of the
plug with a nonconducting plastic (nylon) shell.
U the plug has to be reelaced due to wear and
tear, renew the plug tip 'and replace the brass
plug -41c11 with .1 *t,s00a
shells only if the nylon plug shells are not
in stock. In this case, rewire and retest the
brass shell plug for temporary use until the
nylon shell becomes available. There are two
sizes of nylon plug shells. One size is used for
0.425-inch-diameter cables or smaller, the other
size for 0.560-inch-diameter cables.

Workmanship

Cord 'conductors must be fastened securely and
r to wiring terftuinals. Aboard ship in portable
eq.Ipmeht, extension cords, portable receptacles, and
mugs,' the conductor ends are crimped or soldered into
standard eyetets (or hooks where the terminal screws are
not removable). If eyelets or hooks are not available, the

_strands of each conductor are twisted together tightly
formed into an eyelet or hook. Then the formed

e; -let or hook is coated with solder in order to hold the
strands together unless manufacturer's instructions
forbid tinning of the leads. There must be no loose
s:r1rds to come in contact with metal parts, which
would place line potential on the meat shell of the plug
when it is partially inserted in an energized receptacle. A

.fatal hand-to-hand electrical shock can result if the .
receptacle is on the end of an energized-extension cord
and has its metal case raised to line potential (of

opposite polarity to that on the shell of the plug) by
loose conducting strands at the cord connection to the
receptacle.

-

Examin ALL cords to make sure they are
connected properly to their terminals. Remove from
servite damaged plugs and cords that are improperly
connected, torn, or chafed. It is not intended that
molded rubber plugs and receptacles in which the
connections are encapsulated be cut open for
examination of connections.

If theftrounding conductor which is connected to
the me Mille equipment casing is inadvertently
connected to a line contact of the plug, a dingerous
potential will be placed on the equipment casing. The
man handling the portable metal-cased equipment when
it is plugged into a power receptacle will almost
certainly receive a fatal shock since line voltage will be
on the exposed parts of the equipment. Do not ov, dook
the connections to the cord oR each portable tool,
equipment,, or extension receptacle that is repaired
aboard ship or delivered to the ship. Make sure that
ALL connections are .ght before using the tool,
equipment, or receptacle.

Extension cords for use with portable tools
aryl anpipm1:.nt Ara satIthrtrizAti; and nonsist of
25 fget of three-conductor flexible cable (which
includes the grounding wire) with a grounded
plug attached to one end and a grounded type
portable receptacle suitable for receiving the
grounded type tool or equipment plug on the
other end.

CASUALTY POWER CABLE

Suitable lengths of portable casualty powar
cables are stowed on naval vessels close to the
locations where they may be needed for making
temporary connections in the event the iniBtared
distribution systems are damaged. See chapter 5
for a description of the casualty power distribu-
tion system. Casualty power cable for a-c dis-
tribution systems., is type THOF-42, whicL is
'capable of carrying 93 amperes at 40°C and
86 amperes at 50°C indefinitely and 200 amperes
in an emergency. They are of suitable lengths
and distilbuted throughout the ship in accordance
with the Ship's Information Book. Metal tags
installed on the cables designate their proper
lengths and locations (figr4-22).

The portable cable ends are marked to identify'the
A, B,, and C phases visually or by touch when

9.Q418
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14" MINIMUM

METAL CABLE TAG

MO \
75'. 2 -73-2

I III -T-L---

PHASE MARKINGS
(TWINE /

RED

WHITE

BLACK

THOF 4.2

2

2

1111.1111111111111

111=11111

1111)

IBER

111111=112B

BARE CONDUCTOR 3"
8

-2E11
7

COPPER
FERRULE

77.3,11Figure 4- 22. Casualty, power cableold method of serving.

RADIUS TO SUIT

/ u±.002
71

1.279

RADIUS

8

BEFORE FORMING

FORMINGDIE

AFTER FORMING

t.343*.002
CLOSED END

Figure 4-23.--Method of securing copper ferrule to c.mductor.
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illumination is insufficient for visual identification.
Phase A is color-coded black and has one serving on the
conductor end; phase B is .color-coded'white and has
two servings; and phase C is red with three servings. The
insulation of the individual conductors is exposed to
shipboard ambient temperatures and perhaps oirciroll
fumes and z...ridental damage. After an exposure period
of five years or more, the conductor insulation may
have lost elasticity to the extent that it will crack when
bent while being handled, such as it would IN; when the
casualty power system is rigged for emergency use. The
exposed ends of the individual conductors of the
casualty power cables should be inspected in accordance
With PMS. The best method of determining acLeptable
insulation is to bend sharply all conductors by hand. If
no cracks develop, the insulation is satisfactory. If
cracking occurs, repair a defective cable as follows:

1. Cut off the protruding ends and prepare
new term'mals as s!..3wn in figure 4-22. To avoid

METAL CABLE TAG

inserting a bare conductor into bulkhead termi-
nals, do not strip more than 1 1/4 inches of
the insulation from the conductor.

2. Apply one heavy coat of clear air-drying
varnish, grade LA, to the cut ends of insula-
tion. Varnishing makes the cut ends watertight.

3. Place a round copper ferrule on the con-
ductor and secure by .forming as shown in
figure 4-23.

4. Use either of the following methods so
the phase can be identified by touch and color.
Method 1 (fig. 4-22). Apply close wrappings of
cotton twine approximately 3/64 inch indiameter,
knot securely, and coat with varnish. Use one
wrapping on the black wire (phase A), two wrap-
pings on the white wire (phase B), and three
wrappings on the red wire (phase C). Method 2
(fig. 4-24). Instead of cotton twine, 0-rings
and heat-shrinkable colored tubing are used.

14" MINIMUM

PHASE MARKINGS
( "0" RINGS )

COPPER
FERRULE

.

TUBING 3/4" I. D. FS N

BLACK 5970 - 914- 3118

WHITE 5970- 812-1360

RED -. 5970-914-3117

CLEAR 5970-767-0511

CLEAR (2" I. D. )- - - - - - 5970-089-1454
"0- RING ( 3/8" I.D.) 5330-050-1211

HEAT GUN 4940-561-1002

HEAT SHRINKABLE
TUBING

Figure 4-24.C asualty power cablenew Method of serving.

92;4-20

I)-

77.313
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'The number of 0-rings correspond to the number
of wrappings in method 1 above. Measure the
individual conductors for proper placement of
the 0-rings and roll the rings on the conductors.
Then cut the tubing to proper lengths, slide them

_aver the -rings, andapply-heat-with-a-heat-guni---
The tubing will shrink around the conductors and
rings, making clear and distinctive markings
for proper identification of the casualty power
cable. The 0-rings, tubing, and heat gun used
in this method are readily Available in the
naval supply system.

rs_TEIT

I

STEP

Poi. ie casualty power cables should be
rigged oilLy when required for use or for prac-
tice in rigging the casualty power system. At
all other times, they should be stowed in the
cable rack indicated on' thr cable tag. When
portable casualty power cables are rigged, con:-
nections should be made front the load to the
supply to avoid handling energized cables.

Casualty power cables are a very important
part of the ship's equipment. Each year the
cables and terminal connections should be closely
inspected and tested.

If in checking the work schedule, you find that the
division PO has 'assigned yeti! anti 2 ctri 'cf.?* to neontrtplith
the inspection of the casualty power cables, proceed'as
follows. Remov e the appropriate maintenance
requirement' card from the file or cardholder in your
Shop. Read the card carefully, it tells what tools and

'material the job will require, safety precautions to
observe, and procedures to follow. The total manhours
the job should require will vary depending on your
particular type ship.

SHORE POWER CABLE

A shore terminal box is provided at a suit-
able weatherdeck locatiOn aboard ship. Portable
cables from shore power or from a ship along-
stile can he attached to the shore terminal box
to supply power to the ship's distribution system.
This same connection can be used to supply
power from the ship's service generators to a
ship alongside. The shore power system is
designed to handle only enough power to operate
necessary machinery and provide illumination
for habitability and the accomplishment of neces-
sary work. Care must be exercised not to exceed
the capacity of the system when it is in use.

4-21

STEP 3

4"

T P 4

11111111111mallimi,STEP 5

A ktw

STEP 6 .A q1 T1

OS"
4C., I

NYLON LOCATING PIN

STEP T

02:1119_

1111141010
PHASE u4FIKINGs

P7

CONTACT HOUSING

C

70,6:103,141
Figure 4-25.Shore power cable ends.,

Older type flexible shore power Cables are
connected to their shipboard terminal boic(es)
by bolted (fig. 4425B) lugs. Later type cables
have-- Molded rubber plugs (fig, 4-25C) with
contacts which are plugged into 400-ampere
(3-terminal) receptacles.

For a-c systems; the flexible shore potver
cables are 3-conductor, 400,000 cm (type THOF-
400). These are rated 366-amp and 338-amp
in ambient temperaturc. of '40 °C and 50°C, re-
spectively. Where practical for maintaining the,
best voltage regulation, several cables Should
be connected to limit each conductbr's 'current
below 250 amperes. However, all cables should
be able to safely carry 400-ampere loads for
2 to 3 hours when the desired arrangement is
not practical.

The lug ends of all shore-power cables (if
not already prepared when receiv d aboard ship)
should be made up in the f owing manner:

, ,r
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1. Remove the outer sheath from the cable
for approximately 2 feet, or ,a sufficient distance
to perm:t ready attachment to the shore terminal
box (step 1, fig. 4-25A), Do not damage the
insulation of the individual conductors.

2. Taper the end of the outer sheath, starting
about 1 inch back from the cut end (step 2,
fig. 4-25A).

3. Apply a coat of air-drying, insulating
varnish to the crotch of the cable and allow it
to dry (step 3, fig. 4-25A).

4. Apply two layers of pressure-sensitive
synthetic resin tape or friction tape (half-lap),
starting -..ut 2 inches back of the c-.otch and
finishing about 2 inches in front of the crotch
(step 4, fig. 4-25B).

5. Reinforce and seize the tape with alerving
of treated glass cord, and coat the com2leted
serving with-ai-r-drying-insuratiliefarnish (step 5,
fig. 4-258).

6. Apply a serving of treated glass cord;
colored for phase marking (step 6, fig. 4-25B).

7. Attach lugs as furnished with the ship's
shore terminal box (step 7, fig. 4-258). Stamp
the lugs to indicate the phase (A, 13, (;) or
polarity (+,+ , '-) of the conductors.- The lug
markings, the colored glass cord serving, and
the color of the conductor should all agree
with the phase and polarity code for light and
power conductors (table 4-2). _

The terminal connecting block, and terminals
of the ship's shore terminal box must be plainly
marked to indicate phase sequence or polarity,
as appropriate. For example, the termlnal of
the black conductor should be stamped (A) to
indicate phase A; or stamped (+) to indicate
polarity. The color code of cables /should not
be implicitly trusted because the conductors
(from exposure) may become discolored or lose
their original colori.

When practicable, follow these procedu :-es in
connecting shore poweeVables.

Test he ship's Ishote. 'terminal box for
proper marines after energizing the shore termi-
nal box from the ship's service generator. Check
the phase sequence of a-c systems by testing
the terminals with a phase-sequence indicator,

or check the polarity of d -e systems by testing
the terminals with a polarity-indicating_ voltage
tester. (A little later on in this chapter, you
will find a de..cription of the phase-sequence
indicator and the procedure for checking phase
sequence-4

After determining the correct connections,
secure the ship's power to the shore terminal
box by opening the ship's shore power switch.
Tag this switch in the manner prescribed for
tagging circuits on which men are working.

Rig the shore power cable and connect
one end of it to the ship's shore terminal box.
Make certain that the leads are properly con-
nected in accordance with the terminal markings
of the box.

Check the terminals on the shore connection
with a voltage tester, and.after it has been deter
Inined_that- theyaredeenergized, connect the
other end of the shore power cable leads.

Energize the cable from the shore power
supply, and test the phase sequence or polarity,
depending on whether the system is a-c or d-c.
Only after the phase sequence, or polarity, matches
that of the ship's power may the ship safely be
switched to shore power. Tne prcicedure for
switcning to shore power is given in einlytel
A-C Power Distribution Systems.

Warning signs indicating the voltage of the
cable should be attached to the shore power
cable at intervals to warn personnel to keep
clear of the cable. All connections must be
tightly made to prevent damage to the terminals
or leads as a result of overheating and1 arcing.

- The procedures and precautions that follcw
apply to all portable cables as well as the shore
power cables. Spliced 'portable cables are ex -.
tremely dangerous and should not be used unless
an emergency warrants the great risk involved.
Portable cables must be of sufficient length to
prevent their being subjected to longitudinal
stresses and the need to be pulled taut to make

'connections. Current-carrying capacity must be
ample for the expected power demand. The cable
mast be checked. frequently to ascertain the
degree of heating, and any cable that feels

uncomfortably warm to the bare hand (placed
outside the insulation) should be checked im-
mediately for overloading or loose connections,'
Interconnections between lengths of portable cable
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Figure 4-26. Phase-sequence indicator

and connections.

1

shall be made only ono approved cknnection
block or by other approved fittings OA shall
be suitably insulated and, enclosed to eliminate
all possible hazards from fire or shock to
personnel.

Always support portable cables above decks,
floor plates, and grati offs. Never . Mac* them
where they can be damaged by falling objects,
by being walked on, or by contact with sharp
corners or projections in the ship's hull or
other objeCts. Where portable cablespass through

ettltrrways or hatches, provide stops to prevent
cabids from being pinch by a door or hatchcover....
Phase-Sequence Indicator

As mentiNted eLlier,
dator is used in connect'
a-c distribution system.
sequence or order in w
3-phase system appear.

phase-seq nee indi-
shore cables to an

hale sequence is the
the voltages of a

An approved type of phase-sequence indicator
(fig. 4-26A) has a mini .ture, 3-phase induction
motor and three leads labeled A, B, and C.
The miniature motor can be started by means
of a momentary contact switch. When the motor
starts turning, you can t
rotation by looking throug
in the -instrument. Clockwi

its- direction of
he -three ports
rotation would

indicate correct phase sequence. You .stop the
motor by releasing the momentary contact switch.

When conrectiA a-c shore power to the ship,
connections Inuit be made so that the phase.
sequences of the two systems will be the same. .

To ensure the phase sequences are the same
use the phase sequence indicator (fig. 4-26),
connect indicator terminal, A to Xl, $ to Yl,

426B) and press the contact
switch, noting the direction of rotation of
motor. Next, move the A terminal tct7,th*
to Y, and the'C to Z, and again press the switch.
If the motor turns in 101- same directions as
before, the phase rotation' is the same and the
connection can be made X to Xl, Y to Y3.; andZ to Zi. If the motor turns in the opposite
direction, transpose the connections of any two
of the incoming shore power leads before making
the connection.

It is not absolutely necessary th of the
phase sequence indicator be connected The 'top
ierminai, 15 to the center terminal, and C to
the bottom terminal.- The important-thing is to
ensure that the phase sequence indi. for lead
that was used on Xl be brought o . to X,
the one used on Yl to Y, and the one r.ed On
21 to Z. If, after, shifting the indtaator to X,
Y, and Z, the rotation is counterclockwise,
reverse any two of the shore power leads which
will reverse the direction of rotation of the in-
dicator, resulting in clockwise
RF COAXIAL CABLLS

.

Radio frequency cables may look like pgwer
clp).es, but they require special handline%id
careful installation. These cables ure vital to
the droper operation of all electrnnic muipm-ent
and 'therefore must be installed and maintained
with the greatest, care.

Construction

Flexible radio - frequency transmissidn finds
(coax) are two-conductor cables, one cd4uctor
of which is concentrically containgt within the

ir
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other, as illustrated in figure 4-27. Both con-
ductors are essential for efficient operation of
the transmission line. The proper connectors
and terminations are also necessary for efficient
operation of the line.
The inner conductor may be either -scitid or
stranded and may be made of unplated dapper,
tinned copper, or silver-plated copper. Special
alloys may 're used for special cables.

The dielectric insulating material is usually
polyettwlene 01 teflon, although neoprene or
other rubLor-like materials are occasionally
used for pulse cables. (Pulse cables carry d-c
pulses that may have relatively high voltages
during a. relatively short pulse time.)

Braided copper is usually used for the outer
conductor; it may be tinned, silver plated, or
bare. The outer conductor is chosen to give the
best electric 1 qualities consistent with maxi-
mum flexib

The prat ctive insulating jacket is usually
a synthetic ,g astic material (vinyl res n). Neo-
prene rubbil. is generally used on pule cable;
silicone rudber jackets are used f
temperature applications.

Armor is needed for protection. It may
braided aluminum, or sometimes galvanized steel,
shnilar to that used on power cables.

Polyethylene is a gray, translucent material.
Although it is tough under general usage, it will
flow when subjected to neavy pressure fur Et

period of time.
Teflon is a white opaque plastic material.

This material will withstand high ternperatures
and will remain flexible as relatively low tem-
peratures. It has a peculiar quality in that
nothing will stick to it and it is unaffected by
the usual solvents.

Synthetic rubber-- .(neoprene) is very flexible
and adheres tightly to metals (conductors). This
flexible TRF type cable is used primarily as
welding cable to carry high current.
Installing the Cables

When possible, cables are run along different
well separated paths to reduce the probability of
battle damon.e to several cables simultaneously.
Wherever possible, high-temperature locations
are avoided. 'Pulse cables are run separately,
when possible, -to reduce coupling and inter-
ference.

Because attenuation (powez,loss) in a line
increases with its length, cables are kept as
short as 'practicable consistent`wilb avoiding
high-temperature locatioas, sharp bends, and
strain on-the cable..

PROTECTIVE OR SHIELDING ARMOR

PROTECTIVE INSULATING JACKET

0 TER CONDUCTOR

DIELECTRIC INSULATING MATERIAL

INNER CONDUCTOR

1.43
Figure 4-27. Construction of flexible RF

transmission line.

Flexible cAbles are flexible only in the sense
that they will assume a relatively long bend
radius: They are not intended to be stretched,
compressed, or twisted; and they are installed
with this in mind. Bends are made as large as
practic ble, the minimum radius of bend being
10 tim s the diameter of the cable.

Th number of connectors are geneiplly
kept a minimum to reduce line losses and
maintenance problems.

Fabricated straps are used for holding the
cables. They are snug, but not too tight. Back
straps (which keep the cable away from a surface)
;-t.i.e used Is alak14- cable rune alon- maate or
in compartments (that are subject to sweating.
In more recent installatiws semicontour straps
and cable bands are used Mr certain applications.

The exact methods of installing cables an? included
in the Electronics Installation and Maintenance Book,
NAVSEA 0967-000-0110.

--Remember, the Cable Comparison Guide; NAVSEA
0981-052-8090, contains information pertaining to all
types of electrical shipboard cable.

CABLE MAINTENANCE

The primary purpose of electrical cable
maintenance is to preserve the insulation resist-
ance. Hence, it is important to know the charac-
teristics of the insulating materials that are used
in naval shipboard electrical equipment and the
factors that affect insulation resistance.

Insulation

The purpose of insulation on electric cables
and equipment is to (1) isolate current-carrying
conductors from metallic and structural parts,.

i26 4-24
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Chapter 4 ELECTRICAL INSTALLATIONS

and (2) insulate points of unequal potential on
conductors from each other. The reastance of
such insulation should be sufficiently high to
result in negligible current flow through or over
its surface.

The electrical insulating materials used in naval
shipboard eleCtrical equipment (including cables) are
grouped according to their temperature composition for
example, class 0, class A, class B, class C, class H, class
E, and class T insulation.

Class 0 insulation consists of cotton, silk,
paper, and similar organic materials'whan neither
impregnated nor immersed in a livid dielectric.
Class 0 Insulation Is seldom used by itself in
electrical equipment'.

Class A insulation consists of (1) cotton,
paper, and similar organic materials when they
are impregnated or iffimersed in a liquid di-
electric; (2) molded and laminated materials
with cellulose filler, phenolic resins and other
resins of similar properties; (3) films and sheets
of cellulose acetate and other cellulose derivatives
of similar properties; and (4) varnish (enamel),
as applied to conductors.

Class B insulation consists of mica, asbestos,
fiber glass, and similar inorganic materials
in built-up form with organic binding substances.

Class H insulation consists of (1) mica,
asbestos, fiber glass, and similar inorganic
materials in built-up form with binding substances
composed of silicone compounds or materials
with equivalent properties; and (2) silicone com-
pounds in the rubbery or resinous forms, or
materials with equivalent properties.

Class C insulation consists entirely of mica,
glass, quartz, and similar inorganic material.
Class C materials, like class 0, are seldom
used alone in electrical equipment.

Class E insulation is an extruded silicone
rubber dielectric used in reduced-diameter types
of electric cables in sizes 3, 4, and 9. Special
care should be exercised in handling the cables
to avoid sharp bends and kinks that can damage
the silicone rubber insulation on the old types
that did not employ a nylon jacket over each
insulated conductor.

Class T insulation is a silicone rubber treated
glass tape, which is also used in reduced-
diameter cables in sizes 14 through 2,000.

Propulsion generators and motors are usually
insulated with class B insulating materials.
Ship's service and emergency generators me),
have either class A, B, or H materials; however,
the trend is away from class A, Auxiliary
motors are usually class A, although the trend
is toward class B and class H materials. Lighting
transformers for 60-hertz service are class B
insulated, and 400-hertz transformersare class H
insulated, Miscellaneous coils for control pur-
poses may be class A, B, or H, but the majority
of such coils are class A insulated.

Temperature Effect's on Insulation

It is important to maintainoperatingtempera-
ture of electrical equipment within their desigr.ed
values to avoid premature failure of insulation.
Temperatures only slightly in excess of designed
values may produce gradual deterioration, which,
though not immediately apparent, shortens the
life of the insulation. The-highest temperature
(hot-spot temperature) to which class 0 insula-
tion may be subjected continuously with normal
life expectancy (5 years) is 90° centigrade,
class A insulation, 105° centigrade; class B
insulation, 130° centigrade; and class H, 200°
centigrade. No limit has been established for
class C insulation.

The ultimate temperature rise of electrical
equipment is reached when the rate at which
heat is developed equals the rate at which heat
.is transferred to the surrounding atmosphere.
The heat developed by electrical equipment can
usually be measured with accuracy but the
temperature of the immediate surrounding area
(known as ambient temperature) can become
critical to the equipment if proper ventilation
is not maintained.

The maximum allowable temperature rise and the
design ambient temperature allowed for electrical
equipment are usually shown on the nameplate, on
equipment drawings, and in the technical manual for the
equipment. When information is not available from
these sources, the maximum permissible temperature
rises, shown in Chapter 300 of NavShips' Technical

4-25 rt 97,
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Figure 4-28.Measuring insulation resistance of a lighting circuit.

Manual, shall be used as a guide for checking or testing
windings of rotating electrical machinery.

The engineering design of ships takes into
account the relationship of cable sizes and
resistances with the cable load currents and
temperatures.

77,25

Insulation Resistance Measurements

The insulation resistance of shipboard elec-
tric:al cable must be measured periodically with
an insulation-resistance-measuring instrument
(mgger) to determine the condition of the cable,

98 4-26



Chapter 4 ELECTRICAL INSTALLATIONS

Measurements should be made on each in-
dividual leg of d-c circuits and each individual
phase lead of 3-phasesa-c circuits.

For lighting circuits, the legs or phase leads
should include all panel wiring, terminals,
connection boxes, fittings, fixtures, and outlets
normally connected, but with lights turned off
at their switches and with all plugs removed
from the outlets (fig. 4-28). If local lighting
switches are double pole, the insulation resistance
of the local branch circuit will not be measured
when the switch is open. In such cases, making Measurements of these circuits (lighting,an insulation test from one leg or phase lead power, and degaussing circuits) should be made
to ground with the local switches closed wW.as follows:
determine whether grounds exist on the circuits
and fixtures.

measured should include the coil cables, through boxes,
and feeder cables. Disconnect the supply and control
equipment by opening the circuit on the coil,side.of the
control equipment. MediUre the compass-compensating
coil feeder' cable with all control equipment
disconnected. Additional information on tests of
degaussing installa:lons is obtained in NavSi,:ps
Technical Manual, Chapter 475 and in the degaussing
folder furnished with each degaussing installation.

For power circuits, the legs or phase leads
should include panel wiring, terminals, connection
boxes, fittings, and outlets (plugs removed)',
motor controller terminals, and other equipment
that remains connected when the legs or phase
leads are isolated by opening switches (or circuit
breakers) at the switchboard, and by leaving
motor controller contactors open (fig. 4-29).

For degaussing circuits, measurements should be
taken at a degaussing coil connection box; the legs

SWITCH OR CIRCUIT
BREAKER OPEN

C
FEEDER

4?, Check to see that the cable armor is
adequately grounded by measuring between the
cable armor and the metal structure of the
vessel (step 1, fig. 4-30); normally, grounding
has been accomplished by means of cable straps.
If a zero reading is not obtained, ground the
cable armor.

2. Select one lead to be measured, and connect
all the other leads, in the cable together and
ground them by means of temporary wires
(step 2, fig. 4 -30).

SWITCHES OR
CIRCUIT BREAKERS,

CLOSED

1,

L _J
. SWITCHBOARD

ADEQUATELY
GROUNDED BY
CABLE STRAPS

AND CLIPS

CONTACTORS OPEN

I

pW

L
POWER DISTRIBUTION

PANEL

MAIN

MOTOR

CONTROLLER

77,26
Figure 4-29.Measuring insulation resistance of a power circuit.
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STEP-4

or at least 0.5 megohms for each complete
lighting circuit. The -minimum acceptable value
of a degaussing circuit to ground is 0.1 megohm
from any leg, which .includes the coil cables,
the through boxes, and the feeder cables, of
a degaussing circuit to ground. If the readings
are lower than these minim im values, they
should be considered satisfactory if they are
not lower than previous measurements made
under the same conditions (same cable with the
same equipment connected and approximately the
same average sheath temperature), provided the
value of the previous measurements has been
established as satisfactory by further investi-
gation and satisfactory service operaton.

Where the insulation resistance of a circuit
is less than the minimum described above, the
low resistance may be due to trouble localized
in a segment of the circuit. To determine the
cause, segregate the circuit into two or more
parts by opening switches and circuit breakers,
removing fuses, etc. at the feeder distribution
panels and boxes, and measure the insulation
resistance of each segment. One or more of the
segments may indicate abnormally low resistance.
The low values on these segments may be due
to low insulation resistance at cable junctions
or in equipment remaining connected to the
segment. Inspect and correct any such faults by

77.27
cleaning or corrective action as necessary.',

Figure 4-30. Measuring circuit insulation
resistance.

3. Measure the resistance of the lead being
tested to ground (step 3, fig. 4-30). The test
voltage should be applied until a constant reading
is obtained. Hand-driven generator type instru-
ments (meggers) should be cranked for at least
30 seconds to ensure a steady reading.

4, Repeat steps 2 and 3 as necessary to
measure each leg or phase lead to ground
(steps 4 and 5, fig. 4-30). When circuits contain
permanently connected paths between legs or
phases, such as transformers, indicator lights,
control relays, etc., measurements need be made
only between one lead and ground unless low
readings requiring further tess are obtained.

These measurements of resistance should
be considered satisfactory if they are not less
than 1 megohm for each complete power circuit

If successive isolation of components from the
circuit indicates that the low insulation'resistance
is due to the cables, the acceptance values which
shall be used to judge whether or not a cable
is safe to operate depend upon the temperature,
the cable length, and.the type of cable. Measure-
ments shall be made either immediately upon
deenergizing circuits which have been energized
for at least four hours, or after the circuits
have been deenergized for at least four hours.
Circuits which have been deenergized for at
least four hours shall be classed as either in
a warm ambient or in a cold -ambient. A warm
ambient is defined as a warm climate or a
condition in which the entire cable is in a
heated space and not in contact with the ship's
hull. A -cold ambient is defined asii-COld-climate
or a condition in which most of the cable .is in
an unheated space or is against the ship's hull
in cold waters. The cable temperature shall
be considered to be 104°F if the cable has been
energized for four hours, 70°F if it is deenergized
in a Warm ambient, and 40°F if it is deenergized

OD 428
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Figure 4-31. Nomograph for obtaining resistance per foot.

in a cold ambient. In figure 4-31, select the
point of allowable resistance per foot based
on the ambient condition and the type of cable.
Using the nomograph, a straight line from the
measured insulation resistance to the length of
cable should cross Rim resistance per foot line
above the selected minimum resistance per foot
point. Corrective action is required if the re-
sistance per foot is less than the selected point.

You must keep in mind thitt when checking
insulation resistance on circuits where semi-
conductor control devices are involved, the 500 -
volts d-c megger can NOT be used. An electron
tube megohmmeter is used on circuits and
components where insulation resistance must
be checked at a much lower potential. The
megohmmeter operates on internal batteries
and when circuits or components under test
contain a large electrical capacity, themegohmz-
meter READ button must be depressed for a
sufficient time to allow its capacitor to charge
before a steady reading is obtained. The test
voltage applied by the megohmmeter to an unknown

resistance is approximately 50 volts when
measuring resistances of approximately 10 meg-
ohms and slightly greater than this when measur-
ing higher resistances.

CONTROL DEVICES

A CONTROL DEVICE, in its simplest form
is an electrical switching device that applies
voltage to or removes it from a single load. In
more complex control systems, the initial SWITCH
may set into action other CONTROL DEVICES
that govern the motor speeds, the compartment
temperatures, the depth of water, the aiming
and firing of guns, or the direction of guided
missiles. In fact, all electrical systems and equip-
ment are controlled in some manner by one or
more CONTROLS.

MANUALLY OPERATED CONTACTS

Manually operated switches are those familiar
electrical items which can be conveniently oper-
ated with the hand. The pushbutton (fig. 4-32)
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73,291
Figure 4-32. Manually operated contacts.

is the simplest form of electrical control. When
the button is pushed down (fig. 4-32A), contact
is Made across the two circles representing
wire connections. When pressure is released,
a spring (not shown). opens the contact. Figure
4-32B shows a normally closed contact. When
it is pressed, contact at the two terminals is
broken. When pit is released, a spring-loaded
feature (not shown) .closes the switch again.
The switch- in figure 4-32C is designed to make
one contact and break another when it is pressed:
the upper contact is opened when the lower is
i.losed; again, the spring arrangement (not shown)

'=.resets the switch to the position shown. The
switch in figure 4-32D is a maintained contact
type. When it is pressed, it hinges about the
center point and will stay in that position until
the other part of the button is pressed.

ELECTRICALLY OPERATED CONTACTS

Schematic wiring diagrams have both push-
button and electrically operated contacts. Shown
in figure 4-33 are 'control contacts illustrated by
two different methods. Figure 4-33A is shown in
the normally open (NO) position therefore, it

closes when operated. Figure 4-33B is shown
in the normally close (NC) position therefore,
when energized, it opense Figure 4-33C, D,
E. and F are timer contacts. That is, after
being energized it will take some time for these
contacts to close or open as the case may be.
This time element is controlled by a timer .

motor, by a dashpot, pneumatically, or by mag-
netic flux. Notice that those devices that are
timed closed or open have this indicated at the
lower contacts: TC means timed close, TO
means timed open, and TO ENERGIZE means
that while this contact is already shown open,
before it can be timed open, it must close.
In operation this switch might be closed by a
clutch in a timer assembly. After the timer
motor operates through a given number of revo-
lutions, a clutch in the timer will release the
contact causing the switch to reopen. The timed
switches may also be illustrated with an arrow
which indicates .whether the contact is timed
open or time closed The direction of the arrow
serves to indicate whinh condition exists.

LIMIT SWITCHES

In certain applications the ON -OFF switch
does not give enough control to ensure safety
of equipment or personnel. A limit switch is
incorporated in the circuit in order that operat-
ing limits are not exceeded.

The limit Svyitch is' installed in series with
the master switch and the voltage supply. Any
action causing the limit-switch to operate will
open the supply circuit.

One application of limit switches, is in equip-
ment that moves over a track. It is possible to
apply power so that operation will continue until
the carriage hits an obstruction or runs off the
end of the track..

0 0 -esa or or
-I I- I- 1k -I I-

NO NC TC

A B C
TO

D-
TCE -I E-

TO ENERGIZEF
Figure 4-33. Electrically operated contacts.
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VtX

77.250
Figure 4-34.Limit switch, roller actuator arm

operated.

If limit switches are ingtalled near the end
of -travel, an ,.rm or projection placed on the
moving section will trip a lever (as shown in
figure 4-34) on the limit switch. The switch then
opens the circuit and stops the travel of the car-
riage. This type of control is a direct-acting,
lever-controlled limit switch. Another type, an
intermittent gear drive limit switch, may be
coupled to a motor shaft to stop action when a
definite number of shaft revolutions is completed.

FLOAT SWITCHES

A float sw.tch (figs. 4-35 and 4-36) controls
electrically driven pumps used to fill or empty
tanks.

Construction

In a tank installation (fig. 4-35) the deck and
overhead flanges are welded to the deck and
overhead of the tank. The float guide rod, E,
fits into the bottom flange and extends through
the top flange. The float guide rod then passes

through an °Mining in the switch operating arm.
Collars A an B on the guide rod exert upward
or downward pressure on the operating arm as
the float approaches minimum or maximum depth
positions. The switch operating arm is fastened
to the shaft, which is coupled to the switch
contact mechanism (fig. 4-36). Collars C and D
on the guide rod are held in position by set-
screws so that their positions can.be changed to
set the operating levels to the desired points.

As the float goes up and down, corresponding
to the liquid level, it does not move the operating
rod, E, until contact is made with either collar,
When the float comes in contact with either
collar, the external operating arm of the switch
is moved and the switch is operated.

Although the switch assembly is of rugged
construction, it must be checked regularly for

groper performance.

Maintenance

a
The switch contacts should be kept in good

electrical condition. Determine the kind of metal
used for the contacts, whether copper or silver,
and apply maintenance procedures outlined in
Chapter 7, Motor Controllers. Of course, cont is
should never be cleaned .while power is app ed
to the circuit. Nor should lubricants be app ied
to contact surfaces:

PRESSURE AND
TEMPERATURE SWITCHES

Pressure and temperature controls have been
grouped together because the switching mecha-
nism is the same for both controls; the difference
is in the operation.

Pressure-controlled switches are operated
by changes in pressure iil an enclosure such as
a tank. On the other hand, temperature-controlled
switches operate from ci:anges in temperature
that take place in an enclosure or the air
surrounding the temperature-sensing element.
Actually, both switches are operated by changes
in pressure. The temperature element is ar-
ranged so that changes in temperature cause
a change in the internal pressure of a sealed
gas or air-filled bulb or helix, which is con-
nected to the actuating device by a rimall tube or
pipe., Temperature changes cause a change in
the volume of the sealed-in gas, which causes
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Figure 4-35. Float switch tank installation.

movement of a diaphragm. The movement is
transmitted by means of a plunger to the switch
arm. The moving contact is on the arm,_ and a
fixed contact may be arranged so that the switch
will open or close on a temperature rise.

1 04

DECK FLANGE

77.116

When the switch is used to control pressure;\
the temperature element is replaced by a tube
that leads to the pressure tank. The pressure
inside the tank then operates the switch meth=
anism.
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77.117.
Figure 4-36. Float switch mechanism.

that the differential can be varied over a small
range. Once set, the differential "remains es-
sentially constant at all pressure settings:

Each switch has a range adjustment that
sets the poinfrit which *he-.circuit is closeeChanging

the raulge adjustment raises or lowers
both the closing , and' opening points without
changing the differential. .

,
Operating. AdjuStments

Pressure or temperature controls may be
used as a pilot device (fig. 4-37). The circuit
operation is exactly the same regardless of the
kind of pilot device used to control the circuit.
To maintain more or less constant temperatuie
or pressure, switch contacts are arranged to
close when the pressure or temperature drops
to a predetermined value and to open when the
pressure or temperature' rises to the desired
value. The reverse action can be obtained by
changing the contact positions.

The difference in pressure for contact opening
and closing is the differential. The switch mecha-
nism has a built-in differential adjustment so

L I

t2

L3

M

MAIN CONTACTS
M

To set the operating range of the switch,
turn the differential adjustment screw (fig. 4-38)
dounterclockwise against the stop for minimum
differential. Bring the pressure to the value at
which the circuit is to be closed. If the switch
contacts 'are open at this pressure, turn the
range screw slowly clockwise until the contacts
close. If the.contacts are closed when the desired
pressure is reached, turn the range screw
counterclockwise until the contacts open; then
turn the screw slowly clockwise until the contacts
close. These adjustmentsset the closing pressure.

The pressure (keep in mind that changes in
temperature are converted to changes in pressure)
is now raised to the point where the circuit
is to be opened. Since the differential adjustment
is now set= at minimum. the circuit will probably
open at a lower pressure than desired; therefore,
turn the differential adjustment screw clockwise
to widen the differential until the desired opening
pressure is obtained.

MOTOR

M1
()LEWD

N C
its STOP S2f CONTACTS

A/-
0

START PILOT-
FUSE SI

I AUTO.
PILOT 010.J

DEVICE

77.118
Figure 4-37.Representative pilot device control circuit.
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77.119
Figure 4-38. Pressure-operated switch.

Thermal linit Type

° The bulb and helix units can be connected to
the switch section (fig. 4 -39). The bulb unit
(fig. 4-39A) is normally used when liquid tempera-
tures are to be controlled. However, it may control
air or gas temperatures, provided the circulation
around it is rapid and the temperature changes
at a slow rate.

The helical unit (fig. 4-39B) has been speci-
fically designed for air and gas temperature
control circuits. TO be most effective, the thermal
unit must be located at a point of unrestricted
circulatiOn sd it can "feel') the average tempera-
ture of the substance that is to be controlled.

Some switches are stamped. "WIDE DIF-
FERENTIAL. " They are adjusted in the same
manner described for the regular controls.
However, beCause of slight design changes it
is possible to get wider variation in differential
settings.

Maintenance

When adjusting temperature controls; allow.
several 'minutes for the thermal unit to reach
the temperatures of the surrounding air, gas,
or liquid before setting the operating adjustments.
After adjusting the operating range of pressure,
or temperature controls, check the operation
throuZ1 at least one complete cycle. If you

.

find 'variatio\ from the-desired operating values,
go through the entire procedure again and observe
operation through a complete cycle.

1

PILOT dONTROL DE E

A pilot is defined as a director. or guide of
another thing (o person). You may be familiar
with aip. Pilo , pilot rudders, and pilot flames.
In this text, a pilot is a small device that
controls a relatively larger device or Mechanism,
usually doing so by electrical means. The are-..
viously des'cribed float switch and presidre
operated switches are. representative examples
of such pilot devices. Pilot devices are limited
in their ability to handle large currents and
voltage reqUired to operate shipboard motors
or power-handling units. Therefore, it is cus-
tomary for a pilot device to actuate only a magnetic
switch. The magnetic switch can be chosen with
characteristics suiVle for handling the desired
amount of power in Ihe motor circui,66%

Use of a Pilot Device
Float switches used as pilot devices control

the pump operation through other controls. A
typical control circuit is shown in figure 4-37.

1 06434
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Figure 4-39. Thermal units.
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Switch(' $1 makes it possible ,to have either
manual or altomatic operation of the motor-
driven device. Wjien this switch is in the manual
position (the circuit is closed by the stmt -stop
switch, S2) current flows: through the contactor
(holding coil MI). which pulls' line contacts M
closed, And applies power to the motor. The
motor will\ then operate until it is .stopped
manually. ..

With Si in the automatic position, and the
start-stop switch closed, the motor will not run
uMss the switch on the pilot device is closed.
When the pilot device (in this example; the float
switch) closes the circuit, current flows through
the arm of Si to the operating coil, Ml, which
then pulls the tine 'switch contacts closed and
'starts the motor. The motor drives a pump that
fills the tank. When the liquid in the tank rises
to the desired level, the pilot device opens the
circuit and removes voltage from the'operating
coil. This action allows the line contacts to open
and stop the motor. This start-stop action will
jntinue automatically as long as the start-stop
switch is in the ON or START position and Si
is in the automatic po ition.

-

PROTE TIVE DEVICES

You have learned that the first thing to do. in
-";electrical thilure. is to check the fuseei, circuit,

breakers, Or other protective devides. A thorough
knowledge of these devices will help you isolate'
circuits in troubleshooting, find the cause of
interruptiOn, clear the tremble, and restore opera-
tton with ptinimmn loss of time. This chapter
concludes 'by describing types, operating princi-
ples, and maintenance of the relays and circuit
breakers .othat are used for circuit protection.

MAGNETIC OVERLOAD RELAY

A magnetic type of overload relay for a d-c
system is illustrated in figure 4-40. A pictorial
view and a diagram Identifying the variouf-
parts are shown in figure 4-40, A and P re-
spectively.

In an installation, the operating (series) coil
® is connected in series with the protected
circuit (fig. 4-40B). Normal current through the
coil will have no effect on relay operation. If
an overload occurs, increased current will flow

through the coil and, cause an incise in the
magnetic flux around the coil. When the flux
becbmes- great enough, the iron plunger 0 will
be lilted into t center of the coil, opening con-
tacts 0 and . This action opens the ntrol
circuit to the main contactor in series th the
motor terminals, thereby'disconnecting the, motor
from the line.

To keep the relay from operating when the
_ motor is ttfaWing aCheavy but normal starti

'current, an oil dashpdt mechanism and
is built in. This gives a time delay action that s
inversely proportional to the amount of overload.

Overload relays may use either single or
double coils. In addition, the single-coil over-
load relay may be obtained with or without a
manual "latching" control: Relays with manual
latching are used on three-wire controls and
reset automatically after, an overload has oc-
curred. Double-coil overload relays are .used
f two-wire control. They have a series coil
(6i carrying the load current and a shunt holding.
coil ® mounted above the series coil. These
two coils are connected so that their respective
fields aid each other. Then, when an overload
occurs the plunger moves up into' the shunt-
connected. field coil and is held in the tripped
position until the shunt coil is deene bythe pressing of a . reset button or some othe
form of contact (switch) device.

Before placing the ove oad relay in ce,
the indicating plate oW to allow dashpot

0 to be unscrewed from' the relay. Lift out
the plunger and make certain all of the
internal parts are clean, Place 'about 9/16 of an
inch of dashpot oil (furnished with the relay) in
the' dashpot. Replace the plunger and indicating
plate, and then screw the dashpot on the relay
to the desired setting.

The relay is calibrated at the factory for the
individual application, and the current values
for which it is calibrated are stamped on the
calibration plate . The marked values are
m'nimum, maximum, and midpoint currents.

The operating points ma be set by first
raising the indicating plate T which allows the
dashpot to be turned. Then, to lower the tripping
current, raise the dashpot by turning it.- This
action raises the plunger further into the magnetic
cirouit of the relay so-that a tower current
will trip the relay.

4-JS .
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,c)

D

A

1.. Dashpot 5. Plunger 8, Latch
2. Piston 6. Series coil 9. Movable contact
3. Indicating plate 7. Shunt coil 10. Stationary contacts
4. Calibtation plate (when used)

Figure4-40.Magnet& overload relay.

The current at which the relay trips may be
I. increased by turning the dashpot in a reverse

direction. This action, reduces the ntagnetfc pull
on the plunger and requires more current to
trip the relay. After the desired settings have
been obtained, lower the indicating plate over
the hexagonal. position of the dashpot to again
indicate the tripping current and lock the iashpot
in position.

Figure 4-41 shows two magnetic types of a-c
overload relays. Part A- is the nonlatching type,
and part B is the latching type. In part C the
various componenrs are identified.

The operating (series) coil 0 is connected
in series' with the ptotected circuit (fig. 4-41, C).'
Therefore,othe load current flows through the
coil. If the circuit current rises above normal

1 os- 436

77-.99

. .

because of overload conditions, 4 All cause an
increase in the 'magnetic lin.:a cr f'.i..;: about the
coil. The increase flux liftk: tht ?run plunger

into a center of the cs.,,i, au.1 opens the
contacts . This, in turn, .-,uses the pain
contactor not shown) to open, and disconcts
the motor or other device from the line. An
oil dashpot mechanism and 0 is used to
prevent the operation c(?the relay on motor
starting current surges.

If the relay does not have manual latching, a
three-wire control is provided to give automatic
reset after an overload occurs. The manual-latch
relay is generally used. with two-wire control.
The latch C) holds the contacts in the open
position after an overload has occurred and the
circuits have been deenergized. It is necessary
for the operator to manually reset the overload
relay at the controller.
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A-NONLATCHING B-LATCHING

OIL LEVEL WITH
PLUNGER AMIABLY
MOVED

1. Dashpot 5. Plunger
2. Piston '8. Series coil
3. Indicating plate 7. Latch (when used)
4. Calibration 8. Insulating splitter

plate 9. Contacto

77,100
Figure 4-41. A-c overload relays.

THERMAL OVERLOAD RELAY

Thermal type overload relays (a-c and d-c)
are designed to open a oircuit when excessive
current causes the heater coils to reach the
temperature at which the ratchet mechanism
releases. The heater coils are rated so that
normal circuit current will not produce enough
beat to release the ratchet mechanism.

The essential operating parts of a d-c thermal
overload relay (fig. 4-42) are the two heater
coils ® , two solder tube assemblies ®
and control contacts ® . Under normal conditions
the splitter arm (so called because it splits
the 'overload contacts) completes a circuit with
the contacts. The spring en under compression
and the operating arm 3 tends to rotate the
splitter arm out of the circuit. This action is
prevented by the ratchet assembly, which is
held by the solder film between the outer and
inner part of the solder tubes.

When current flows through the heater coils
and produces enough heat to melt the solder
film, the inner part of the solder tube assembly
rotates and releases the ratchet mechanism to
open the control cirOits. When this happens,the
circuit to the coil handling the power contacts
(not shown in the figure) opens and disconnectthe

load. As soon as the load is disconnectedrio
the heaters cool, and t.14 solder film hardens.
When the hardening is complete, the relay is
ready to be reset with the reset button.

An adjustable type therMal relay with magnetic
reset is illustrated in figure 4-43. This relay
may be adjusted to trip at a value between
90 and 110 percent of. the rated coil current.
To change the operating point, loosen the binding
screws that hold the relay heater coil ® (fig.
4-42) so that the coil position may be changed.
Moving the coil away from the relay will increase
the amount of, current needed to trip the relay.
Moving the coil closer to the relay will decrease
the current needed to trip the relay. This range
of adjustment is available only within the range
of 90 to 110 percent of coil rating. Each rating
has a different manufacture part number. The
correct rating is installed when the controller
is installed in the ship. Do not use another rating.
Make sure both heater coils in each overload
relay are the same rating.

The terminal plates and the underside of
the slotted brackets of the heater coil assembly
are serrated so that the coil is securely held
in position when the binding screws are tightened.
Some thermal overload relays have reset magnet
assemblies attached. It may become necessary
to replace the heater coils from the relay.
Then remove the four screws that hold the
overload relay to the mounting plate. When
removing the relay from the mounting plate,
use care not to lose the phenolic pin and bearing
block located between the thermal blocks on
the underside of the relay.
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1. Contact 4. Heater coil
structure 5. Solder tube

2. Screw 6. Screw
3. Operating arm 7. Splitter arm

77.101
Figure 4- 42. Thermal overload rela).

Next, remove the four large countersunk
screws that hold the mounting plate and the
reset magnet assembly to the square posts.
Remove the four screws in the mounting plate,
which support the reset magnet. Take care not
to lobe the lever and spring, ite s 0 and

Remove the two screws and pull
o the plunger guides. Remove t the old coil

eand install the new coil. Then insert the
p unger guides and replace the screws
Reassemble the magnet, spring, and lever to the
mounting plate. Mount the plate on the posts
and then mount the overload relay on the mounting
plate. Replace the heater coils as the last
operation. .

Overload relays are PROTECTIVE DEVICES.
After an overload relay has performed its safe-
guarding function it must be reset by the EM
before the-system can again be run with overload
protection.

it)

CIRCUIT BREAKERS

Circuit breakers have three fundamental pur-
poses: First, they are used to provide circuit
protection and to perform normal switching
operations. Second, they are used to isolate
a defective circuit while repairs are being

made. Third, circuit breakers are used in manual
and automatic bus transfer, also as starters
for large motors.

Air circuit breakers are used in switchboards,
switch gear groups, and in distr;.vtion panels.
The types installed on naval s.ips are ACB,
AQB, AQB-A, AQB-LF, NQB-A, ALB and NLB.
They are called air circuit breakers because the
main current carrying contacts interrupt in air.

Circuit breakers are available in manually
or electrically operated types. me types may
be operated both way. /while otheilb are restricted
to one mode. Mantely or electrically operated
types may or may not provide protective functions;
the following sections describe the differences
and uses of the various types of circuit breakers.
ACB

The ACB type of circuit breaker may be for
either manual local closing or electrical remote
closing. It has an open metallic frame con-
struction mounted on a drawout mechansim and
is normally applied where heavy loads and high
short circuit currents are available.

Figure 4-44 shows the external appearance
of a type ACB circuit breaker.

Type ACB circuit breakers are used to
connect ship's service and emergency generators
to the power distribution system. They are
also used on bus ties and shore connection
circuits, and on some feeder circuits from the
ship's service switchboard.

When used in these applications the pilot
device may Le a reverse-power relay or any
of tho control devices discussed later in this
chapter. The reverse-power relay is mounted
on the panel close to the circuit breaker. Other
automatic controls may be located at remote
points to give maximum protection to the circuit.

Circuit breakers designed for high currents
have a double-contact arrangement. The complete
contact assembly consists of the main bridging
contacts and the arcing contacts. All current
carrying contacts are high-conductivity, aro-
resisting silver or silver alloy inserts.

Each contact assembly has a means of holding
the arcing to a minimum and extinguishing the
are as soon as possible. The arc control section
is called an ,arc chute or arc runner. The
contacts are so arranged that when the circuit
is closed, the arcing contacts close first. Proper
pressure is maintained by springs to ensure the
arc contacts close first. The main contacts then
close.

When the circuit opens, the main contacts
open first. The current is then flowing through

1 1 0 43 8
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AM&

RESET MAGNET ASSEMBLY

DETAILS OF RESET MAGNET

9. LEVER
10. SPRING

1 I. COIL
12. SCREWS

Figure 4-43.Adjustable thermal relay with magnetic reset.

the arc contacts, which prevents burning of
the main contacts. When the arc contacts open,
they pass under the front of the arc runner.
This causes a magnetic field to be set up,
which blows the arc up into the arc quencher and
quickly opens the circuit.

Type ACB circuit breakers are available in
both manually (hand-operated) and electrically
operated types. Electrically operated ACB
breakers may be operated from a remote location.
The high interrupting types areelectrically oper-
ated because it is then unnecesfilary for personnel

77.102

to approach them in order to open or close
the circuit.

No circuit breaker, regardless of type, should
be worked on without opening the circuit. Remem-
ber that certain terminals may have voltage
applied to them oven though the breaker id open.
Aboard ship, power may be supplied to either
end of the circuit breaker.

AQB

Type AQB circuit breakers (fig. 4-45) are
mounted in supporting and enclosing housings

4-39 ;
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rARC QUENCHERS

OVERCURRENT TRIP

-2'7773
Figure 4-44. Type ACB circuit breaker.

of insulating material and have direct-acting
automatic tripping devices. They are used to
protect single-load circuits and all feeder circuits
coming from a load center distribution panel.

Where the requirements are low enough, t..,e
type AQB may be used on generator switchboards.
When it becomes necessary to replace one of
the older type circuit breakers, it should be
replaced by the newer AQB-A101, AQB-A250,
AQB-A400, AQB-A600, or AQB-A800 as required.

AQB-A250

The newer AQB type circuit breakers such
as the AQB-A250 have several advantages over
the older types. The outside dimensions of these
new breakers are the same for both the two-pole
and three-pole circuit breakers. They are de-
signed for front or rear connections as required
and may he mounted so as to be removable from
the front without removing the circuit breaker
cover. The voltage ratings of the AQB -A260 are
600-volts a -c, 80 -hertz or 250-volt8 d-c.

The 250-part of the circuit breaker type
designation indicates the frame size of the circuit
breaker. In a 250-ampere frame size circuit
breaker, the current carrying parts of the breaker

have a c ',ntinuous rating of 250 amperee... Trip
units (fig. 4-46) for this breaker are available
with current ratings of 125, 150, 175, and 250
amperes.

The trip unit houses the electrical tripping
mechanisms, the thermal element for tripping
the circuit breaker on overload conditions, ands
the instantaneous trip for tripping on short
circuit conditions.

In addition 100, 160, and 250 ampere rating
trip units'with a special calibration are available
for use with generator circuit breakers; Regard-
less of the trip unit used the breaker is. still
a 250-ampere frame size. The automatic trip
devices of the AQB-A250 circuit breaker are
"trip free" of the operating handle;. in other
words the circuit breaker cannot be held closed
by the operating handle if 'an overload exists.
When the circuit breaker has tripped due to
overload or short circuit, the handle rests in

4.40
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Figure 4-415.AQB-A250 circuit breaker

complete, front view.
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ARC
SUPPRESSOR

(I) STATIONARY CONTACT
(21 ARC SUPPRESSORS
(31 TERMINAL STUO NUTS ANO WASHERS
141 TRIP UNIT LINE TERMINAL SCREW-OUTER POLES
(51 TRIP UNIT LINE JERMINAL SCREW-CENTER POLE
(6) TRIP UNIT NAMEPLATE
(7) TERMINAL BARRIERS
(6) SHUNT TRIP OR uNOERvOLTAGE DEVICE
(9) AUXILIARY SVIITCH
(10) HOLE FOR SHUNT TRIP OR UNIDERVOLTAGE

RELEASE PLUNGER
(II) INSTANTANEOUS TRIP ADJUSTING WHEELS
(12) COTTER KEY HOLE

77.242
Figure 4- 46. AQB -A250 circuit breaker, front
view, cover and arc suppressor removed.

a center position. To reclose after automatic
tripping, move the handle to the extreme OFF
position which resets the latch in the trip unit,
then move the handle to the ON position.

The nQB-A250 circuit breaker may have aux-
iliary switches, shunt trip. (for remote tripping),
or undervoltage release attachments when so
specified. However, a shunt trip cannot be pro-
vided in the same breakewith an under-voltage
release since in all casas the shunt trip coil is
momentary rated and must be connected in series
with a circuit breaker auxiliary switch. Figure
4-47 shows a trip unit with shunt trip and a trip

UI TRIP UNIT LATCH PIN

141 AURILIARy SWITCH
AUIIILIARy SWITCH MOUNTING /CROW/

141 AUGILIART SWITCH LIVER
IS/ AUGILIAlly SWITCH MOUNTING /SACHET
MI SHUNT TRIP

A

111 SHUNT TRIP TUBULAR CORE

1111 SHUNT TRIP MOUNTING SCREWS

111) TUBULAR CORE 1ACR NUT

OCT HOLE FOP SHUNT TRIP PUSH
PIN

110 SHUNT TRIP PLUMBER

III UNOTRyOLTAGE

151 AUTILIARY SWITCH

IS) AUTILIART SWITCH MOUNTING SCRIPS

441 AUXILIARY SWITCH LIVER
1101 ARMATURE AIR SAP

1111 AUGILIARY /WITCH NOUN PINS NRACRET
1111

LOCH N

uNDIENvOtTapt KLERK PUSH POO

UT POR PUSH ROO
UNDERvOLTAGE REITASE MOUNTING OGRE W/

OW

GO UNDERVOLTAGE AAAAAAA ARMATURE
I?) UNCERVOLTAGE AAAAAAA MAGNET 114 RETAINING SPRINGS

IS) AAAAA URI TRAVEL A0JuSTINS SCREW

IS) SET SCREW FOR ARMATURE TRAVEL
AOJUSTINO SCREW

B

77.243.244
Figure 4-47. AQB-A250 trip unit: (a) with shunt

trip and auxiliary unit; (b) with undervoltage
release and auxiliary switch.
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ATTACHMENT WIRING IS" LONG

10 MINIMAL MOUNTING BLOCKS 12 R2OUIR20)
12) SLIP TYPE CONNECTORS

13/ TERMINAL STUDS
MMINALAOUNTINIII BLOCK INVENTS FOR BREAKER MOUNTING BOLTS

18/ TERMINAL STUD NUTS

Figure 4-48.AQB-A250 circuit breaker rear view, with terminal mountin blocks.

unit with undenoltage trip. The coil for a shunt'
trip has a dual rating for a-c and d-c voltages,
whereas the undervoltage trip .coils are wound
for a specified voltage, such as 450 a-c or
250 d-c and have rated pickup and dropout values.
The instantaneous trip setting of the AQB-A250
trip units may be adjusted by the instantaneous
trip adjusting wheels shown in figure 4-47.
Though not shown in the figure these trip ad-
justing wheels are marked for five positions,
LO-2-3-4-HI, the trip unit label (not shown)
will list the instantaneous trip value obtainable
for each marked position. Identical settings
must be made on each pole of the circuit breaker.
NEVER remove a circuit breaker cover to
perform adjustments while the circuit breaker
is in the closed (ON) position.

Terminal mounting block assemblies used in
conjunction with the circuit breaker (fig. 4-48)
for drawout mounting, consist of terminal studs
in terminal mounting blocks of insulating material.
The terminals of the circuit breaker have slip
type connectors which engage the terminal studs
as shown in figure/ 4-48. Two mounting blocks(
are usually requi4d for each circuit breaker.

77,245

This method of connecting a circuit breaker
to a bus or circuit is known as a "back-connected
circuit breaker." Circuit breakers which have
solderless connectors attached to their terminal
are commonly called "front-connected circuit
breakers." The interrupting rating of the AQB -.
A250 circuit breaker is 20,000 amperes at 600 -
volts a-c or 15,000 amperes at 250-volts d-c.

AQB-LF250

The AQB-LF250 circuit breaker (fig. 4-49),
com`Anes the standard AQB circuit breaker and
a current limiting fuse unit which interrupts the
circuit when the current is is excess of the
interrupting rating of the breaker. Constructed as
one compact unit, the AQB-LF circuit breaker
incorporates the current limiting fuses (fig. 4-50)
as integral parts, of the circuit breaker. The
Common trip features of the AQB-A250 circuit
breaker are retained and trip units from 125
to 250 amperes and available for use in the
AQB-LF250.
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( II OPERATING HANDLE SHOWN
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(2) AMPERE RATING MARKER
(3) BREAKER MOUNTING SCREWS
(4) COVER SCREWS
(5) BREAKER NAMEPLATE

(6) FUSE UNIT ASSEMBLY
(7) FUSE UNIT MOUNTING

SCREWS
(8) FUSE UNIT NAMEPLATE
(9) BREAKER COVER
(101 COTTER KEY HOLE

77,246
Figure 4-49. AQB-LF250 complete circuit

breaker, front view.

The current lim'ting fuse unit is designed
so that itttrips the breaker and opens all poles
if any current limiting fuse (fig. 4-61) is blown.
After a fuse has blown, the circuit breaker
cannot be reclosed until the blown fuse is re-
placed. Any attempt to remove the fuse unit
when the circuit breaker is in the closed position
will automatically trip the breaker.

The AQB-LF260 circuit breaker is inter-
changeable with the AQB-A260 circuit breaker
except a larger cutout is required in the switch-
board front panel to accommodate the fuse unit
of the AQB-LF260.

The AQB-LF260 circuit breaker is a 260
ampere frame size, however, the circuit breaker

has an interrupting rating of 100,000 amperes
at 500-volts a-c wh,rcas the AQB-A250 circuit
breakers interrupting rating is 20,000 amperes
at 500-volts a-c.

While the AQB-A250 circuit breaker could'be
either front or back connected, the AQB-LF250
is _designed_only for back (drawout type) con-
nection, using the same type of slip conneOto-r-s
term!nal studs as shown in figure 4-48.

NQB-A250

The NQB-A250 circuit breaker (fig. 4-52) is
similar to the AQB-A250 circuit breaker except
the NQB-A250 has no automatic tripping devices.
This type of circuit breaker is used for circuit
isolation and manual transfer applications. This
NQB-A250 is still a 250-ampere frame size as
the current carrying parts of the breaker are
capable of carrying 260 amperes. Technically
this circuit breaker is simply a large on-and-
off switch. Some type of AQB and NQB breakers
are pr Added with electrical operators mounted
on the front of the breaker, These are geared
motor devices for remote operation of the breaker
handle.

ALB

Type ALB circuit breakers are designated
low-voltage, automatic circuit breakers, The
continuous duty rating ranges from 6 through
200 amperes at 120-volts a-c or d-c. The
breaker is provided with a molded enclosure,
drawout type connectors, and nonremoveable
and nonadjustable thermal trip elements.

This circuit breaker is a quick-made, quick-
break type. If the operating handle is in the
tripped (midway between ON and OFF) position,
indicating a short circuit or overload, the operat-
ing handle must be moved to the extreme off
position, which automatically resets the overload
unit and the breaker can again be closed,

NLB

Circuit breakers type NLB are identical to
ALB types except that they have no automatic
tripping device and are used only as on-off
switches,

Selective Tripping

The purpose of selective tripping is to isolate
the faulty section of. the system and at the
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BREAK ER OPERATING HANDLE SHOWN IN

TRIPPED POSITION

AMPERE RATING MARK ER

BREAKER MOUNTING SCREWS

COVER SCREWS

CURRENT LIMITING FUSES

FUSE UNIT ASSEMBLY

FUSE-UNIT-R4TER1.0...CPIN-

TRIP LEVER

FUSE SLIP-ON CONNECTORS

FUSE RETAINING BLOCK SCREWS

INSTANTANEOUS TRIP ADJUSTING WHEELS

77..247
Figure 4-50.Complete circuit breaker, front view with fuse unit removed.

.

(1) FUSE RETAINING BLOCK

(2, 3 IL 4) CURRENT LIMITING FUSES

(51 EXTENDED PLUNGER OF BLOWN FUSE

(6) RETRACTED PLUNGER OF UNBLOWN FUSE

(7) FUSE PLUNGER LEVER

(8) FUSE UNIT TRIPPER BAR

(9) FUSE UNIT TRIPPER BAR LEVER

(10) FUSE INTERLOCK PIN

(11) FUSE UNIT HOUSING

77,248
Figure 4-51.Current limiting fuse unit assembly.
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(5) LATCH POST

(5) LATCH MOUNTING SCREWS
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(3) TERMINAL STUD NUTS WASHERS (7) MECHANISM TRIGGER

14) TRIP UNIT LINE TERMINAL IS) MECHANISM TRIGGER LATCH

SCREWS - OUTER POLES 191 COTTER KEY HOLE

77.249
Figure 4-52. NQB-A250 circuit breaker front

view, cover. removed.

same time to maintain power on as much of
the system as possible. Selective tripping of
circuit breakers is obtained by coordination of
the time-current characteristic of the protective
devices so that the breaker closest to the fault
will open first, and ,the breaker farthest from
the fault and cicsest to the generator will open
last.

A portion of a distribution system with
circuit breakers employing selective tripping
is illustrated in figure 4 -58. The so-called
instantaneous tripping time is the minimum
time required for a breaker to open and clear
a circuit when the operation of the breaker
is not intentionally delayed. Each circuit breaker
will trip in less than 0.1 second (almost
instantaneously) when the current exceeds the
instantaneous trip current setting of the-ttreqcer.
In a shipboard selective tripping powers tem
the individual circuit breakers (generator, bus

tie, shore power or feeder breakers) differ from
each other depending on:

1. The available load current.
2. The available bhort circuit current.
3. The tripping time band and trip current

settings selected.

Selective tripping of breakers is normally
obtained by a short time delay feature. This
feature is a mechanical time delay and can, be
varied with limitations. The generator circuit
breaker, which is closest to the power source,
has the maximum continuous current carrying
rating, the highest available short circuit current
rating and the maximum short time delay trip
in order that the generator breaker may be
the last breaker to trip. However, it will trip
on the generator short circuit current at some
definite interval of time within the tolerance
of the breaker.

Bus tie circuit breakers are usually set to
trip after a prescribed time delay (which is
less than the generator circuit breaker time
delay), at a current that is nearest to, but not
less than 150% of the bus tie breaker coil,
rating (for maltigenerator switchgear groups)
or the nearest to but not more than 80% of the
generator breaker short-time delay setting (for
single generator switchgear groups). Instanta-
neous tripping is not normally used on bus tie
circuit breakers.

The construction of circuit breakers for
selective tripping, for currents less than the'
instantaneous trip current setting, is such as
to cause an intentional delay in the operation
of the breaker. The time delay is greater for
small currents than for large currents and is
therefore known as n inverse time delay. The
current that woul trip the AQH load circuit
breaker 'instantan ously and clear the circuit
will not trip the ACB feeder circuit breaker
unless the current flows. for a greater length
of time. The same sequence of operation occurs,
for the other groups of circuit breakers adjusted
for selective tripping in the system. The dif-
fe re e between the tripping times of the breakers
is sufficient to permit each breaker to trip
and clear the circuit before the next breaker
starts to operate.

Assume that a facer defect develops in
the cable insulation at point A (fig. 4 -58) and
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Figure 4-53. Selective tripping of circuit breakers.

allows an overcurrent to flow through the AQB
load circuit breaker and the ACB feeder circuit
breaker. The AQB load breaker will open the
circuit and interrupt the current in an interval
of time that is less than the time required
to open the ACB feeder circuit breaker. Tillie,
the ACB feeder breaker will remain closed
when the AQB breaker clears the circuit. How-
ever, if the fault current should exceed the
interrupting capacity of the AQB load breaker
(for example, an excess of 10,000 amperes),
this breaker 'would be unable to interrupt the
fault current without damage to the breaker.
To prevent damage to the AQB load breaker,
the ACE feeder breaker (on switchboard 1S)
serves as a BACK UP breaker for the AQB
load breaker and will open almost instanta-
neously in time.

A fault at point B with overcurrent would
trip the ACB feeder breaker in time but not
the ACB generator or bus tie breakers, which
require longer time intervals in which to trip.
A fault at point C with overcurrent would trip
both ACB bus tie breakers. A fault at D with

77,98

overcurrent on switchboard 1S would trip the
associated ACB generator breaker and one or
both of the ACB bus tie breakers. In each case,
the faulty section of the system is isolated,
but power is maintained on as much of the
system as possible with respect to the location
of the fault.

The attainment of Selective tripping requires
careful coordination of time-current charac-
teristics for the different groups of circuit
breakers. For example, if the system illustrated
in figure 4-53 is operating split plant (bus ties
open) and if the time-current charactefistics
of the ACB feeder breaker and the ACB gen-
erator breaker were interchanged, a fault at
B with overcurrent would trip generator 1SG
off the line but would leae the feeder connected
to the switchboard. This action would disconnect
power to all equipment supplied by switchboard
1S and also would not isolate the faulty section.
Therefore, no unauthorized changes should be
made to circuit breaker trip settings because
these changes may completely disruptthe scheme
of protection based on selective tripping.

1 1
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It is not feasible to provi system protection
by selective tripping of Aprcuit breakers in
all types of naval ships or for all circuits. For
example, d-c distribution systems in older ships
and all lighting circuits use fuses to a great
extent. Time delay can be incorporated only
to the extdnt that is permAted by the charac-
teristics of the fuses. The use of progressively
large fuse sizes from the load to the generator
provide some degree of selectivity for overload
or limitedite-d Tatill-Pfeitedtren;

Maintenance

Metal locking devices are available that can be
attached to the handles of AQB type circuit breakers to
prevent accidental operation. All breaker handles are
now provided with a 3/32-inch hole permitting fastening
the locking device with a standard cotter pin. NavShips'
Technical Manual, Chapter 300, lists the stock numbers
for three different sizes of breaker nandle locking
devices.

Circuit breakers require careful inspection
and cleaning at least once a year (more fre-
quently if subjected to unusually severe service
conditions). The special inspections follow.

No work should be undertaken on circuit breakers
without first obtaining approval of the electrical or
engineer officer, and only after a thorciugh review of the
applicable technical manual, plus Chapter 300 of
NavShips' Technical Manual.

Before working on`a circuit breaker be aware
of its time delay characteristics, whether short
time, long time, or instantaneous trip are pro-
vided. The adjustments for selective tripping
of most circuit breakers are made and sealed
at the factory. Changes should not normally
be made to their trip settings as these changes
may completely disrupt their intended functions
of protection. Improper tripping action is cor-
rected' best by replacement of the entire breaker
assembly, especially where trouble is encountered
in the compact assemblies.

A special inspection should be carefully made
of each pair of contacts after a circuit breaker
has opened on At heavy short circuit. Before
working on a circuit breaker, deenergize all
control circuits to which it is connected; the
procedure differs somewhat with the type of
mounting which is employed. For example, before
we...rk is performed on drawout circuit breakers,

they should be switched to the open position
and removed. Before working on fixed-mounted
circuit breakers, open the disconnecting switches
ahead 'of' the breakers. If disconnecting switches
are not provided for isolating fixed-mounted
circuit breakers, deenergize the supply bus to
the circuit breaker, if practicable, before in-
spectin& 'adjusting, replacing parts, or doing
any work on the circuit breaker.

Contacts are the small metal parts especi-
ally selected to resist deterioration and wear
from the inherent arcing. The arcing occurs
in a circuit breaker while its contacts are
opening and carrying current at the same time.
When firmly closed, the contacts must not arc.

Contact materials have been subjected to
constant research, resulting in various products,
ranging from pure Carbon or copper, to pure
silver, each being used alone and also as alloys
with other substances.' Modern circuit breakers
have contacts coated with silver, or silver mixed
with cadmium oxide, or silver and tungsten.
The two latter silver alloys are extremely hard
and resist being filed. Fortunately, such contacts
made of silver or its alloys conduct current when
discolored (blackened during arcing) with silver
oxide. The blackened condition, therefore, re-
quifes no filing, polishing, or removal. As with a
silver contact, silver oxide is formed during
arcing andjt has been found that the addition of
cadmium oxidegrcatly_improves operation of
the contact, because it rn'nirn'7'es the tendency
of one contact to weld to another, retards heavy
transfer of one material to another, and inhibits
erosion.

Ustially, a contact containing silver is service-
able as long as the total thickness worn away
is on the trder of 0.016 to 0.030 inch.

Severe pitting or burning of a silver contact
is another matter. It may require some filing
(with a fine file or with fine sandpaper, No. 00)
to remove raised places on surfaces that prevent
intimate and overall closure of the contact
surfaces. If necessary, use a -CLEAN cloth
moistened with INHIBITED methyl chloroform.
Be very certain to provide ample ventilation
to remove all DEADLY and TOXIC fumes of
the solvent.

When cleaning and dressing copper contacts,
maintain the original shape of each contact
surface and remove as little copper metal as
possible. Inspect and wipe the copper contact
surfaces for removal of the black copper-oxide
film and, in extreme, cases, dress and clean
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only With fine (No. DOO) sandpaper to prevent
scratching the surfaces. NEVER use emery
cloth or emery paper. Because this copper-
oxide film is a partial insulator, follow the
sanding procedure by wiping with a clean cloth
moistened with inhibited methyl chloroform sol-
vent. Provide VERY LIBERAL ventilation by
means of exhaust fans or with portable blowers
to entirely remove all traces of the deadly fumes
of the solvent.

Ca'ibration problems on circuit breakers should be
handle i in accordance with Chapter 300 of NavShips'
Technic..l Manual.

The function of arc's contacts is not neces-
Stiffly impaired by sin roughness. itemove
excessively rough spot 'ith a fine file. Re-
place arcing contacts when they have been burned
severely and cannot be properly adjusted. Make
a contact impression and check the spring pres-
sure in accordance with the manufacturers'
instructions. If information on the correct con-
tact pressure is not available, the contact pres-
sure should be checked with that of similar
contacts. When the force is less than the designed'
value, the contacts either require replacing
because they are worn down, or the contact
springs should be replaced. Always replace.
contacts, in sets; not singly, and replace contact
screws at the same time. Do not use emery
paper or emery cloth to clean contacts, and do
not clean contacts when the equipment is ener-
gized.

Clean all surfaces of the circuit breaker
mechanism, particularly the insulation surfaces,
with a dry cloth or air hose. Before directing
the air on the breaker, be certain that the water
is blown out of the hose, that the air is dry,
and that the pressure is not over 30 psi. Check
the pins, bearings, latches, and all contact and
mechanism springs for excessive wear or cor-
rosion and evidence of overheating. Replace
parts if necessary.

Slowly open and close circuit breakers man-
ually a few times to be certain that trip shafts,
toggle linkages, latches, and.all other mechanical
parts operate freely and without binding. Be
certain that the arcing contacts, make-before
and break-after the main contacts. If poor
alignment, sluggishness, or other abnormal con-
ditions are noted, adjust in accordance with
the manufacturer's instructions for the par-
ticular circuit breaker.

Oil-piston type overcurrent tripping devices
(grade B timers) gre sealed mechanisms and

normally do not require any attention. When
oil-film (dashpot) overcurrent tripping devices
are used, the oil should be removed and the,
interior of the oil chambers should be cleaned
with kerosene and refilled with new oil every
six months. Be certain that the dashpoz...is free
of dirt, which destroys the time-delay effect.,
and that the tripping device is clean, operdePe
freely, and has puff ic 1 en t travel to trip the
breaker. Do not change the air-gap "setting of
the moving L.:mature because this would alter
the calibration of the tripping device. Lubricate
the bearing- points and- bearing surfaces An-
eluding latches) with a drop or two of light
machine oil. Wipe off any excess oil.

Before returning a circuit breaker to service,
inspect all mechanical and electrical connections,
Including ?mounting bolts and screws, drawout
disconnect devices, and control wiring. Tighten
where necessary. Give the breaker a final clean-
ing with a cloth or compressed air. Operate
manually to be certain that all moving parts
function freely. the insulation resistance.

The sealing surfaces of circuit-breaker con-
tactor and relay magnets should be kept clean
and free from rust. Rust on the sealing surface
decreases the contact force and may result
in overheating of the contact tips. Loud hurnaltrig
or chattering will frequently warn of this condi-
tion. A light machine oil wiped sparingly on
the setting surfaces of the contactor magnet
will aid in preventing rust.

Oil should always be used sparingly on circuit
breakers, contactors, motor controllers, relays,
and other control equipment, and should not
be used at all unless called for in the manu-
facturer's instructions or unless oil holes are
provided. If working surfaces or bearings show
signs of rust, disassemble the device and carefully
clean the rusted surfaces. Light oil can be wiper:
on sparingly to prevent further rusting. Oil has
a tendency to accumulate duet and grit, which
may cause unsatisfactory operation of the device,
particularly if the device is delicately balanced.

Arc, chutes or boxes should be cleaned by'
scraping with a file if wiping with a cloth is not
sufficient. Replace or provide new linings when
they are broken or burned too deeply. Be certain
that arc chutes are securely fastened and that there
is sufficient clearance to ensure that no interfer-
once occurs when the switch or contact is opened
or closed.

Shunts and flexible connectors, which are
flexed by the motion of moving parts, should be
replaced when worn, broken, or frayed.
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Operating tests that consist of operating the
circuit breakers in the manner in which they
are intended to function in service should be
conducted regularly. For manually operated cir-
cuit breakers, simply open and close the breaker
to check the mechanical operation. To check
both the mechanical operation and the control
wiring, electrically operated circuit breakers
should be tested by means of the operating
switch or control. Exercise care not to disrupt
any electric power supply that is vital to the
operation of the ship, or to endanger personnel
by iaadvertently starting motors and energizing

___Lequ_ipment under repair.

REVERSE-POWER RELAY

On all ships with a-c ship swice power
systems where the generators are operated in
parallel, each generator control unit has a reverse
power relay. (Motor generators are an exception.)
The relay should trip the generator circuit
breaker in approMimately 10 secondswith reverse
power equal to 5 percent of the generator
rating.

Reverse power relays trip the generator Or-
cuit breaker #o prevent motoring the generator.
This pioLecti m is provided primarily for the`
prime mover or system, rather than for the
generator. Motoring results from a deficiency
in the prime mover input to the a-c generator.
This deficiency can be caused by loss of or low
steam to the turbine, lack of fuel to the diesel
engine or gas turbine, or other factors which
affect the operation of the prime mover. In the
absence of reverse power protection, when the
input to the generator falls below that needed
to maintain synchronous generator speed, real
power is taken from the ship service power

. system, and the generator acts as a motor
I driving the prime mover. Reverse power pro-

tection prevents damage to the prime mover
in case a reverse power condition should occur,

The reverse-power relay consists of two
induction disc type elements. The upper element
is the timer, and the lower one is the direction
element, Figure 4-64 shows the coil and induction
disc arrangement in the induction type relay
timer element. The disc is four inches in diameter
and is mounted on a vertical shaft. The shaft
is mounted on bearings for minimum friction.

An arm is clamped to an insulated shaft,
which is geared to the disc shaft. The moving
contact, a small silver hemisphere, is fastened

UPPER POLE
FLUX

CA RELAY CONTACTS

ELECTROMAGNET

DISC ROTATION

ORAGMAGNET

DRAGMAGNET

SECONDARY
CURRENT

TO SOURCE

FRONT VIEW

MAN POLE FLUX

MAIN POLE
CURRENT

77.105
Figure 4-54.Coil and disc arrangement, a-c

reverse power relay.

on the end of the arm. The electrical connection
to the contact is made through the arm and a
spiral spring. One end of the spring is fasteiied
to the arm and the other end to a slotted spring
adjusted disc fitstened to a molded block mounted
on the element frame. The stationary contact
is attached to the free lend of a leaf spring.
The spring is fastened to the molded block,
and it setscrew makes it possible to adjust the
statidnary contact position.

The main relay contacts (not shown in the
figgre) will safely handle SO amperes at 260-volts
d-o and will carry the current long enough to
trip a breaker.

The induction disc is rotated by an eleotro-
magnet in the rear of the assembly. Movement
of the disc is damped by a permanent magnet
in front of the assembly.

The operating torque of the timer element
is obtained from the electromagnets (fig. 4-54).
The main-pole coil is energized by the line
voltage. This coil then ads as the primary of
a transformer and induces a voltage in the
secondary coil. Current then flows through the
upper pole coils and thus produces a torque
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on the dine because of the reaction between the
fluxes f the upper and lower.poles. '

.T e timer element cannot be energized unless
'the power, flow is in the direction that will
cause tripping. This interlocking action is ac-
complished by connecting the timer potential
coil in series with the contacts of the directional
element. Thus, the direction of power flow
controls the timer relay.

The directional element is dimilar to the
timing element, except that different quantities
are used to produce rotation of the disc. There
is also a different contact assembly. The two
upper poles of the electromagnet are energized
by a current that is proportional to the line
current, tknd the lower pole is energized ,by a
polarizing voltage. The fluxes produced by these
two quantities cause rotation of the disc in a
direction depending upon the phase angle between
the current and voltage. If the line power re-
verses, the current through the relay current
coils will reverse with respect to the polarizing
voltage and provide a directional torque. (

The contict assembly and permanent magnet
construction are thf. same as that used for the
timer element. The timer elerieb! is -:ed at
115 volts, 60 hertz. The minimum i,(114 r i-0,ment
trip voltage is ti: and its continuous
rating is 127 volts.

The directional elemorklas a power char-
acteristic such that, wher the ,1.1 mnt and voltage
are in phase, maximun l'rque is developed.
The potential coil is rates, at 70 volts, 60 hertz.

The current coil rating is 5 amperes, and
the m'nim..irn pickup current is 0.1 ampere
through the coil. This current is in phase with
435 volts (m'nimum) across the potential coil.
These are minim im trip values, and the timing
characteristic of the timing relay may be erratic
with low values.

Forgmaxinum protection and correct opera-
tion, the relay should be connected so that
maximum torque occurs for unity power factor
on the system. Because the directional element

' 'has power characteristics, this connection may
, be accomplished by using line to neutral voltag'e
for the directional element potential coil (polariz-
ing ,voltage) and the corresponding line current
in the series coils. If a neutral is not available,'
a dummy neutral may be obtained by convicting
two reactors, as shown in figure 4-5k. When
connected in this manner, the directional element.
voltage coil forms one leg of a wye connection,
and the reactors form the other two legs of the
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Figure 4-55.-- Schematie wiring diagram of an

a-c reverse power relay.

wye. The voltage-operated timer element should
be connected acro s the outside legs of the
transformer secor aries.

PHASE-FAILURE RELAY
---

Because propulsion type a-c motors require
full voltage and current from all three phases
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Figure -56. Phase-failure relay.

supplied by the generator, phase-failure pro-
tection is a requirement where this type of
ship. and propulsion is used.

This type of relay is used to detect short
circui s on alternating current propulsion systems
for ships. Ordinary instantaneous trip relays
cannot be used because, under certain conditions,
for example, when the motor is plugged (direction
of a rotation reversed on full voltage) during
a crash stop, the momentary current may be
as great as the short circuit current.

The relay in use operates when there is a
current unbalance. It is connected ir. the Control
circuit . so that it willOshut down the system

'

fatil. However, operation of the relay is not
limited to short-circuit detection, and the relay
may he used as a phaSe-failure relay. A phase-
failure relay is shown in figure 4-56. Part A
is' the arrangement of the parts in the complete
assembly, and part B is a closeup of the contact
assembly. The entire unit is enclosed in a cover
to prevent dirt and dust from interfering with
its operation. 4

The moving contact is the only moving element
in the complete relay. There are two stationary
contacts that make it,possible to have the relay
open or close a circuit when it operates:

. Two coils are built into the "'eau. Each coil
has two windings that are actua l!! by direct
current from the two Rectox units. Four reactors
are used,to get sensitivity over a wide frequency
range. Because variations in reactance are in-
troduced during manufacture, two resistors are
provided to balance the systems during the
initial adjustment.

Figure 4-57 is the schematic wiring diagram
for the phase-failure relay. The windings are
identified by numbers that refer to numbered
leads in the 3-phase bus. The winding (1-3).
is conncecteJ to lines 1 and 3; the winding
(1-2) is connected to lines 1 and 2; and the
two windings (2-3) are connected to lines 2
and 3. However, the coils are not directly
connected to the bus lines. Instead, connection
is made through the Rectox units, which are
connected to the line in series with a reactor.
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Figure 7. Schematic Wiring of phase-failure

relay.
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When all three phase voltages are balanced,
the flux produced by winding (1-2) is exactly
erual and opposite to that produced by winding
(2-3). The flux produced by winding (1-3) is

. exactly equal and opposite to that produced
by the other (2-3) winding. Therefore, the re-
sultant flux is zero, and no magnetic pull is
exerted on the armature of the relay.

If a short circuit is placed across lines 1
and 2, no flux is produced by winding (i -2).
This means that the flux produced by one of
the (2-3) windings is no longer balanced, and
there is a resultant flux, which exerts pull
on the relay armature. The armature moves
until the moving contact hits stationary contact

ARMATURE

POTENTIAL 1111111.1'

COIL /1.V \\\,
v.:

SERIES CURRENT COIL

SECTION ON4A-A"

A.*

CORE

STATIONARY
POLE PIECES-

2 (fig. 4-56B). This action opens the circuit
between the moving contact and stationary con-
tact 1. As soon as the short circuit is removed
from lines 1. and 2, the resultant flux is zero,
which allows the spring to return the armature
to its original position. Similarly, if shorts
occur on lines 2 and 3 or lines 1 and 3, the
resultant flux is no longer zeo, and the ray
will operate.

Never open the d-c circuit to the Rectox
unit while the voltage is being applied to the
a-c side. This precaution is necessary because
the voltage across the Rectox is only a small
portion of the total voltage drop due to the
reactor being in the circuit. If the d-c side
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Figure 4-58.Mechanical construction of, d-c- reverse current relay.
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is opened, full voltage is applied across the
unit, which may cause the unit to break down.

Very little maintenance is required for this
relay. No lubrication is needed. However, the
relay should be kept clean so that dirt and dust
will not interfere with its operation.

Because the relay rarely operates, it is advisable to
check its operation every month or two as
recommended by Nav Ships' Technical Manual, Chapter
320.

REVERSE-CURRENT RELAY

Two or more d-c generators may be con-
nected in parallel to supply sufficient power
to a circuit. Each d-c generator is driven by
its own prime mover. If one prime mover fails,
its generator will slow down and draw power
from the line; The generator will then operate
as a motor and instead of furnishing power to
the line, it will draw power from the line. This
can result in damage to the prime moveraand
overloading of the generator. To guard against
this possibility, reverse-current relays are used,
The reverse-current relay connections are such
that when the reverse power reaches a definite
percentage of the rated power output, it will
trip the generator circuit breaker, disconnecting
the generator from the line.

Normally, the reverse-current settings for
d-c relays are about 5 percent of rated generator
capacity for d-c generators. The reverse-current
relay (one for each generator) is located on
the generator switchboard and is an integral
part of the circuit breaker. The mechanical-
construction of a d-c relay designed to limit
reverse-current flow is illustrated in figure 4-58.
Note that the construction is similar to that
of a bipolar motor with stationary pole pieces
and a rotating armature.

The pOtential coil is wound on the armature,
and a currentqcoil is wound on the stationary
pole pieces. When used as a protective device,
the current coil is in series with the load,.
and the potential coil is connected across the
line, as shown in figure 4-59. If the line voltage
exceeds the value for which the potential coil
is designed, a dropping resistor is connected
at point X in the circuit.

DC GENERATOR

1y...BREAKER......1).

OVERLOA
TRIP COILS-'

AUK. CONTACT
OPEN WHEN BREAKER
IS OPEN

RESISTOR CIF HEEDED)

MECHANICAL TRIP

POTENTIAL COIL

4e'
-ide-CURRERSNT RELAY

.77.104
Figure 4-59.-- D-c reverse current relay

connections.

When the line is energized, current flowing
through the series coil produces a magnetic
field across the air gap. Voltage applied to
the armature winding produces a current in the
armature coil, which interacts with the magnetic
field, thereby developing a torque that tends
to rotate the armature in a given direction. The
construction of the relay is such that the armature
cannot turn through 360Adegrees as in a motor.
Idstead, the torque produced by the two fields
plus the force from the calibrated spring tends
to hold the tripping crank on the armature
shaft against a fixed stop. This pressure is
maintained as long as current flows through
the line in the right direction.

However, if one generator fails, the voltage
output of that generator will drop. When the
voltage drops below the terminal voltage of
the bus to which it is connected, the generator
terminal current, (through the relay' series coil)
will reverse. However, the polarity of the voltage
applied to the potential coil remains the same.
As soon as the reversed current exceeds the
calibration setting of the relays, the armature
rotates, and through a mechanical linkage, trips
the circuit breaker that opens the bus. This
action disconnects the generator from the line.
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CHAPTER 5

A-C POWER DISTRIBUTION SYSTEMS

The a-c power distribution system aboard
ship consists of the a-c power plant, the means
of distributing power, and the equipment which-
consumes the power. The power plant is either
the ship service electric plant or the emergency
electric plant. The power distribution system
comprises the ship service power distribution
system, emergency power distribution system,
and casualty power distribution system.

SHIP SERVICE POWER
DISTRIBUTION

Most a-c power distribution systems in naval
ships are 450-volt, 3-phase, 60-hertz, 3-wire
systems.

The ship service generator and distribution
switchboards are interconnected by bus ties so
that any switch oard can be connected to feed
power from its g nerators to one or more of the
other switchbo s. The bus ties also connect
two or more swi hboards so that the generator
plants cari be perated in parallel. In large
installations (fig. 5-1) distribution to loads is
from the ge erator and distribution
switchboards or switchgear groups to load
centers, to distrib tion panels, and to the-loads,
or directly from t e load centers to some loads.

On some ship such as large aircraft carriers,
a system of zone ontrol of the ship service and
emergency distrib tion is provided. Essentially,
the system estab .shes a number of vertical
zones, each of w h contains one or more load
center switchboards supplied through bus
feeders from the s p service switchgear group.
A load center swit hboard supplies power to the

electrical loads within the electrical zone in
which it is located. Thus, zone control is
provided for all power within the electrical zone.
The emergency switchboards may supply more
than one zone, the number of zones depends on
the number of emergency generators installed.

In small installations (fig. 5-2), the
distribution panels are fed directly, from the
generator and distribution switchboards. The
distribution panels and load centers (if any) are
located centrally with respect.to the loads that
they feed. This arrangement simplifies the
installation and 'requires less weight, space, and
equipment than if each load were connected to a
switchboard.

At least two independent sources of power
are provided for selected vital loads. The
distribution of this dual supply is accomplished
in several ways: by a normal and an alternate
ship service feeder; normal ship service feeder
and an emergency feeder; or normal and
alternate ship service feeder and an emergenCy
feeder.

A-C GENERATORS

Most electric power utilized today is
generated by alternating-current generators. A-c
generators are also finding increased use in
aircraft and automobiles.

A-c generators are made in many different
sizes, depending on their intended use. For
example, any one of the generators at Boulder
Dam can produce millions of volt-amperes, while
generators used on aircraft produce only a few
thousand volt-amperes.

5-1
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Figure 5-2.Power distribution 1,4-guided missile destroyer.

Regardless of size, however, all generators
operate on the same basic principlea magnetic
field cutting through conductors, or conductors
passing through a magnetic field. Thus, all
generators have at least two distinct sets of
conductors. They are (1) a group of conductors
in which the output voltage is generated, and (2)
a second group of conductors through which
direct current is passed to obtain an
electromagnetic field of fixed polarity. The
conductors in which the output voltage is
generated are always referred to as the armature
windings. The conductors in which the
electromagnetic field originates are always
referred to as the field windings.

In addition to the armature and field, there
must also be motion between the two. To
provide this, a-c generators are built in two
major assemblies, the stator and the rotor. The
rotor rotates inside the stator. It may be driven
by any one of a number of commonly used
power sources, such as gas or hydraulic turbines,

5-3
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electric motors, and steam or internal -
combustion engines.

TYPES OF A-C GENERATORS

There are various types of alternating-
current generators utilized today. Howevet, they
all perform the same basic function. The types
discussed in the following paragraphs are typical
of the more predominant ones encountered in
electrical equipment.

Revolving Armature

In the revolving-armature a-c generator, the
stator provides a stationary electromagnetic
field. The rotor, acting as the armature, revolves
in the field, cutting the lines of force, producing
the desired output voltage. In this generator, the
armature output is taken through sliprings and
thus retains its alternating characteristic.

For a number of reasons, the revolving-
armature a-c generator is seldom used. Its
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primary limitation is the fact that its output
power is conducted through sliding contacts
(sliprings and brushes). These contacts are
subject to frictional wear and sparking. In
addition, they are exposed, and thus liable to
arc-over at high voltages. Consequeatly,
revolving-armature generators are limited to
low-power, low-voltage applications.

Revolving Field

The revolving-field a-c generator (fig. 5-3) is
by far the most widely used type: In this type of
generator, direct current from a separate source
is passed through windings on the rotor by
means of sliprings and brushes. This maintains a
rotating electromagnetic field of fixed polarity
(similar to a rotating bar magnet). The rotating
magnetic field, following the rotor, extends
outward and cuts through the armature windings
imbedded in the surrounding stator. As the rotor
turns, alternating voltages are induced in the
windings since magnetic fields of first one
polarity and then the other cut through them.
Since the, output power is taken from stationary
windings, the output may be connected through
fixed terminals T 1 and T2 in figure 5-3. This is
advantageous, in that there are no sliding
contacts, and the whole output circuit is

A -C
OUTPUT TERMINALS

ARMATURE WINDINGS

238.284
Figure 5-3.Essential parts of a rotating-field a.c.

generator.

continuously insulated, thus minimizing the
danger of arc -over.

Sliprings and brushes are adequate for the
d-c field supply because the power level in the
field is much smaller than in the armature
circuit.

RATING OF A-C GENERATORS

The rating of,an a-c generator pertains to the
load it is capable of supplying. The normal-load
rating is the load it can carry continuously. Its
overload rating is the above-normal load which it
can carry for specified lengths of time only. The
load rating of a particular generator is
determined by the internal heat it - can
withstand. Since heating is caused mainly by
current flow,,the generator's rating is identified
very closely with its current capacity.

The maximum current that can be supplied
by an a-c generator depends upon (1) the
maximum heating loss (12 R power loss) that can
be sustained in the armature and (2) the
maximum heating loss that can be sustained in
the field. The armature current varies with the
load. This action is similar to that of d-c
generators. In a-c generators, however, lagging
power-factor loads tend to demagnetize the field
and terminal voltage is maintained only by
increasing the d-c field current. Therefore, a-c
generators are rated in terms of armature load
current and voltage output, or kilovolt-ampere
(kva) output, at a specified frequency and power
factor. The specified power factor is usually 80
percent lagging. For example, a single-phase a-c
generator designed to deliver 100 amperes at
1,000 volts is rated at 100 kva. This machine
would supply a 100-kw load at unit power
factor or an 80-kw load at 80 percent power
factor. If the a-c generator supplied a 100-kva
load at 20 percent power factor, the required
increase in d-c field current needed to maintain
the desired terminal voltage would cause
excessive heating in the field.

Basic Functions of
Generator Parts

A typical rotating-field a-c generator consists
of an a-c generator and a smaller d-c generator
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built into a single unit. The output of the a-c
generator section suppiies alternating current to
the load for which the generator was designed.
The d-c generator's only purpose is to supply the
direct current required to maintain the a-c
generator field. This d-c generator is referred to
as the exciter. A typical a-c generator is shown
in figure 5-4(A): figure 5-4(B) is a simplified
schematic of the generator.

Any rotary generator requires a prime
moving force to rotate the a-c field and exciter
armature. This rotary force is transmitted to the
generator through the rotor drive shaft (fig.
5-4(A)) and is usually furnished by a
combustion engine, turbine, or electric motor.
The exciter shunt field (2, fig. 5-4(B)) creates an
area of intense magnetic flux between its poles.
When the exciter armature (3) is'rotated in the
exciter field flux, voltage is induced into the
exciter armature windings. The exciter output
commutator and brushes (4) connect the
exciter output directly to the a-c generator field

EXCITER CONTROL
TERMINALS

AC POWER OUTPUT
TERMINALS

A-C GENERATOR
SECTION

COMMUTATOR
SLIPRiNG SECTION

EXCITER
DC GENERATOR

SECTION (A)

EXCITER CONTROL
TERMINALS

POWER OUTPUT
TERMINALS

')RIVE
SHAFT

EXCITER

' GENERATOR

-C
GENAERATOR

71

Figure 54. A.c. generator and scir.,,Tiel,
_ _ r

it,
,

input sliprings and brushes (5). Since these
sliprings, rather than a commutator, are used to
supply current through the a-c generator field
(6),- current always flows in one direction
through these windings. Thus, a fixed polarity
magnetic field is maintained at all times in the
a-c generator field windings. When the a-c
generator field is rotated, its magnetic flux is
passed through and across the a-c generator
armature windings (7). Remember, a voltage is
induced into a conductor if it is stationary and a
magnetic field is passed across the conductor,
the same as if the field is stationary and the
conductor is moved. The alternating voltage
induced in the a-c generator armature windings
is connected through fixed terminals to the a-c
load.

Construction

A-c generator sets may be divided into two
classes according to the speed or the generator.
These classes are as follows:

1. Low-speed engine-driven.

2. High-speed turbine-driven.

The stator, or armature, of the
revolving-field a-c generator is built up from
steel punchings, or laminations. The laminations
of an a-c generator stator form a steel ring that is
keyed or bolted to the inside circumference of a
steel frame. The inner surface of the laminated
ring has slots in which the stator winding is
placed.

The low-speed engine-driven a-c generator
(fig. 5-5) has a large diameter revolving field
with many poles, and a stationary armature
relatively short in axial length. The stator (fig.
5-5(A)) contains the annature windings, and the
rotor (fig. 5-5(B)) consists of salient poles, on
which are mounted the d-c field windings. The
exciter armature is the smaller unit shown in the
foreground and mounted on an extension of the
a-c generator shaft.

5-5
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236.286
Figure 5-5.Low-speed engine-driven a.c. generator.

The high-speed turbine-driven a-c generator
(fig. 5-6) is connected either directly or through
gears to a turbine. The enclosed metal structure
is a part of a forced ventilation system that
carries away the heat by circulation of the air
through the stator (fig. 5-6(A)) and rotor (fig.
5-6(B)). The exciter is a separate unit, (not
shown). The enclosed stator directs the pat of
the circulating air-cooling currents and
reduces windage noise.

THREE-PHASE GENERATORS

The 3-phase a-c generator, as the name
implies, has three single-phase windings spaced
so that the voltage induced in -each winding is
120° out of phase with the voltages in the other
two windings. A schematic diagram of a 3-phase
stator showing all the coils becomes complex,

(A)
STATOR

/111drid.r 4

11,

JEVA7
14p (8)

ROTOR

235.287
Figure 5.6. High -speed turbine-driven a.c. generator.

and it is difficult to see what is actually
happening. A simplified schematic diagram,
showing all the windings of a single phase
lumped together as one winding, is illustrated in
figure 5-7(A). The rotor is omitted for
simplicity. The waveforms of voltage are shown
to the right of the schematic. The three voltages
are 120°. apart and are similar to the voltages
that would be generated by three single-phase
a-c generators whose voltages are out of phase
by angles of 120°. The three phases are
independent of each other.

The Wye Connection

Rather than have six leads come out of the
3-phase a-c generator, one of the leads from each
phase may be connected to form a common
junction. The stator is then called wye, or star,
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236.292
Figure 5.7. Three -phase s.c. generator.

connected. The common lead may or may not
be brought oi..t of the machine. If it is brought
out, it is called the neutral. The simplified
schematic (fig. 5-7(B)) shows a wye-connected
stator with the common lead not brought out.
Each load is connected across two phases in
series. Thus, Rab is connected across phases A
and E in series, Raa is connected across phases A
and C in series, and Rbc is connected across
phases B and C in series. Thus the voltage across
each load is larger than the voltage across a
single phase. In a wye-connected a-c generator
the three start ends of each single-phase winding
are connected tdgether to a common neutral
point and the opposite, or finish, ends are
connected to the line terminals A, B, and C.
These letters are always used to designate the
three phases of a 3-phase system, or the three
line wires to which the a-c generator phases
connect. A 3-phase wye-connected a-c generator
supplying three separate loads is shown in figure
5-8(A). When unblanced loads . are used, a
neutral may be added as shown in the figure by
the broken line between the common neutral
point and the loads. The neutral wire serves as a
common return circuit for all three phases and
maintains a voltage balance across the loads. No
current flows in the neutral wire when the loads
are balanced. This system is a 3-phase 4-wire
circuit and is used to distribute 3-phase power to
shorebased installations. The 3-phase 4-wire
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Figure 5-8.Three-phase wYe-connected system.

system is not used aboard ship, but is widely
used in industry and for aircraft a-c power
systems.

The phase relations in a 3-wire 3-phase
wye-connected system are shown in figure
5-8(B). In constructing vector diagrams of
3-phase circuits, a counterclockwise rotation is
assumed in order to maintain the correct phase
relation between line voltages and currents.
Thus, the a-c generator is assumed to rotate in
such a direction as to generate lire three-phase
voltages in the order;*Ea , Eb, Ea.

The voltage in phase b, or Eb , lags the
voltage in phase a, or Ea, by 120°. Likewise, Ea
lags Eb by 120° and Ea lags Ea by 120°. In
figure 5-8(A), the arrows Ea, Eb, and Ea,
represent the positive direction of generated
voltage in the wive- connected a-dge rator. The
arrows II , 12, and 13 represent e positive
direction of phase and line currents pplied to
balance unity power-factor loadt co edted_irt-,,
wye. The three voltmeters coririecte between '-
lines 1-2; 2-3, and 3-1, resOctlifely, indicate
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effective values of line voltage. The line voltage
is greater than the voltage of a phase in the
wye-connected circuit because there are two
phases connected in series between each pair of
line wires, and their voltages combine. Line
voltage is not twice the value of phase voltage,
however, because the phase voltages are not in
phase with each other.

The relation between phase and line voltages
is shown in the vector diagram. Effective values
of phase voltage are indicated by vectors, Ea,
Eb, and Ec. Effective values of line and phase
current are indicated by vectors Ia, Ib, and Ic.
Because there is only one path for current
between any given phase and the line wire to
which it is connected, the phase currert is equal

Ea =ioov

2

Eb= 100V

Er =100V

POSITIVE VOLTAGES
(A)

SAME DIRECTION

,e

Ea =100V Eb= 100V

Er = 173V

(C ) POSITIVE VOLTAGES
IN OPPOSITE DIRECTION

0

to the line current. The respective phase currents
have equal yalues because the load is assumed to
be balanced. For the same reason, the respective
line currents have equal values. When the

arehas unity. power factor, the phase currents are in
phase with their respective phase voltages.

In combining a-c voltages, it is necessary to
know the direction in which the positive
maximum values of the voltages act in the
circuit as well as the magnitudes of the voltages.
For example, in figure 5-9(A), the r:ositive
maximum voltage generated in coils A and B act
in the direction of the arrows, and B leads A by
120°. This arrangement may be obtained by
assuming coils A and' B to be two armature
windings located 120° apart. If each voltage has

(B) Eb LEADS Ea BY 120°

(D)
(REVERSED) Eb LAGS E0 BY GO°

236.294
Figure 5-9.Vector analysis of voltages in series aiding and opposing.
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an effective value of 100 volts, the,total voltage
is Er = 100 volts, as shown by the polar vectors
in figure 5-9(B).

-0,

If the connections of coil B are reversed (fig.
5-9(C)) with respect td their original
connections, the two voltages are in opposition,
as may be seen by tracing around the circuit in
the direction of the arrow in coil A. The positive
direction of the voltage in coil B is opposite to
the direction of the trace; the positive direction
of.the voltage generated in coil A is the same as
that of the trace; hence, the two ,voltages are in
opposition. This effect is the sane as though the
positive maximum value of Eb, were 60° out of
phase with that of Ea, and Eb acted in the same
direction as Ea when the circuit trace was made
(fig. 5-9(D)) to vector Ea is accomplished by
reversing the position of Eb from that shown in
figure 5-9(B) to the position shown in figure
5-9(D) and completing the parallelogram. If Ea
and Eb are each 100 volts, Er =0"x 100, or
173 volts. The value of Er may be derived in the
following manner: Erecting a perpendicular to
Er divides the isosceles triangle into two equal
right triangles each having a hypotenuse of 100
volts and a base of 100 cos 30°, or 86.6 volts.
The total length of Er is 2 x 86.6, or 173.2 volts.

'To construct the line voltage. vectors E1,2,
E2,3, and E311, in figure 5-8 it is first necessary
to trace a path around the closed circuit which
includes the line wires, armature windings, and
one of the three voltmeters. For example, in
figure 5-8(A), consider the circuit that includes
the upper and middle wires, the voltmeter
connected across them, and the a-c generator
phases a and b. The circuit trace is started at the
center of the wye, proceeds through phase a of
the a-c generator, out line 1, down through the
voltmeter from line 1 to line 2, and through
phase b of the a-c generator back to the starting
point. Voltage .drops along line . wires are
disregarded. The voltmeter indicates an effective
value equal to the vector sum of the effective
value of voltage in phases a and b. This value is
the line voltage, E1,2. According to Kirchhoff's
law, the source voltage between lines 1 and 2
equals the voltage drop across the voltmeter
connected to these lines.

If the direction of the path traced through
the generator is the same as that of the arrow,

5-9
r..

-

the sign of the voltage is plus; if the direction of
the trace is opposite to the arrow, the sign of the
voltage is minus. If the direction of the path
traced through the voltmeter is the same as that
of the arrow, the sign of the voltage is minus; if
the direction of the trace is opposite to that of
the arrow, the sign of the voltage is plus.

The following equations for voltage are
based on the preceding \rules:

Ea C) (-El)) = E1,2, or Er ,2 = EaGEb

Eb 0 (-Ec) = E2,3, or E2 ,3 =Eb0Ec

Ec 0 (-Ea) = E3,1, Or E3 = EcOEa

The signs C and Q mean vector addition and,
vector subtraction, respectively. One vector is
subtracted from another by reversing the
position of the vector to be subtracted through
an angle of 0 180° and constructing a
parallelogram, the sides of which are the
reversed vector and the other vector. The
diagonal of the parallelogram is the difference
vector.

These equations are applied to the vector
diagram of figure 5-8(B), to derive the line
voltages E1,2, E2,3, and E3,1, as the diagonals
of three , parallelograms of whicn the sides are
the phase voltages Ea, Eb, and Ec. From this
vector diagram, the following facts are observed:
(1) The line voltages are equal and 120° apart;
(2) the line currents are equal and 120° apart;
(3) the line currents are 30° out of phase with
the line voltages when the power factor of the
load is 100 percent; and (4) line voltage is the
product of the phase voltage and 0:

The Delta Connection

A three-phase stator may also be connected
as shown% figure 5-7(C). This is called the delta
connection. In a delta-connected a-c generator,
the start end of one phase winding is connected
to the fmish end of the third; and the start of
the third phase winding is connected to the
finish of the second phase winding; and the start
of the second phase winding is connPctecli4o the
finish of the first phase winding. The three
junction points are connected to the line wires
leading to the load. A 3-phase delta-connected
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a-c generator is depicted in figure 5-10(A). The
generator is connected to a 3-phase 3-wire
circuit which supplies a 3-phase delta-connected.
load at the right-hand end of the 3-phase line.
Because the phases are connected directly across
the line wires, phase voltage is equal to HI
voltage. When the generator phases are proper'
connected in delta, no apmciable current flows
within the delta loop when there is .no external
load connected to the generator. If any one of
the .phases is reversed with respect to its correct
connection, a short-circuit current flows within
the windings of no load, causing damage to the
windings.

The thrw-phase currents, Ia, Ib, and Ie, are
indicated by accompanying arrows in the
generator phases in figure 5-10(A). These arrows
point in the direction of the positiVe current and
volts of each phase. The three voltmeters
connected across lines 1-2, 2-3, and 3-1,
respectively, indicate effective values of line and
phase voltage. Line current II is supplied by
phases a and c, which are connected to line 1.

CIRCUIT

(A)

II

7
(B)

; 9 ;
tb 9 I.

13 = Ia91I
(fa= C,
12,3=

13,1= Cc

= AI.
I2 = f II,
13 = A tc

236.295
Figure 5-11Three-phase deltaconnected ry, sm.

e

Line current is greater than phase current, but
not twice as great because the phase currents are
not in phase with each other. The relation
between line 'currents and phase currents is
shown in figure 5-10(B).

Effective .values of line and phase voltages
are indicated by vectors Ea, Eb, and Ea. Note
that the vector sum of Ea, Et;', and Ea is zero.
The phase currents are equal to each other
because the loads are balanced. The line currents;
are equal to each other for the sane reason. At
unitypower-factor loads, the phase current and
phase voltage have a 0° angle between them.

The power delivered by a balanced 3-phase
delta-connected system is also three times the
power delivered by each. phase.

Because
'line

Ephase Eiinearid 'phase-

the total true power is

/Pt = 3Eline-11AL CC4 ;

=VTEll;,,,Iiinb dos 0

Thus, the expression for 3-phase power
delivered by a balanced delta-connected system
is the same as the expression for 3-phasc poweri
delivered by a balanced wye.,:onnwtela system.
Two examples are given to Ilvstrate the phase
relations between current, voltage, and power in
(1) a 3-phase wye-connected system and (2) a
3-phase delta-connectked system.

Example !: .A wye-connected
generator has a termilal ''oltage of 450 volts and
delivers a full-load current of 300 amperes per
terminal at .a power factor of 80 percent. Find
(a) the phase voltage, (b) the full-load current
per pltase, (c) the kilovolt-ampere, or apparent
power, rating, and (d) the true power output.

Eli" 450 = 260 volts(a) phase

(b) 'phase 'line = 300 amperes

(c) Apparent power

=,151 450 x 300 = 231,600
va, or 233.6 kva
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(d) True power =1r rEune 'line cos 0

=01 450 x 300 x 0.8

= 186,800 watts, or 186.8 kw

Example 2: A 3-phase delta-connected a-c
generator has a terminal voltage of 450 volts and
the current in each phase is 200 amperes. The
power factor of the load is 75 percent. Find (a)
the line voltage, (b) the line current, (c) the
apparent power, and (d) the true power.

,(a) Ep hag. = Efine = 450 volts

(b) Iphasehe = 1.732 x 200
= 346 amperes

(c) Apparent,power = f3 Eiine'line

=1.732 x 450 x 346 = 269,000va, or 269 kva

(d) True power = NriEnne 'line cos 0

= 1.73 x 450 x 346 x 0.75

= 202,020, or 202.02 kw

MEASUREMENT OF POWER

The wattmeter connections for measuring
the true power in a 3-phase system are shown in
figure 5-11. The method shown in figure
5-11(A) uses three wattmeters with their current
coils inserted in series with the line wires and
their potential coili connected between line and
neutral wires. The total true power is equal to
the arithmetic sum of the three wattmeter
readings.

The method shown in figure 5.1I(B) uses
two wattmeters with their current coils
connected in series with two line wires and their
potential coils connected between these line
wires and the common, or third, wire that does
not contain the current coils. The total to
power is equal to the algebraic sum of th,; ..vo
wattmeter readings. If one meter ads
backward, its potential coil connections a 'first
reversed to make the meter read up-scale am he
total true power is then equal to the difference
in the two wattmeter readings. If the load power

THREE-WATTMETER METHOD

(A

TWO WATTMETER METHOD

(B)

Figure 6.11. Wattmeters.

'3

236./

factor is less than 0.5 and the loads are balanced,
the total true power is equal to the difference in
the two wattmeter readings. If the load power
factor is 0.5, one meter indicates the total true
power and the otheA indicates zero. If the load
power factor is above 0,5, the total true power is
equal to the sum of the two wattmeter readings.

FREQUENCY

The frequency of the a-c generator voltage
depends upon the speed of rotation of the rotor
and the number of poles. The faster the speed,
the higher the frequency will be; and the lower
the speed, the lower the frequency becomes.
The more poles there are on the rotor, the
higher the frequency is for a given speed. When a
rotor has rotated through an angle such that two
adjacent rotor poles (a north and a south pole)
have passed one winding, the voltage induced in
that winding will have varied through one
complete cycle. For a given frequency, the more
pairs of poles there are, the lower is the speed of
rotation. A 2-pole generator rotates at twice the
speed of a 4-pole generator for the ado

5.11

137



ELECTRICIAN'S MATE '3 & 2

frequency of generated voltage. The frequency
of the generator in Hz (cycles per second) is
related to the number of poles r ' the speed, as
expressed by the equation

r _P N PN
x 60 1.16

where P is the number of poles and N the speed
in rpm. For example, a 2-pole 3,600-rpm

2 x 3,600generator has a frequency of 120 60 Hz;

a 4-pole 1,800-rpm generator has the same
frequency; and a 6-pole 500-rpm generator has a

xfrequency of 6
120

500 25 Hz, and a 12-pole

4,000-rpm generator has a frequency of
12 x 4,000 = 400 Hz.

120

GENERATED VOLTAGE

Once the machine has been designed and
built, the generated voltage of an a-c generator is
controlled, in practice, by varying the d-c

----excitation voltage applied to the field winding.

CHARACTERISTICS

When the load on a generator is changed, the
terminal voltage varies with the load. The
amount of variation depends on the design of
the generator and the power factor of the load.
With a load having a lagging power factor, the
drop in terminal voltage with increased load is
greater than for unity power factor. With a load
having a leading power factor, the terminal
voltage tends to rise. The causes of a change in
terminal voltage with load change are (1)
armature resistance (2) armature reactance, and
(3) armature reaction.

Armature Resistance

When current flows through a generator
armature winding, there is an IR drop due to, the
resistance of the winding. This drop increases
with load, and the terminal voltage is reduced.
The armature resistance drop is small because
the resistance is low.

Armature Reactance

The armature current of an a-c generator
varies appioximately as a sine wave. The
continuously varying current in the generator
armature is accompanied by an IXL voltage drop
in addition to the IR drop. Armature reactance
in an a-c generator may be from 30 to 50 times
the value of armature resistance because of the
relatively large inductance of the coils compared
with their resistance.

A simplified series equivalent circuit of one .
phase of an.a-c generator is shown in figure 5-12.
The voltage generated in the phase winding is
equal to the vector sum of the terminal voltage
for the phase and the internal voltage loss in the
armature resistance, R, and the armature
reactance, XL , associated with that phase. The
voltage vectors for a unity power-factor load are
shown in figure 5-12(A). The armature IR drop
is in phase with the current, I, and the terminal
voltage Et. Because the armature IXL drop is
90° out of phase with the current, the terminal
vo:age is approximately equal to the generated
voltage, less the IR drop in the armature.

The voltage vectors for a lagging
power-factor load are shown in figure 5-12(B).
The load current and IR drop lag the terminal
voltage by angle 0. In this example, the armature
IZ drop is more nearly in phase with the
terminal voltage and the generated voltage.
Hence, the terminal voltage is approximately
equal to the generated voltage, less the armature
IZ drop. Because the IZ drop is much greater
than the IR drop, the terminal voltage is reduced
that much more. The voltage vectors for a
leading power-factor load are shown in figure
5-12(C). The load current and IR drop lead the
terminal voltage by angle 0. This condition
results in an increase in terminal voltage above
the value of Es. The total available voltage of
the a-c generator phase is the combined effect of
Es (rotationally induced) and the self - induced
voltage (not shown in the vectors). The
self-induced voltage, as in any a-c circuit, is
caused by the varying field (accompanying the
varying armature current) linking the armature
conductors. The self-induced voltage always lags

5.12 138
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IR

UNITY POWER
FACTOR LOAD

(A)

xL

LAGGING POWER
FACTOR LOAD

(B)

I

Figure 6-12.A.c. generator voltage characteristics.

the current by 90 °; hence, when I leads Et, the
self-induced voltage aids Es, and Et increases.

Armature Reaction

When an a-c generator supplies no load, the
d-c field flux is distributed uniformly across the
airgap: When an a-c generator Supplies a reactive
load, however, the current flowing through the
armature conductors produces an armature
magnetomotive force (mmf) that influences the
terminal voltage by changing the magnitude of
the field flux across the airgap. When the load is
inductive, the armature mmf, opposes the d-c
field and weakens it, thus lowering the terminal
voltage. When a leading current flows In the
armature the d-c field is aided by the armature
mmf and the flux across the airgap is increased,
thus increasing the terminal voltage.

E./

LEADING POWER
FACTOR LOAD

( C )

VOLTAGE REGULATION

tia 8

236297

The voltage regulation of an a-c generator is
the change of voltage from full load to no load,
expressed in percentage of full-load volts, when
the speed and d-c field current are held constant.

1d x 100Percent regulation EN

For example, the no-load voltage of a certain
generator is 250 volts and the full-load voltage is
220 volts. The percent regulation is

250 - 220
x 100 = 13.6 percent220

5-13
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PRINCIPLES OF A-C
VOLTAGE CONTROL

In an a-c generator, an alternating voltage is
induced into the armature windings when
magnetic fields of alternating polarity are passed
across these windings. The amount of voltage
induced into the a-c generator windings depends
mainly on three things: the number of
conductors in series per winding, the speed at
which the magnetic field passes across the
winding (generator rpm), and the strength of the
magnetic field. Any of these three could
conceivably be used to control the amount of
voltage induced into the a-c generator windings.

The number of windings, of course, is fixed
when the generator is manufactured. Also, if the
frequency of a generator's output is required to
be of a constant value, then the speed of the
rotating field' must be held constant. This
prevents the use of the generator rpm as a means
of controlling the voltge output. Thus, the only
practical remaining method for obtaining voltage
control is to control the strength of the rotating
magnetic field. In some specialized applications,
the field is furnished by a permanent magnet.
The a-c generator uses an electromagnetic field
rather than a permanent magnetic type field.
The strength of this electromagnetic field may
be varied by changing the amount of current
flowing through the coil. This is accomplished
by varying the amount of voltage applied across
the coil. It can be seen that by varying the
exciter armature d-c output voltage, the a-c
generator field strength is also varied. Thus, the
magnitude of the generated a-c voltage depends
directly on the value of the exciter output
voltage. This relationship allows a relatively large
a-c voltage to be controlled by a much smaller
d-c voltage.

The next function of the a-c generator that
must be understood is how the d-c exciter
output voltage is controlled. Voltage control in a
d-c generator is obtained by varying the strength
of the d-c generator shunt field. This is
accomplished by using any of a number of
different types of voltage regulators. A device
which will vary the exciter shunt field current in
accordance with changes in ithe a-c generator
voltage is called an a-c generator voltage
regulator. This regulator must also maintain the

correct value of exciter shunt field current when
no a-c voltage corrective action is required
(steady state output). In figure 5-13, note that a
pair of connections labeled a-c sensing input
feeds a voltage proportional to the a-c generator
output voltage to the a-c voltage regulator. Note
also that a portion of the exciter's armature
output is connected through the exciter's field
rheostat, RX, then through the exciter shunt
field windings, and finally back to the exciter
armature. Obviously, the exciter supplies direct
current to its own control field, in addition to
the a-c generator field, as determined by the
setting of RX. The setting of RX is controlled
by the magnetic strength of the control coil L.
The magnetic strength of L is in turn controlled
by the voltage across resistor R. The voltage
across R is rectified d.c., and is proportional to
the a-c line voltage. (Rectifiers are devices that
change a.c. to d.c.)

Thus, the essential function of the voltage
regulator is to use the a-c output voltage, which
it is designed to control, as a sensing influence to
control the amount of current the exciter
supplies to its own control field. A drop in the
output a-c voltage will change the setting of RX
in one direction and cause a rise in the exciter
control field current. A rise in the output a-c
voltage will change the setting of RX in the
opposite direction and Cause' a drop in the
exciter control field current. These latter two
characteristics are caused by actions within the
voltage regulator. These characteristics are
common to both the resistive and magnetic
(magnetic amplifier) types of a-c voltage
regulators. Both types of regulators perform the
same functions, but accomplish them through
different operating principles.

PARALLEL OPERATION
OF A-C GENERATORS

A-c generators are connected in parallel to
(1) increase the plant capacity beyond that of a
single unit, (2) serve as additional reserve power
for expected demands, or (3) permit shutting
down one machine and cutting in a standby
machine without interrupting the power supply.
When a-c generators are of sufficient size, and
are operating at unequal frequencies and

5"I40
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A-C
POWER

OUTPUT
TERMINALS

A-C VOLTAGE REGULATOR

E XC.
CONTROL

TERMINALS

_ - _J

A'C
GENERATOR

FIELD

EXC.
SHUNT
CONTROL

XC ITER GENERATOR

Figure 5.13. Simplified voltage regulator clroult.

terminal voltages, severe damage may result if
they are suddenly connected to each other
through a common bus. To avoid this, the
generators must be synchronized as closely as
possible before connecting them together. This
may be accomplished by connecting one
generator to the bus (referred to as bus
generator), and then synchronizing the other
(incoming generator) to it before closing the
incoming generator's main power contactor. The
generators are synchronized when the following
conditions are set:

1. Equal terminal voltages. This is obtained
by adjustment of the incoming generator's field
strength.

138.298

2. Equal frequency. This is obtained by
adjustment of the incoming generator's prime
mover speed.

3. Phase voltages in proper phase relation.
(Connecting phase voltages must reach peak
values of the same polarity at the same instant.)
The generators could have the same
frequency, and still not be in phase. That is, if
the two generators have the same frequency, but
one is lagging the other, the lagging generator
will remain a fixed number of degrees behind
the leading generator, until it is accelerated
slightly to catch up.

4. Phases connected in proper sequence.
One pair of phases may be properly connected,
while the other two pairs may be crossed. In this

5-15
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case, the phase sequence of One generator may
be ACB, while the other is-ABC.

Synchronizing A-C Generators

All of the foregoing conditions may be set
by the following methods:

Equal voltages may be checked by using a
voltmeter. The remaining conditions, equal
frequency, phase relations, and phase sequence,
are checked by using either synchronizing lamps
or a synchroscope. There are a number of ways
in which synchronizing lamps may be
connected, but the most satisfactory
arrangement is the two-bright one-dark method.
This connective arrangement is shown in figum
5-14. Note that the lamps are connected directly
between the incoming generator's output and
the buses. In this way, the two a-c sources may
be synchronized before the incoming generator's

---SYNCHRONIZING
---1-+-1 LAMPS

L3

LI

SYNCHROSCOPE

BUS
GENERATOR

4-
INCOMING

GENERATOR

238.299
Figure 5-14.Synchronizing lamp oonneatIon for

two-bright one -dark method.

Main power contactor is closed. At the instant
the two generators are to be paralleled L2 and
L3 will glow with maximum brilliance and L1
will be dark.

Assume that the incoming generator is far
out of synchronism-lagging. All three lamps will
appear to glow steadily, because the frequency
of the voltage across them is the difference in
the frequencies of the two generators, and thus
is too high for individual alterationr to be
observed. As the lagging generator is accelerated,
however, the lamp (differential) frequency
decreases until their light flickers visibly. Their
flickering will have a rotating sequence, if
connections are correct, and will indicate which
generator is faster.

At a point approaching synchronism, lamp
L1 will be dark because it is connected between
like phases. That is, the two-phase C voltages
will be so nearly synchronized that their
differential voltage across L1 will be insufficient
to make it glow visibly. However, this
differential may still be of sufficient magnitude
to damage the generators should they be
connected at this time. The reason for
cross-connecting L2 and L3 icw indicated.
Under perfectly synchronized condidons, the
phase voltages across L2 and L3 are both 120°
apart, because of their cross- connection, and
both glow with equal brilliance. However, if the
generators are not in complete synchronism, but
only very near it, one of the bright lamps would
be increasing in voltage as the other was
decreasing. This action would cause a visible
difference in the brilliance of L2 and L3. Thus,
by adjusting the incoming generator's frequency
so that no visible difference of brilliance exists
between L2 and L3, the exact point of
synchronism can be approached very closely
before paralleling the incoming generator with
the generator on the bus.

When the lamps have been used to bring the
generators as close to synchronization as is
visibly possible, the synchroscope is used to
make the filial fine adjustment to the incoming
generator's frequency. A synchroscope is a
highly sensitive instrument used to detect a
difference in frequency between two a-c sources.
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TRANSFORMERS

A transformei is a device that has no moving
parts and that transfers energy from one circuit
to another by electromagnetic induction. The
energy is always transferred without a change in
frequency, but usually with changes in voltage
and current. A stepup transformer receives
electrical energy at one voltage and delivers it at
a higher voltage. Conversely, a stepdown
transformer receives energy at one voltage and
delivers it at a lower voltage. Transformers
require little care and maintenance because of
their simple, rugged, and durable construction.
The efficiency of transformers is high. Because
of this, transormers are responsible for the more
extensive use of alternating current than direct
current. The conventional constant-potential
transformer is designed to operate with the
primary connected across a constant-potential
source and to provide a secondary voltage that is
substantially constant from no load to full load.

Various types of small single-phase
transformers are used in electrical equipment. In
many installations, transformers are used on
switchboards to step down the voltage for
indicating lights. Low-voltage transformers are
included in some motor control panels to supply
control circuits or to operate overload relays.

Instrument transformers include potential,
or voltage, transformers and current
transformers. Instrument transformers are
commonly used with a-c instruments when high
voltages or large currents are to be measured.

Electronic circuits and devices employ tinny
types of transformers to provide necessary
voltages for proper electron-tube operation,
interstage coupling, signal amplification, and so
forth. The physical construction of these
transformers differs widely.

The power-supply transformer used in
electronic circuits is a single-phase
constant-potential transformer with one or more
secondary windings, or a single secondary with
several tap connections. These transformers have
a low volt-ampere capacity and are less efficient
than large constant-potential power

transformers. Most power-supply transformers
for electronic equipment are designed to operate
at a frequency of 50 to 60 Hz. Aircraft
power-supply transformers are designed for a
frequency of 400 Hz. The higher frequencies
permit a saving in size and weight of
transformers and associated equipment.

CONSTRUCTION

The typical transformer has two windings
insulated electrically from each other. These
windings are wound on a common magnetic core
made of laminated sheet steel. The principal
parts are: (1) The core, which provides a circuit
of low reluctance for the magnetic flux; (2) the
primary windings, which receives the energy
from the a-c source; (3) the secondary winding,
which receives the energy by mutual induction
from the primary and delivers it to the load, and
(4) the enclosure.

When a transformer is used to step up the
voltage, the low-voltage winding is the primary.
Conversely, when a transformer is used to step
down the voltage, the high-voltage winding is the
primary. The primary is always connected to the
source of the power; the secondary is always
connected to the load. It is common practice to
refer to the windings as the primary and
secondary rather than the high-voltage and
low-voltage windings.

The principal types of transformer
construction are the core type and the shell
type, as illustrated respectively in figures 5-15(A)
and (B). The cores are built of thin stamitihigs of
silicon steel. Eddy currents, generated in the
core by the alternating flux as it cuts through
the iron, are minimized by using thin
laminations and by insulating adjacent
laminations with insulating varnish. Hysteresis
losses, caused by the friction developed between
magnetic particles as they are rotated through
each cycle of magnetization, are minimized bv
using a special grade of heat-treatff
grain-oriented silicon-steel laminations.

In the core type transformer, the copper
windings surround the laminated iron core. In
the shell type transformer the iron core

5-17
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LAMINATED CORES

CORE TYPE

(A)

L.V. WINDING

H.V. WINDING

wv/u U/ /U, /by
AWNANO IMMW:

.11.AWAI MN\ \IN
/ / ,/

MAW :MN'W
/ ;",;11///: 4///

SHELL TYPE

(B)

Fl of transformer oonstrultion.

surrounds the copper windings. Distribution
transformers are generally of the core type;
whereas some of the largest power transformers
are of the shell type.

If the windings of a core-type transformer
were placed on separate legs of the core, a
relatively large amount of the flux produced by
the primary winding would fail to link the
secondary winding and a large leakage flux
would result. The effect of the leakage flux
would be to increase the leakage reactance drop,
IXL , in both windings. To reduce the leakage

238.300

flux and ,eactance drop, the windings are
sub.''vid: nd half of each winding is placed on
eact.. Aeg of the core. The windings may be
cylindrical in form and placed one inside the
other with the necessary insulation, as shown in
figure 5-14(A). The low-voltage winding is
placed with a large part of its surface area next
to the core, and the high-voltage winding is
placed outside the low-voltage winding in order
to reduce the insulation requirements of the two
windings. If the high-voltage winding were
placed next to the core, two layers of
high-voltage insulation would be required, one

5-18144
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next to the core and the other between the two
windings.

In another method, the windings are built up
in thin flat sections called pancake coils.'These

, pancake coils are sandwiched together, with the
required insulation between them, as shown in
figure 5-15(B).

The complete core and coil assembly (fig.
5-16(A)) is placed in a steel tank. In some
transformers the complete assembly is immersed
in a special mineral oil to provide a means of
insulation and cooling, while in other
transfonnfirs they are mounted in drip-proof
enclosures as shown in figure 5-16(B).

Transformers are built in both single-phase
and polyphase units. A 3-phase transformer

(A)

consists of separate insulated windings for the
different phases, wound on a 3-legged core
capable of establishing three magnetic fluxes
displaced 120° in time phase.

VOLTAGE AND CURRENT RELATIONS

The operation of the transformer is based on
the principle that electrical energy can be
transferred efficiently by mutual induction from
one winding to another. When the primary
winding is energized from an a-c source, an
alternating magnetic flux is established in the
transformer core. This flux links the turns of
both primary and secondary, thereby inducing
voltages in them. Because the same flux cuts
both windings, the same voltage is induced in
each turn 'of both windings. Hence, the total

(B)

Figure 15-18.-8inglephase transformer.
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induced voltage in each winding is proportional
to the number of turns in that winding; that is,

E1 N1

where E1 and E2 arc the induced voltages in the
primary and secondary windings°, respectively,
and N1 and N2 are the number of turns in the
primary and secondary windings, respectively. In
ordinary transformers the induced primary
voltage is almost equal to the applied primary
voltage; hence, the applied primary voltage and
the secondary induced voltage are
approximately proportional to the respective
number of turns in the two windings.

A constant-potential single-phase
transformer is represented by the schematic
diagram in figure 5-17(A). For simplicity, the

11

0

0

SOURCE

1

primary winding is shown as being on one leg of
the core and the secondary winding on the other
leg. The equation for the voltage induced in one
winding of the transformer is

4 44 BSfs1
108

where E is the rms voltage, B the maximum
value of the magnetic flux density in lines per
square inch in the core, S the cross-sectional area
of the core in square inches, f the frequency in
hertz, and N the number of complete turns in
the winding.

For example, if the maximum flux density is
90,000 lines per square inch, the cross-sectional
area of the core is 4.18 square inches, the
frequency is 60 Hz, and the number of turns in

I

(B)

J
(A)

0

El

I

E2

(C)

ier

E2

12

Figure 5:17.Conetantpotentlal transformer.
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the high-voltage winding is 1,200, the voltage
rating of this winding is

4.44 x 90,000 x 4.18 x 60 x 1,200
E1

108

= 1,200 volts

If the primary-to-secondary turns ratio of this
transformer is 10 to 1, the number of turns in
the low-voltage winding will be

1,200 120 turns10

and the voltage induced in the secondary will be

E2
1

10
200 = 120 volts

The waveforms of the ideal transformer with
no load are shown in figure 5-17(B). When E1 is

7plied to the primary winding, N1, with the
s 'tch,.S, open, the resulting current Is, is small
an lagslags E1 by almost 90° because the circuit is
hi inductive. This no-load 5urrent is called
the e e iting, or magnetizing, current because it
supplie ,the magnetomotive force tltat produces
the transformer core flux cl). The flux produced
by Ia cuts \the primary wionding, N1, and induces
a counter voltage E0 180 out/of phase with E1,
ht this winding. The voltage, 42, induced in the
secondary winding is in phase with the induced
(counter) voltage, E0, in the primary' winding,
and both lag the exciting current and flux,
whose variations produce them, by an angle of
90*. These relations are shown in vector form in
figure 5-17(C). The values are only approximate
and are not drawn exactly to scale.

When a load is connected to the secondary
by closing switch S (fig. 5-17cA)), the secondary.
current 12, depends upon the magnitude of the
secondary voltage, E2, and the load impedance,
Z. For example, if E2 is equal to 120 volts and
the load Impedance is 20 ohms, the secondary
current will be

E 120
6 amperes

2 20
12 =

Z

If the secondary power factpr is 86.6 percent,
the phase angle, 02, between secondary current

5-21

and voltage will be the angle whose cosine is
0.866, or 30°.

The secondary load current flowing t rough
the secondary turns comprises a load com onent
of magnetomotive force, which accor' g to
Lenz's law is in such a direction as to opp se the
flux which is producing it. This oppositio tends
to reduce the transformer flux a slight ount.
The reduction in flux is accompanies by a
reduction in the counter voltage induce in the
primary winding of the transformer. Bec: se the
internal impedance of the primary w' ding is
low and the primary current' is limited
principally -by the counter emf in the inding,
the transformer primary current increa s when
the counter emf in the primary is reduc d.

The increase in primary current oMinues
until the primary ampere-turns are eq al to the
secondary ampere-turns, neglecting 1 sses. For
example, in the transformer being onsidered,
the magnetizing current, 4, is as ed to be
negligible in comparison with the t tal primary d

current, Ia, under load cond tions because
Is is small in relation td II an lags it by an
angle of 60°. Hence, the primary and secondary
ampere-turns are equal and opposite; that is,

N1I1 = E212

In this example,

T 120
2 1200 x 6 _ 0.6 ampere

Neglecting losses, the power delivered to the
primary is equal to the power supplied by the
secondary to they load. If the load power is P2
E212 cos 02, or 120 x 6 (cos 30° = 0.866) = 624
watts, the power supplied to the primary is
approximately Pi = E111 cos 0, or 1200 x 0.6
(cos 30° = 0.866) = 624 watts.

The load component of primary cturent,11,
increases with secondary load and maintains the
transformer core flux at nearly its initial value.
This action enables the transformer primary to
take power from the source in proportion to the
load demand, and, to maintain the terminal
voltage approximately constant. The
lagging-power-factor load vectors are shown in
figure 5-17(D). Note that the load power factor
is transferred through the transformer to the
primary and that 02 is approximately equal to

14
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01, the only difference being that 01 is slightly
larger than 02 because of the presence of the
exciting current which flows in the primary
winding but not in the secondary.

The copper loss of a transfor er varies as
the square of the load current; whereas the core
loss depends on the terminal voltage applied to
the primary and on the frequency of operation.
The core loss of a constant-potential transformer
is constant from no load to full load because the
frequency is constant and the effective values of
the applied voltage, exciting current, and flux
density are constant.

If the load supplied by a transformer has
unity power factor, the kilowatt (true power)
output is the same as the kilovolt-ampere
(apparent power) output. If the load has a
lagging power factor, the kilowatt output is
proportionally less than the kilovolt-ampere
output. For example, a transformer having a
full-load rating of 100 kva can supply a 100-kw
load at unity power factor, but only an 80-kw
load at a lagging power factor of 80 percent.

Many transformers are rated in terms of the
kva load that they can safelK.carry continuously
without exceeding a temperature rise of 80° C
when maintaining rated secondary voltage at
rated frequency and when operating with an
ambient (surrounding atmosphere) temperature
of 40°C. The actual temperature rise of any part
of the transformer is the difference between the
total temperature of that part and the
temperature of the surrounding air.

It is possible to operate transformers on a
higher frequency than that for which they are
designed, but it is not permissible to operate
them at more than 10 percent below their rated
frequency, because of the resulting overheating.
The exciting current in the primary varies
directly with the applied voltage and, like any
impedance containing inductive reactance, the
exciting current varies inversely with the
frequency. Thus, at reduced frequency, the
exciting current becomes excessively large and
the accompanying heating may damage the
insulation and the windings.

EFFICIENCY IP

The efficiency of a transformer is the ratio
of the output power at the secondary terminals

to the input power at the primary terminals. It is
also equal to the ratio of the output to the
output plus losses. That is,

efficiency output
in' put

output
output + copper loss + core loss

The ordinary power transformer has an
efficiency of 97 to 99 percent. The losses are
due to the copper losses in both 'windings *ad
the hysteresis and eddy-current losses in the irffli
core.

The copper losses vary as the square of the
curre t in the windings and as the winding
resis ce. In the transformer being considered,

e primary has 1,200 turns of number 23
copper wire, having a length of 1,320 feet, the
resistance of the primary winding is 26.9 ohms.
If the load current in the primary is 0.5 ampere,
the primary copper loss in (0,5)2 x.,261.9 = 6.725
watts, Similarly, if the secondary winding
contains 120 turns of number 13 copper wire,
having a length of approximately 132 feet, the
secondary tesisfince will be 0.269 ohm. The
secondary copper loss is 12 2 Rs, or (5)2 x 0.269
= 6.725 watts, and the total copper loss is 6.725
x 2 - 13.45 watts.

The core losses, consisting of the hysteresis
and eddy-current loses, caused by the
alternating magnetic flux in the core are

__ approximately constant from no load to full
load, with rated voltage applied to the primary.

In the transformer of figure 5-17(A), if the
core loss is 10.6 watts and the copper loss is
13.4 watts, the efficiency is

output
output + copper loss + core loss =

624 624 0 963
624 + 13.4 + 1-0.6 3411

or 96.3 percent. The rating of the transformer is

1,200 x 0.5 = 0 60 kva
1,000 1,000

5-22
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The efficiency. of this transformer is relatively
low because it is a small transformer and the
losses are disproportionately large.

SINGLE-PHASE CONNECTIONS

Single-phase distribution transformers
usually have their windings divided into two or
more sections, as shown in figure 5 -1, When the
two secondary windings are connected in series
(fig. 5-18(A)), their voltages add. In figure
5-18(B), the two secondary windings are
connected in parallel, and their currents add..
For example, if each secondary winding is rated
at 120 volts and 100 amperes, the
series-connection output rating will be 240 volts
at 100 amperes, or 24 kva; the
parallel-connection output rating will be 120
volts at 200 amperes, or 24 kva.

In the series connection, care must be taken
to connect the coils so that their voltages add.
The proper -arrangement is indicated in the
figure. A trace made through the secondary
circuits from X1 to X4 is in the same direction
as that of the arrows representing the maximum
positive voltages..

In the parallel connection, care must be
taken to connect the coils so that their voltages
are in opposition. The correct connection is
indicated in the figure. The direction of a trace

NI

XI

PRIMARY

2400 V4-- M2 MI

-4. 24 XI
22

4- 240 V
SECONDARY

(A)

PRIMARY

2400 V

11W 441.
23 X2

4--- 120 V -0
SECONDARY

(B)

24

236.303
Flours 5.laSingle-phase transformer secondary

connections.

made through the secondary windings from X1
to X2 to X4 to X3 and returning to X1 is the
same as that of the arrow in the right-hand
winding. This condition indicates that the
secondary voltages have their positive maximum
values in directions opposite to each other in the
closed circuit, which is formed by paralleling the
two secondary windings. Thus, no circulating
current will flow in these windings on no load. If
either winding were reversed, a short-circuit
current would flow in the secondary, and this.
would cause the primary to draw a short-circuit
current from the source. This action wotild, of
course, damage the transformer as well as the
source.

THREE-PHASE CONNECTIONS

Power may be supplied through 3-phase
circuits containing transformers in which the
primaries and secondaries are connected in
various wye and delta combinations. For
example, three single-phase transformers may
supply 3-phase power with four possible
combinations of th aries and secondaries.
These connections are: (1 arks in delta and
secondaries in delta, (2) prim wye and
secondaries in wye, (3) primaries in e and
secondaries in delta, (4) primaries in d and
secondaries in wye.

Delta and wye' connections were described
earlier in this chaptei-iinder the subject
"Three-Phase Generators," and the relations
between line and phase voltages a d currents
were also described. These relations apply to
transformers as well as to a-c genera

if the primaries of three single-phase
transformers are properly connected (either in
wye or delta) to a 3=phase source, the
secondaries may be connected in delta, as show
in figure 5-19. A topographic vector diagr of
the 3-phase secondary voltages is shown, figure
5-19(A). The vector sum of these three voltages
is zero. This may be seen by combining any two
vectors, for example.., EA and .EB, and noting
that their sum is equal and opposite to the 3rd
vector, Ec . A voltmeter inserted within the delta
will indicate zero voltage, as shown in figure
5-19(B), when the windings are connected
properly.

5-23
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Ec

120'

IVY

Ea

VOLTAGE VECTORS
DELTA CONNECTION

ma'

(A)

X2

TEST FOR ZERO VOLTAGE

( B )

VOLTAGE VECTORS

WYE CONNECTION

(C)

TEST FOR LINE VOLTAGE

(D)

Figure 5-19.Delte-connoted transformer secondaries.

Assuming all three transformers have the
same polarity, the delta connection consists of
connecting the X2 ead of winding A to the X1
leadkof B, the X2 lead of B to X1 of C, and the
X2 lead of C to X1 of A. If any one of the three
windings is reversed with' respect to the other
two windings, the total voltage within the delta
will equal twice the value of one phase; and if
the delta is closed on itself, the resulting current
will be of.short-circuit magnitude, with 'resulting
damage to the transformer windings and cc:0.es.
The. delta should 'never be closed until a test is
first made to determine that the voltage within

9
238.304

the delta is zero or nearly zero. This may be
accomplished by using a voltmeter, fuse wire, or
test lamp. In the figure, when the voltmeter is
inserted between the X2 lead of A and the X1
lead of B, the delta circuit is completed through
the voltmeter, and the indication should be
approximately, zero. Then the delta is completed
by connecting the Xi lead to A to the X1 lead
of B.

If the three secondaries of an energized
transformer bank are pcoperly connected in
delta and are supplying a1balanced 3-phase load,

5-24, 150 ,
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the line current will be equal to 1.73 times the
phase current. If the rated current of a phase
(winding) is 100 amperes, the rated line current
will be 173 amperes. If the rated voltage of a
phase is 120 volts, the voltage between any two
line wires will be 120 volts.

. The three secondaries of the transformer
bank may be reconnected in wye in order to
increase the output voltage. The voltage vectors
are shown in figure 5-21(r. If the phase
voltage is 120 volts, the line voltage will be 1.73
x 120 = 208 volts. The line voltages are
represented by vectors, E1,2, E2,3, and E3,1. A
voltmeter test for the line voltage is represented
in figure, 5-21(D). If the three transformers
have the same polarity, the proper connections
for a wye-connected secondary bank are
indicated in the figure. The X1 leads are
connected to form a common or neutral
connection and the X2 leads of the three
secondaries are brought out to the line leads. If
the connections of any one winding are reversed,
the voltages between the 3 line wires will
become unbalanced, and the loads will not

eive their proper magnitude of load current.
the phase angle between the line currents

*it, be changed, and they will no longer be 120°
out of phase with each other. Therefore, it is
important to properly connect the transformer
secondaries in order to preserve the symmetry of
the line voltages and currents.

Three single-phase transformers with both
primary and secondary windings delta connected

LI

*A'
B'

are shown in figure 5-20. The H1 lead of one
phase is always connected to the H2 lead of an
adjacent phase, the X1 lead is connected to the
X2 terminal of the corresponding adjacent
phase, and so on; and the line connections are
made at these junctions. This arrangement is
based on the assumption that the three
transformers have the same polarity.

An open-delta connection results when any
one of the three transformers is removed from
the delta-connected transformer bank without

disturbing the 3-wire3-phase connections to the
remaining two transfOrmers. These transformers
will maintain the correct voltage and phase
relations on the secondary to supply a balanced
3-phase load. An open-delta connection is shown
in figure 5-21. The 3-phase source supplies the
primaries of the two transformers, and the
secondaries supply a 3-phase voltage to the load.
The line current is equal to the transformer
phase current in the open-delta connection. In
the closed-delta connection, the transformer

phase current, 'phase = iline Thus, when one
.

transformer is removed from a delta-connected
bank of three transformers, the remaining two
transformers will carry a current equal to
Nrnphase. This valor amounts to an overload
current on each trans,....mer of 1.73 times the
rated current, or an overload of 73.2 percent.

Thus, in an open-delta connection, the line
current must be reduced so as not to exceed the

JUT
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NI

x2
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N2
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Figure 5-20.Delta-delta transformer connections.
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A
'LINE= 192a /LINE 2346a

3- PHASE
SOURCE

OPEN- DELTA
TRANSFORMERS

I73KW

Figure 5-21.Open-delta transformer connection.

rated current of the individual transformers if
they are not to be overloaded. The open-delta
connection therefore results in a reduction in
system capacity. The full-load capacity in a delta
connection at unity power factor is

PA = 3IphaseEphase =1/SElinehine

In an open-delta connection, the line current is

limited to the rated phase current of h ine
-- , and

the full-load capacity, of the open-delta, or
V-connected, system is

line '

PP = OElinei5

The ratio of the load thA can be carried by two
transformers connected in \open delta to the load
that can be carried by three transformers in
closed delta is

\;
Pp EffneIline j. 1

PP NirElineIline 1\0-
= 0.577, or 57.7 percent

of the I -delta rating.
For exz:dtple, a 150-kw 3-phase balanced load

\ operating at unity power factor is supplied at

I PHASE= 200a

3-PHASE LOAD
150 KW POWER FACTOR -=1.0

236.306

250 volts. The rating of each of three

transformers in closed delta is 3--150 = 50 kw, and

0 0the phase current is 5 0 0
= 200 amperes. The

line current is 200/3 -= 346 amperes. If one
transformer is removed from the bank, the
remaining two transformers would be

1overloaded 346 - 200 = 146 amperes, or 46 x

100 = 73 percent. To prevent overload on the
remaining two transformers, the line current
must be reduced from 346 amperes to 200
amperes and the total load reduced to

NrIx 250 x 200
= 86.6 kw1,000

Or

86.6 x 100 = 57.7 percent
150

of the original load.
The rating of each transformer in open delta

necessary to supply the original 150-kw load is
Ephaseiphase, 250 x 346 86.6 kw, and two

1,000 1,000

5-26 152
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transformers require a total rating of 2 x 86.6 =
173.2 kw, compared with 150 kw for three
transformers in closed delta. The required
increase in transformer capacity is 173.2 - 150 =

23.2 kw, or 23.2 x 100 = 15.5 percent, when150
two transformers titre used in open delta to
supply the sam load as three 50-kw
transformers in clos4d delta.

Three single-phase transformers with both
primary and secondary windings wye connected
are shown in figure 5-22. Only 57.7 percent of

the line voltage Elin e
J is impressed across each

winding, but full-line current flows in each
transformer winding.

Three single-phase transformers delta
connected to the primary circuit and wye
connected to the secondary circuit are shown in
figure 5-23. This connection provides 4-wire,

HI

x2

SUPPLY

B

3-phase service with 208 volts between line wires

A'B'C', 208 , or 120 volts, between each
V -5

line wire and neutral N. The wye-connected
secondary is desirable in installations when a
large number of single-phase loads are to be
supplied from a 3-phase transformer bank. The
neutral, or grounded, wire is brought out from
the midpoint of the wye connection, permitting
the single-phase loads to be distributed evenly
across the three phases. At the same time,
3-phase loads can be connected directly across
the line wires. The single-phase loads have a
voltage rating of 120 volts, and the 3-phase loads
are rated at 208 volts. This connection is often
used in high-voltage plate-supply transformers.

The phase voltage is 1

1.73' or 0.577 of tie line

voltage.

Three single -phase transformers with
e-connected primaries and delta-connected

C
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H2
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X2
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AAAAAAAAAAAAAAA..
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XI

Figure 5-22.Wye-wye transformer connections.
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Figure 5-23.Delta-wye transformer connections.

secondaries are shown in figure 5-24. This
arrangement is used for stepping down the
voltage from approximately 4,000 volts between
line wires on the primary side to either 120 volts
or 240 volts, depending upon whether the
secondary windings of each transformer are
connected in parallel or in series. In the figure,
the two secondaries of each transformer are
connected in parallel, and the secondary output
voltage is 120 volts. There is an economy in
transmission with the primaries in wye because
the line voltage is 73 percent higher than the
phase voltage, and the line current is accordingly
less. Thus, the line losses are reduced and the
efficiency of transmission is improved.

POLARITY MARKING
OF POWER TRANSFORMERS

It is essential that all transformer windings
be properly connected; therefore, it behooves
the technician to have a basic understanding of
the coding and the marking of transformer leads.

The leads of large power transformers, such
as those used for lighting and public utilities, are
marked with numbers, letters, or a combination

236.308

of both. This type of marking is shown in figure
5-25. Terminals for the high-voltage windings are
marked H1, H2, H3, and so forth. The increasing
numerical subscript designates an increasing
voltage. Thus, the voltagb between H1. and H3 is
higher than the voltage between H1 and H2.

The secondary terminals are marked X1, X2 ,

X3, and so forth. There are two types of
markings that may be employed on the
secondaries. These are shown in figure 5-25.
When the H1 and X1 leads are brought out on
the same side of the transformer (fig. 5-25(A)),
the polarity is called subtractive. The reason this
arrangement is called subtractive is as follows: If
the H1 and X1 leads are connected, and a
reduced voltage is applied across the H1 and H2
leads, the resultant voltage which appears across
the H2 and X2 leads in the series circuit formed
by this connection will equal the difference in
the voltagei of the two windings. The voltage of
the low-voltage winding opposes that of the
high-voltage winding and subtracts from it,
hence the term "subtractive polarity."

When the H1 and X1 leads are brought out
on opposite corners of the transformer (fig.
5-25(B)), the polarity is additive. If the H1 and
X2 leads are connected and a reduced voltage is

4.A4
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Figure 6-24.Wye-delta transformer connections.
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Figure 5.25. Polarity markings for large transformers.

applied across the H1 an 2 leads, the resultant
voltage across the H2 an X1 leads in the series
circuit formed.by this connection will equal the
sum of the voltages of the two windings. The
voltage of the low-voltage winding aids the

236.309

voltage of the high-voltage winding and adds to
it, hence the term "additive polarity."

Polarity markings do not indicate the
internal voltage stress in the windings but are
useful . only in making external connections
between transformers, as previously mentioned.

SWITCHBOARDS

A-c switchboards may consist of a single
section or of several sections physically
separated and connected by cables to form a
switchgear group. This arrangement of sections
provides greater protection from damage. It also
provides a means for localizing damage, and
removal of a damaged section for repairs or
replacement.

The switchboard of figure 5-26 or 5-27 is the
1S or forward section of a DDG-2 class
destroyer. This type of switchboard utilizes
sheet steel panels or enclosures from which only
the meters and operating handles protrude to
the front.

The forward ship's,service switchgear group
is designated as the control switchboard; it
contains meters and control equipment for the
after generators as well as instruments for the
forward generators. In this setup, the
Electrician's Mate on watch forward can control

5-29
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,T! 7 Z4Z: -

Figure 5-26.-1SA ship service switchboard, DDG-2 class destroyer.

the after generators as well as the forward
generators by means of the remote gov'ernor
motor control switch. The after ship service
switchgear group is similar to the forward group,
consisting of the same number of panels
correspondingly designatede----

A separate control benchboard k fig. 5-28) is
Provided in the switchgear groups for cruisers
and carriers. This benchboard mounts all the
generator control equipment, all measuring
instruments, and all controls for electrically

77.322

operated equipment. The arrangement provides
for centralized control of the generators and
major switching operations. The control
benchboards in ships having four or more ship
service switchgear groups are provided with a
mimic bus whose indicating lights show which
generator circuit breaker or bus tie breaker is
closed throughout the ship. In ships not
provided with a control benchboard, the
metering and control equipment is mounted on
the front panels of the units in the switchboards
or switchgear groups.
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1?

;EA * 441. .r

Figure 5-27.-1.3B ship service switchboard, DDG-2 class destroyer.

CONTROL EQUIPMENT

Generator switchboards are equipped with
meters to indicate the generator voltage, current,
power, frequency, and power factor (new
construction ships do not have power factor
meters). Synchroscopes and synchronizing lamps
are also provided for paralleling a-c generators.
Indicator lamps show the operating conditions
of various circuits.

The frequency is controlled by generator
speed which, in turn, is automatically controlled

77.323

by the speed governor of the prime mover. The
speed governors for large machines can be set to
the required speed by a control device mounted
on the switchboard.

When running in parallel with other
generators, a generator is prevented from
operating as a motor by a reverse power relay.
This relay trips the generator breaker and takes
the generator off the line when power is fed
from the line to the generator instead of from
the generator to the line.

A voltage regulator is mounted on each
switchboard and operates automatically to vary
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27.85.1
Figure 5-28.--Control benchboard.

the field excitation in order to maintain the
generator voltage constant throughout normal
changes in load.

Some ships are provided with a standby
-regulator and transfer switch to provide
automatic voltage regulation if the regulator in
service fails. In recent construction the standby
regulator has been deleted. In all installations a
means is provided to manually adjust the voltage
if the automatic regulator fails.

GROUND DETECTOR LAMPS

A set of three ground detector lamps (fig.
5-29), connected through transformers to the
main bus of each ship service switchgear group
and to the emergency bus, provides a means to
check for grounds on any phase of the 3-phase
system.

77.172
Figure 5-29.A.c. ground detector lamp circuit.

To check for a ground, turn switch S on and
observe the brilliancy of the three lights. If the
lights are equally bright, all lights are receiving
the same voltage; and no ground exists. If lamp
A is dark and lamps B and C, are bright, phase A
is grounded. In this case, the primary of the
transformer in phase A is shunted to ground and
lamp A receives no voltage. Similarly, if lamp B
is dark and lamps A and C are bright, a ground
exists on phase B. If lamp C is dark and lamps A
and B are bright, a ground exists on phase C.

VOLTAGE REGULATORS

A voltage regulator consists of a control
element and associated mechanical or electrical
means to produce the changes in the generator
field current that are necessary to maintain a
predetermined constant generator terminal
voltage. The functions performed by voltage
regulators and their auxiliary equipment are to
maintain the generator terminal voltage within
specified limits, and to provide for proper
division of the reactive current between
generators operating in parallel. The types of
voltage regulators used in naval ships are the
direct acting rheostatic type, the rotary
amplifier type, or the combined static excitation
and voltage regulation team. The type used
depends on which is considered molt suitable
for a particular application.

\,

One regulator is provided for each generator
that iistR be regulated. In some shiP service
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installations a spare voltage-sensitive (control)
element is installed on the switchboard. The
switchboard is provided with a transfer switch so
that a spare element can be placed in service if
the normal control element becomes deranged.
Spare control elements are not installed for
voltage regulators used on emergency generators.

The static excitation and voltage regulator
system furnishes the a-c generator field current
by rectifying a part of the a-c generator output.
This output is fed to the field as a self-excited
generator, after initial flashing from a battery or
other source of low voltage direct current, to
build up the voltage. The control element is a

.network of capacitors, reactors, and resistors,,
and it- controls the field current by means of
magnetic amplifiers. This system eliminates the
rotating exciter and other moving parts and
replaces them with an assembly of static
components.

Static voltage regulators using
silicon-controlled rectifiers and transistors has
reduced the size and weight of regulators (as
compared with designs using magnetic,
amplifiers) and are now furnished for all new
ship service generators.

The SILVERSTAT, a direct and quick-acting
voltage regulator is used for both ship service
and emergency generators (fig. 5-30). In large
alternators the regulating resistance is connected
in the shunt-field circuit of the exciter. In small
machines that use these regulators the resistance
may be connected directly in series' with the
alternator field. The torque element of the
Silverstat regulator consists of a control coil
operated by a direct current obtained from a
Rectox rectifier. A movable score is mounted on
an aluminum armature in such a manner that it
can move in the air gap of the magnetic 'circuit
of the control coil. The magnetic pull on the

2
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Figure 560.A silverstat voltage regulator on an a.c. generator.
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armature is balanced by the adjusting spring. A
driving member is mounted on the upper end of
the armature and bears against an assembly of
silver buttons. Each button is mounted at
the free end of an ls:dividual leaf spring of
conducting material. The leaf springs are
individually insulated. A connection is made
from The fixed end of each leaf spring to a tap
on the regulating resistance, which is in series
with the shunt field of the exciter.

When the top of the moving arm is at the
left-hand end of its travel, the driving member
allows the free ends of the leaf springs, which
carry the silver buttons, to rest against a stop of
insulating material. In this position the free ends
and the silver *tons are separated from ore
another. As the moving arm travels to the right,
the driving member bears against the
silverbutton assembly, which closes the silver
buttons together successively and in sequence.
When the moving arm reaches the right-hand
limit of travel, all the buttons are in firm contact
with one another. As the driving member travels
back to the left, the buttons successively move
apart, in sequence, from one another. Only a
travel of a fraction of an inch is required to close
or open all the buttons in sequence. Although
the operation of the silver buttons in sequence
appears to cut small steps of resistance in or out
in a definite step-by-step manner, its operation
does not actually do so. As the buttons are
operated by the' moving am, there is a
progressive change in pressure between the faces
of the buttons. This change in pressure between
the silver surfaces varies the effective resistance,
which amounts to varying the field resistance in
almost infinitesimal steps.

For a given value of regulated voltage and
load on the machine being regulated there is a
corresponding value of regulating resistance
required in the field circuit and a corresponding
position of the moving arm and silver buttons
which will give this value of resistance. Under
such conditions the magnetic pull on the moving
arm is balanced against the spring pull at the
position of its travel. When a load change occurs
on the regulated machine, a corresponding
change in terminal voltage occurs. To restore the

voltage to its correct regulated , the rt:,vino
arm and the silVer buttons t.).;e.e a Ile V po4dori
because of the unbalance between the spring
pull and the magnetic pull on the moving arm.

If the voltage of the 'alternator rises, the
armature is drawn further into 'the air gap of the
magnet. This causes the driving member to
reduce its pressure on the leaf springs, opens
some of the short-circuiting silver buttons,
inserts more resistance in.o the exciter field, and
restores the voltage to its correct value. Should
the alternator voltage drop, the process is
reversed.

PHASE SEQUENCE

The phase sequence in naval ships is ABC;
that is, the maximum positive voltages on the
three phases are reached in the order: A, B, and
C. Phase sequence determines the direction of
rotation of 3-phase motors. Reversal of the
phase sequence reverses the direction of rotation
of 3-phase motors. The phase sequence of the
power supply throughout a ship is always ABC
(irrespective of whether power is supplied from
any of the switchboards or from the shore
power connection) to ensure that 3-phase, a-c
motors will always run in the correct direction.

Phase identification is denoted by the
letters, A, B, and C in a 3- phase system.
Switchboard and distribution-panel bus bars and
terminals on the back of switchboards are
marked to identify the phase with the
appropriate letters, A, B, or C. The standard
arrangement of phases in power and lighting
switchboards, distribution panels, fefder
distribution boxes, feeder junction boxes; and
feeder connection boxes is in the order A, B, C
from top to bottom, front to back, or right to
left when facing the front of the switchboard,
panel, or box and left to right when facing the
rear of.the switchboard, panel, or box.

SHORE POWER CONNECTION

The number and locations of shore power
connections vary on different types of ships.
Shore power connections are provided at, or
near, a suitable weather-deck location to which
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portable cables from the shore or from ships
alongside can be connected to supply power for
the ship's distribution system when the ship
Service generators are in operation. This
connection also can bo .arld to supply power
from the ship servr; . generators to ships
alongside.

EMERGENCY POWER DISTRIBUTION

The emergency power distribution system
supplies an immediate and, automatic source of
electric power to a limited number of selected
vital loads in the event of failure of the normal
ship service power di3tribution system. The
system, which is separate and distinct from the
ship service power distribution system; includes
one or more emergency distribution
switchboards. Each emergency switchboard is
supp4d by i,s associated emergency generator.
The ergency feeders run from the emergency
switchboard and terminate in manual or
automatic bus transfer equipment at the
distribution panels or loads for which emergency

L-_ power is provided. The emergency power
distribution system is a 450-volt, 3-phase,
60-hertz system with transformer banks at the
emergency distribution switchboards to provide
120-volt, 3-phase power for the emergency
lighting system.

The emergency generators and switchboards
are located in separate spaces from those
containing the ship service generators and
Jistribution switchboards. The emergency
feeders are located near the centerline and
lugh6r in the ship (above the waterline) than the
normal and alternate ship service feeders. This
arrangement provides for horizontal separation
between the normal and alternate ship service
feeders and vertical separation between these
feeders and the emergency feeders, thereby
minimizing the possibility of damaging all three
types of feeders simultaneously.

The emergency switchboard Is connected by
feeders to at least one and usually to two
different ship service switchboards. One of these
switchboards is the preferred source of ship
service power for the emergency switchboard

and the other is the alternate source (fig. 5-31).
The emergency switchboard and distribution
system are normally energized from the
preferred source of ship service power. If this
source of power should fail, bus transfer
equipment automatically transfers the
emergency switchboard to the alternate source
of the ship service power. If both the preferred
and alternate sources of ship service power fails,
the prime mover of the emergency generator

1 starts automatically (within 10 seconds after
\ power failure) and the emergency switchboard is,'
\ automatically transferred to the emergency

generato.

\ When the voltage is restored on either the
preferred or alternate source of the ship service
Power, the emergency switchboard is
automatically retransferred to the source that is
available, or to the preferred source if voltage is
restored on both the preferred and altenukte
sources. However this is only on certain types of
sluPs. Some systems require the eme ncy
generator to be tripped manually before the

-ABl' will transfer back to the available prefe d
or 41ternate source. The emergency generator
must be manually shut down. Hence, the
emergency switchboard and distribution system
are always energized either by a ship service
generator or by the emergency generator.- \
Therefore, the emergency distribution system
can always supply power to a vital load if both
the normal and alternate sources of the ship
service power to this load fails. The emergency
generator will not start automatically if the
emergency switchboard is receiving power from
a ship service generator.

EMERGENCY SWITCHBOARDS

The forward and after emergency
switchboards are located in the forward and
after emergency generator rooms respectively.
The emergency switchboards provide electric
power to vital auxiliaries and a limited amount
of lighting in the event of failure of the ship
service power.

The emergency power system is arranged for
automatic transfer of the circuit for the steering
power panel to the emergency generator. The
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Figure 5-31.Emergency switchboard from a DDG-2 type destroyer.

forward and after emergency switchgear groups
are normally energized. from the forward and
after ship service switchgear groups respectively.

The forward emergency switchgear group
(fig. 5-32) controls the forward emergency
generating unit; the forward ship service and
emergency bus transfer equipment; the local
emergency power bus feeders; the remote
emergency power bus feeders; and the
emergency lighting feeders.

77.324

The after emergency switchgear group (not
shown) controls the after emergency generating
unit; the after ship service and emergency bus
transfer equipment; the special emergency
power bus feeder; the emergency power bus
contactor; the local emergency power bus; the
remote emergency power bus feeders; and the
emergency lighting feeders.

The generator panels of both the forward
and after emergency switchboards are provided

5 -36162
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INDICATES

1 1

SHIP'S SERVICE GENERATOR B
DISTRIBUTION SWITCHBOARD

EMERGENCY SWITCHBOARD

FEEDERS FROM SHIP'S SERVICE
TO EMERGENCY SWITCHBOARD

BUSTIE BETWEEN WOWS SERVICE
SWITCHBOARDS

Figure 5.32. Emergency and ship service distribution systems interconnections.

with an a-c voltmeter to permit reading at least
one phase-to-phase voltage of the- a-c generators.
An a-c watt-meter for reading the power of the
emergency generator, a frequency meter for
reading the frequency of the local power bus,
and an a-c ammeter to permit reading the
current in at least one phase of the emergency
generator.

INTERCONNECTIONS

The connections between the ship service
and, the emergency generating units and their
associated switchboards and the
interconnections between the switchboards bus
tie breakers enable one generating unit to
supply power to both ship service switchboards
when the other unit is out of service and also
provides for parallel operation of the two ship
service generating units. However, when
operating split-plant, the generators are operated

77.165 ,

separately, each unit supplying power to its own
section of the ship. In recent construction the
emergency switchboards have only one bus;
however, older types may have two, one local
and one remote.

Each emergengy switchboard (fig. 5-32) has a
normal, .alternate and emergency supply. The
emergency supply would be supplied by its
respective' emergency generator. Under normal
operating conditions the emergency switchboard
would be supplied from its normal source and
the alternate supply would be available at the
switchboard in case of loss of the normal source.
In the event normal supply is lost the transfer
switch would automatically select the alternate
source. If both normal and lternate sources are
lost the emergency dies I would start
automatically and would feed its own
switchboard.

This system is provided with feedback
circuit breakers so that either the forward or
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after ship service switchgear group may be
provided with limited power from either
emergency switchboard.

AUTOMATIC OPERATION

To set up the emergency switchboard for
automatic operation, main contacts SLC on
device 83E and generator circuit breaker 52E
(fig. 5-33) must be closed manually. If the
normal source is the preferred source, selector
switch 10 is turned to the NORMAL positiont
which closes its contact in coil circuit of relay
CR1. The alternate source automatically
becomes the standby source.

GEN

52E

When power is available 0382 dr more volts
from the Rrmal source, voltage relay VI is
energized. It normally open contacts close and
its normally closed contacts open, thereby
completing 'a circuit to relay CR1 through
contacts V1/2 and 10 (nor); also, a circuit is
completed to timing relay TR1 through contact
V1/1. Whn energized, relay CR1 opens. its
normally olosed contacts and closes its normally
open contacts to complete a circuit to the motor
of device 83N, through the contacts of LS J,
CR1, and 43. This motor then operates, closing
main contacts SSC1 after a delay of about three
seconds. Since it is energized through contact
V1/1 when theAnain bus is energized, TR1

83E

FEED

89
BACK )-)-)

43

SLC

4 h4 1r

1-1

C

100KW DIESEL GENERATOR

SHIP SERVICE
TEST SWITCH

ALT V2
3

83N.

EMERGENCY TRANSFER
TEST SWITCH

43
LSI CRI 6 CRI LS2

N6H 413

2 5
)14

Figure 5.33. Emergency switchboard layout.
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opens its normally closed contact (not shown) in
the diesel starting circuit, to prevent starting of
the emergency diesel generator. Contacts SSC2
and ESC will not close, nor will transfer occur,
while power is available from the normal source
with selector switch 10 on the NORMAL
position. The closing sequence of contacts SSC2
is blocked by the open contacts of CR1. Also,
contacts ESC are blocked by an open contact of
TR1 in the diesel starting circuit. Therefore no
power is available to close contacts ESC.

When the alternate source is available and
voltage front the normal source falls below 315
volts, voltage relay VI will drop open by
opening its normally open contacts and closing
its normally closed contacts. Thus, it deenergizes
the circuit to relay CR1 and timing relay TR1.
At the same time, relay CR1 opens its normally
open contacts and closes its normally closed
contacts to complete a circuit to the motor of
device 83N through the contacts of LS2,
and 43. This motor then operates in the reverse
direction to open main contacts SSC1 after a
delay or nearly one-half second, and close main
contacts SSC2 after a total delay of about three
seconds. Voltage relay V2, energized when there
is power available at the alternate source, closes
its contact V2-1 in the timing relay circuit. The
timing relay then functions as did TR1 by
opening its contact in the diesel starting circuit.

If voltage is restored to the normal
source, there is an automatic retransfer to the
normal source, because the position of selector
switch 10 determines which voltage relay takes
precedence. If the alternate source is selected as
the preferred source, selector switch 10 is turned
to the ALTERNATE position, which opens
contact 10 (nor) and closes contact 10 (alt).
Now the normal source is the standby source.

With the alternate source at the proper
voltage, the motor of device 83N operates to
close the main contacts SSC2 after a delay of
about three seconds. When energized, voltage
relay V2 opens its contact V2/3 deenergizing or
opening relay CR1 circuit. The 83N motor
circuit is then completed through the contacts
of LS2, CR1, and 43. Energizing the main bus
completes the timing relay circuit through
contact V2/1. The timing relay then opens its
contact in the diesel starting circuit to prevent
starting of the emergency diesel generator.

Contacts SSC1 and ESC w nor close, nor will
transfer occur, while pow= is available from the
alternate source with ector switch 10 on the
ALTERNATE position. The closing sequence of
contacts SSC1 is blocked by, the open contacts
of CR1. Also, contacts ESC are hlocked by open
contacts of TR2 in the diesel starting circuit.

Assume an undervoltage or voltage failure on
the alternate source while it is selected as the
preferred source, with power available on the
normal source. If voltage from the alternate
source falls below 315 volts, voltage relay V2
will drop open thus opening its normally open
contacts and closing its normally closed
contacts. A circuit to relay CR1 is then
completed through contacts V2/3 and 10 (alt).
With relay CR1 now energized, its normally
closed contacts open and its normally open
contacts close to complete a circuit to the motor
of device 43N through the contacts of LS1,
CR1, and 43. This motor then operates as
described previously, except that main contacts
SSC1 and SSC2 are interchanged. The diesel
starting circuit is again blocked by operation of
the TR2 contacts. If voltage is restored to the
alternate source, there is an automatic retransfer
to the alternate source, as previously described.

Next, assume an undervoltage or voltage
failure on both ship service sources, with the
switchboard set up for automatic operation. In
this case, voltage relays V1 and V2 drop out by
opening their normally open contacts and
closing their normally closed contacts. When
contacts V1/1 and V2/1 open, timing relays
TR1 and TR2 are deenergized. After a delay of
approximately six seconds, timing relay contacts
close in the diesel starting circuit which will
complete the circuit to the starter motor and
start the diesel. When the diesel generator raises
the operating voltage to between 382 and.450
volts, relay CR2 is energized through the
normally closed contacts V1/3 and V2/2 of the
deenergized relays VI and V2. Relay CR2 then
closes its contacts, completing a circuit to the
motor of device 83E, through the contacts of
LS3, CR2, and 43. This motor then operates to
open main contact SLC after a delay of nearly
one-half second, and close main contact ESC
after a total delay of about three seconds.
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RETRANSFER TO SHIP'S SERVICE
FROM EMERGENCY

When ship servicte voltage is restored,
retransfer to the ship service supply must be
made manually by turning the handwheel of
device 83E to the SHIP'S position. This position
opens main contacts SLC, and permits the
emergency bus to be energized from the desired
ship service supply.

TEST OPERATION

A preferred source transfer test switch is
provided to simulate a voltage failure on the
preferred source, whichever one is selected,
causing a transfer to the other ship service
supply. An emergency transfer test switch is
provided to simulate a voltage failure on both
ship service supplies, causing a transfer to the
emergency supply. A diesel test switch (not
shown) is provided to tekt the function of the
starting controller. The
without causing any tr
generator circuit breaker

diesel engine starts
nsfer of load, after
52E opens. Devices

83N and 83E are operated manually by engaging
and turning their handwheels after the diesel
start switch (not shown) is turned to its
LOCKOUT position, and the manual-automatic
switch (not shown) is turned to its MANUA
position, in the order givdn. The diesel generato
may be started manually by turning the diesel)
start switch to its START position. The START1
position must be maintained during the entire
cranking period.

FEEDBACK OPERATION

Emergency-generator power is fed back to a
ship service switchboard only when this
switch/board is deenergized. The procedure for
feeding back is:

Turn the manual-automatic switch to its
MANUAL position to keep device 83E or 83N
from operating automatically.

Turn the operating handwheel of device
83E to its EMER position.

Position the operating handwheel of
device 83N for the ship service source it is
desired to energize.

Start the diesel generator.
/

Close generator circuit breaker 52E and
feedback circuit breaker 89.

POWER DISTRIBUTION ON i'IDLG

The a-c power distribution s stem of a
DLG-23 class destroyer is shown i figute 5-34.
This diagram shows in simplif' d form the
electrical system with its inter inking power'
circuits and emergency connec ions. All ship
service 60-hertz power Utilized on this class of

ip passes through switchgear group 1S and 2S
d the emergency switchboards 1E and 2E.

/ ,/

SHIP SERVICE ELECTRIC PLANTS
/

The forward electric plant consists of ship
service generators 1A, and /1B, and ship service
awitchgear group 1S, located in the forward
(No. 1) engineroom.

The after electric plant consists of ship
service generators 2A, 2B, and ship service
switchgear group 2S, located in the after (No. 2)
engineroom. /

The four ship service generators are
1000-kw, 450-volt, f604-ampere, 3-phase,
60-hertz, steam turbine/driven, totally enclosed
units. /

EMERGENCY ELECT IC PLANTS

The forward emergency plant consists of the
emergency generator/ 1E and the emergency
switchboard 1E. The emergency generators are
physically separated as far as possible from the
ship service generators, and each other, to

`, protect against simultaneous damage to the
\ ship's electrical syStem from a single source.
,Both the forward mergency generator 1E, and
the after emergenc generator 2E, are rated 300-
Icw, 450-volt, 60 ertz, 3-phase. The forward
einergency generator is driven by a gas turbine
an the Ifter emergency generator is driven by
a iesel engine. I figure 5-34 the normal and
alt rnate supplies of the emergency
switchboards are labeled, to show these bus

The 1 three cir uit breakers shown on 1 E

feeJers from the ship service switchgear groups.

emergency sWitchboard are electrically

540
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Figure 5-34.Power distribution (80 hertz) system on the DLO23.

interlocked when the emergency switchboard is
set up for automatic operation. While lE or 2E
is set up for automatic transfer, if the normal
ship service supply drops to 300 volts or below,
the load is automatically transferred to the
alternate supply if 400 volts or above are
available from the alternate source. If 400 volts
or above are restored to the normal supply the
load will automatically retransfer to the normal
supply. If both ship service supplies fail or their
voltages drop below 300 volts, the transfer
operates automatically through relays to start
the emergency generator and connect it to the
emergency switchboard. If the emergency
generator is supplying the emergency
switchboard and ship service power is restored,
retransfer will not take place, but can be

541

-1

52 I

J

77.252

aQconiplished by manually tripping the
emergency generator circuit breaker. The
operation of 1 E or 2E is the same.

When the ship service plants are secured and
shore or tender power is not available, the
emergency generators can feed power back to
either switchgeal gel!, by means of a bus
transfer selector switch on the et lzrgency
switchboards. The bus transfer selector switch
when placed in the manual position, allows
manual operation of the circuit breakers on the
emergency switchboards. While the bus transfer
selector switch is in the normal preferred or
alternate preferred position, the three circuit
breakers on the emergency switchboards are
interlocked and only one of them can be closed
at a time. The feedback circuits should only be
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Figure 5.38.Ship service switehgeer group No. 18; Section 18B.

in parallel (parallel IS and 2S via the bus tie),
however no more than three generators can be
safely operated in parallel without exceeding the
interrupting capacity of the circuit breakers. The
ship service generators should never be paralleled
with the emergency generators.

77.254

Ship service lo,itchgear groups are
represented by showing the 1 SA section of the
IS switchgear group in figure 5-35 and the ISB
section in figure 5-36. If one section is damaged,
it may be isolated from the undamaged section
by using the disconnect switches.
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Figure 5-37 shows a disconnect device in
both the open and closed position. The
disconnect devices should NEVER be opened or
closed on a hot bus. When operating a
disconnect device it should always be either
completely open or completely closed. The
locking springs lock the device to prevent

_accidental opening or closing due to vibration.
The device is operated completely in either
direction until the locking spring is compressed.

SHORE POWER CONNECTIONS

The DLG is equipped with three topside
shore power terminal boxes. Two of the shore
power terminals (one 800 and one 400 amperes)
connect to the bus tie circuit between 1S and 2S
as shown in figure 5-36. The other shore power

Figure 6-

connection (800 amperes) is connected to the
2SA section of switchgear 2S an AQB-A800
ampere frame circuit breaker.

CASUALTY POWER

The back of each emergency switchboard
(fig. 5-38) is provided with one casualty power
terminal and each ship service switchgear group
is provided with four casualty power terminals
installed on the back of the units (two for each
section (fig. 5-39) and connected to the buses
through 250-ampere frame size AQB circuit
breakers.

400-HERTZ POWER DISTRIBUTION

In addition to the 60-hertz power supplied
by the ship service and emergency generators,

INSULATED
BASE /CONTACT

BLOCK ,

BRIDGING
CONTACT

LOCKING
spRING CROSSHEAD

.PIN

BACKING
PLATE

HINGE
BLOCK

LOCKING
SPRING

OPERATING
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!soonnect device.

5.44
17o

77.266



Chapter 5A-C POWER DISTIVBUTION SYSTEMS
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CASUALTY
POWER
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Figure SatEmergency switchboard 1E, rear view.

the DLG also has 400-hertz systems. The
400-hertz' power is generated by motor
generator sets and distributed via special
frequency switchboards (fig. 5-40) to the various
400-hertz equipments. The DLG has three
200-kw, 400-hertz, 450-volt, phase motor
generators which supply . ship service
400-hertz power. These three motor generators,
numbered MX; 1, M/G 9, and M/G 13 in figure
5-41, supply power to ship spe
frequency switchboards 1SF, 5SF, and 6SF,
re sp ec tivel y Motor-generator M/G 9 is

77.20

considered a standby set which .:an supply 1SF
or 6SF, or can be operated in pai 01111 with M/G

.M/G 9 or M/G 13 may be paralleled
momentarily with M/G 1 when transferring the
load. Figure 5-41 Is a simplified line diagram of
the 400-hertz ship .servize , bus tie
interconnections. The circuits being fed from
the 400 -hertz ship service switchboards are
deleted front the figure for simplicity.

dtchboard 1SF supplies the missile, fire
rtyltro% ASROC and IC circuits in the forward
part of the ship, and 6SF supplies the weapons
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Figure 5-39.Ship service swItohgear group 28, to. generator No. 2A, and disttibution section, rear view.

circuits in, the after part' of the ship. The DLG
also has six 60-k w, 450-volt, 3- phase, 400-hertz
motor generator sets for missile fire control
radar. Three of these sets (numbered 5, 7, and 8)
feed the missile illuminator power switchboard
(2SF) forward, and three sets (numbered 10, 11,-
and '12) supply the missile illuminator power
switchboard (4SF) %ft. Motor generator number
8 is the forward standby set and number 12 is
the after standby set. The weapons control IC
switchboard receives its normal 400-hertz power
from a separate 60-kw motor generator svt
(M/G 14) via switchboard 3SF and automatic
bus transfer equipment. In the event of a power
loss from MG/ 14, the weapons.IC switchboard
po'.v- ,-p'y is transferred by automatic bus
traar.wr to its alternate power supply, which is
horn 6SF.

CLOSELY REGULATED POWER
SUPPLIES

Certain weapons, Interior communications,
and other electronics systems aboard modern

77.213

Navy ships require closely regulated electrical
power for proper operation, Special closely
'regulated MG sets supply the greater part of tillo
power. Static type converters are also ustiu in
some installations.,

30-KW MOTOR GENERATOR SET

The closely regulated MG se'. (fig. 5.42),
consists of a 450-volt, 3-phase, 60-Hz, 50-hp,
wound rotor induction motor driving a 450-volt,
3-phase, 400-Hz, 30-kw gewritor. The set is
regulated and controlled by a voltage and
frequency regulating system hol!sed in the rotor
resistor and regulator unit control cabinets, and
a magnetic controller with associated
pushbuttons and switches located in the control
cabinet.

The magnetic controller is a conventional
size 3 across-the-line semiautomatic motor
controller (starter). The yoltage regulating system
functions to supply the proper field current to
the generator So as to maintain the generator
output voltage within plus or minus one-half of
one percent of rated output voltage for all load

5.46,, 172
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77.281
Figure 6-40.-400 hertz switchboard-18F.

conditions. The frequency regulating system
functions to control the speed of the drive
motor so as to maintain the output frequency of
the generator within plus or minus one-half of
one percent of its rated value for all load
conditions. In addition, power sensing networks
that function to eliminate speed droop with
increased generator loads and to maintain equal
sharing of the load between paralleled generators
are include'

Voltage Regulating System

The voltage regulating system consists of a
voltage regulator and a static exciter as shown in
figure 5-43. The output from the power section
of the regulator, in conjunction with windings
within the exciter, control the static
exciter output. rtke static exciter output in turn
supplies d-c zurrent) to the generator
field of the proper magnitude so as to maintain
the generator output voltage within specified
limits under all load conditions.

The static exciter consists of a saturable
current-potential transformer (SCPT), three
linear reactors (chokes), and a 3-phase bridge
'rectifier unit. The SCPT contains (1) a primary
winding consisting of both voltage and current
windings, (2) a d-c control winding, and (3) a
secondary winding. The voltage primary
windings are connected in series with the chokes
across the generator output. The current
primary windings are connected in series with
the load and thus carry load current. The
secondary winding output. is connected to the
bridge rectifier unit which supplies the d-c, for
the generator field. The SCPT control winding is
Connected to the output of the voltage
regulator.

The voltage regulator consists of a detector
circuit, a pre-amp and trigger cirCuit, and a
power section. The detector circuit includes a
sensing circuit and a 3-phase bridge rectifier. The
sensing circuit consists of three voltage sensing
transformers with their primary windings
connected-. to the generator output and their
secondary windings connected to the bridge
rectifier. The bridge rectifier provides a d-c
output voltage that is proportional to the
average of the 3-phase voltage outputs from the
generator. This d-c voltage is filtered and fed to
a Zener reference bridge in the pre-amp and
trigger circuit.

The d-c output from the detector is
compared with a constant Zener voltage in the
reference bridge and the, difference (error)
voltage output from the bridge is amplified by
transistor amplifiers and fed to a unijunction
transistor circuit which provides the pulses to
trigger the silicon controlled rectifiers (SCRs) in
the power section. The SCR output from the

547
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Figure 5.41. Bus tie oonneotions on 400 hertz ship service system.
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CABINET

REGULATOR UNIT
CONTROL CABINET

MOTOR GENERATOR

Figure 6-42.Moiorieneretor set wjth oontrol equipment.

power section is fed to the control winding of
the SCPT in the static exciter.

During starting, generfitot field current is
supplied by a ,field flashing circuit which is cut

77.262

40.111

out after, the generator builds up an output
voltage. At no-load voltage the primary windings
of the SCPT are energized through the choke
coils and induce a voltage in the SCPT secondary
windings. The rectified output of the secondary
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Figure 5-43.Motor-genermor set, simplified block diagram.

windings supply the generator field. This is the
no-load field excitation.

When a load is applied to the generator, load
current flows through the SCPT primary current
windings causing a flux which combines
vectorially with the primary voltage windings
flux to induce a voltage in the secondary
windings. Thus any change in generator load or
load power factor is automatically compensated
for. This arrangement, without the use of the
voltage regulator, would hold the generator
output voltage fairly constant under all load
conditions. The voltage regulator is necessary,
however, for the high degfee of regulation
required. The voltage regulator acts as a fine
control by effectively varying the coupling
between the SCPT primary and secondary
windings.

Frequency Regulating System

The frequency regulating system consists of
a motor rotor control and resistor unit and a

40.113

frequency regulator. The detector circuit of the
frequency regulator receives its input from a
special type frequency sensing transformer
whose voltage output varies linearly on changes
in generator output frequency. This input is
rectified, filtered, compared in a Zener reference
bridge, and the bridge output amplified by
transistor amplifiers. The amplified detector
output (which represents the output frequency
of the generator) is fed to he pre-amp and
trigger section.

The detector output is further amplified in
the pre-amp and trigger section and this
amplified output is used to control three pulse
forming networks which provide trigger pulses
for SCRs located in the starter circuit.

The SCRs in the starter circuit (controlled
by the weak trigger pulses from the pre-amp and
trigger section` provide output pulses of
sufficient magnito.te to fire other SCRs located
in the motor rotor control unit. The output of
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the SCRs in the motor rotor control unit is fed
through three large (about 3000 _watt) resistors_.__
which are connected in the wound rotor circuit
of the drive motor.

Any change in the generator output
\ frequency from normal will cause the frequency
\regulating system to function to increase or

ecrease the rotor current, and hence the speed
f the drive motor, to compensate for the

c ange. Thus the output generator frequency is
m intained constant by maintaining the speed of
th directly connected drive motor.

STATIC CONVERTER

The static converter (fig. 5-44) converts
450-volt, 3-phase, 60-Hz power to 120-volt,
3-phase, 400-Hz power for use as a shipboard
closely regulated power supply. The converter
automatically maintains the output voltage and
frequency within plus or minus one-half of one
percent of rated value for all load conditions.
This high degree of regulation is maintained even
though the input voltage and frequency may
vary as much as plus or minus five percent of
rated value. The 450-volt, 60-Hz input is stepped

27.316
Figure 6414.Convectnr, fr :.nt view.
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down, rectified, and fed to two static inverters.
Each static inverter contains two main SCR
groups consisting of two SCRs in series. The
inverter outputs are fed to Scott-connected
transformers to produce the 3-phase output. A
'simplified block diagram of the converter is
shown in figure 5-45.

Transformer Rectifier

The transformer rectifier unit (fig. 5-45) is
an autotransformer and a 3-phase, full-wave,
bridge rectifier. The rectifier output is filtered
and fed through choke coils to the static
inverters. The choke coils limit the voltage
appearing across the inverter SRCs.

Oscillator Circuit

The oscillator circuit provides the pulses for
firing the SCRs in the main inverter. This circuit
consists of a unijunction transistor oscillator
which provides pulses at a repetition rate of 800
per second. These pulses switch a bistable

450 VAC
3%60 Hz

I NPUT TRANSFORMER
RECTIFIER

(flip-flop) transistor multivibrator circuit whose
output supplies the primary of a transformer.
The transformer output (which is a square wave)
is amplified by a transistor push-pull circuit and,
fed to the Primary of the oscillator output
transformer. This transformer has a separate
secondary winding for each main SCR in the
main inverter. The output of these secondary
windings fed through a differentiating circuit
(which converts the square waves to pulses), is
used to fire the SCRs. Each SCR being fired
from a separate secondary winding en Tres

simultaneous firing of the SCRs in series. so
the phasing of the secondaries allows fi g of
opposite SCRs at 180° 'intervals for proper
inverter action.

,,..
Phase Control Circuit

The phase control bircuit contains
components and circuits (similar to those in the
oscillator circuit) which function to control the
firing of the SCRsid the teaser (secondary)
inverter and maintain the proper phase

OSCILLATOR
CIRCUIT

V 0 LTAG E
" REGULATOR

CONTROL
POWER

SUPPLIES

FILTER

PHASE
CONTROL
CIRCUIT

MAI N
INVERTER

TEASER
INVERTER

-- SCOTT
T

TRANSE

_alVOLTAGE
REGULATOR

Figure 6-450Static consorter, simplified block diagram.
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relationship between the outputs of the two
inverters.

Voltage Regulators

The voltage regulator circuits regulate the
converter output voltage by controlling the
firing time of the sin SCRs in each inverter.
The output of a transformer connected across
the converter output is rectified to produce a d-c
signal that is proportional to the converter
output voltage. This signal is filtered and
compared in a Zener reference bridge to produce
an error signal output when the converter,
output voltage varies from normal. This error
signal is used to fire. the inverter control SCRs
which in turn control the firing time of the main
SCRs. \I(

s

control Power Supplies

The converter contains two control power
supplies (one for each inverter) which supply
regulated +30 volts d-c to the various converter
circuits. The input to the power 'supply
transformer is taken from the 450-volt a-c line.
The power transformer output is rectified by a
full wave bridge rectifier and regulated by a
Zener diode regulatbr to produce the +30 VL
output.

NO-BREAK POWER SUP Y
SYSTEM

A no-break power supply system is designed
to provide an uninterruptable electrical power
supply that is relatively constant in voltage and
frequency under all load conditions. The
no-break supply will automatically take over the
power supply to a load when the normal supply
is interrupted, off-frequency, or off-voltage. This
type of system is required by ships with
equipment, control, or computer systems which
need an uninterrupted electrical power supply
for effective operation. It is presently being used
with ships using the Central Operations Systems.

The system uses a motor-generator set,
batteries, and associated controls to provide its
regulated output. Either unit of the
motor - generator' set can perform as a motor with

the other as generator, thus permitting two ..-

odes of operation.

OTOR-GENERATOR MODE 1

In mode 1 operation of the motirgenetator
set (fig. 5-46A), the a-c end of the SiNt is being
driven from the ship service power supply; the
d-c end is a generator providing power to the
system batteries. This motor-generator condition
exists when the ship service power supply is
meeting the voltage and frequency requirements
of the critical load.

MOTOR-GENERATOR MODE 2

Mode 2 operation of the motor-generator set
(fig. 546B) represents the condition by which
the set recdves power from the batteries and the
a-c end of the set provides ..the power
requirements for the critical load. Mode 2 is
referred to as the Stop Gap Operation.

400 VAC
SERVICE 3 - PHASE

SUPPLY 60 HERTZ

CRITICAL
LOAD

400 VAC
,3- PHASt
60 HERTZ

BATTERIES

MOTOR- GENERATOR SET

A MODE I NORM OPERATION FROM THE NORMAL SUPPLY

SHIP 400 VAC
IERV.s.c. 3 - PHASEPOWER 60 HERT
SUPPLY

CRITICAL
LOAD

400 VAC
3- PHASE
60 HERTZ

BATTERIES

MOTOR -C! I.F:RATOR SET

B mom 2 STOP OAP OPERATION FROM ASSOCIATED BATTERIES

77.297
Figure 5.46. No break power supply, block diagram.
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OPERATION OF ELECTRIC PLANTS

The ship's electric power and lighting
systems are designed to provide a high degree of
flexibility to ensure continuity of service to vital
power and lighting loads under normal and
casualty conditions. The distribution systems in
most naval ships are arranged so that the electric
plants car be operated in parallel (cross plant) or
separately (split plant).

CROSS PLANT OPERATION

The setup for cross plant operation is to
CLOSE all the bus ties between the ship service
switchboards with the generators ruining
parallel so that any switchboard or several
switchboards can supply electric power to any
other switchboard. However, when the plant is
operating CROSS PLANT, a casualty to one
switchboard or load center may cause a s.hot:
circuit that could trip all the generators off the
line and result in temporary loss of all ship
service power.

SPLIT PLANT OPERATION

The setup for split plant operation is to
OPEN the bus ties between the ship service
switchboards so that each switchboard with its

feeder if a generator casualty occurs, after
isolating th - damaged equipment.

OPERATION OF A-C GENERATORS

The a-c generator may be operated
separately as a single unit or in combination
with other generator units in paralleling
operation. The advantages of having generator
sets paralleled together are that more current or
power is available in a system, an electric load
can be transferred without interruption of
power, and that there is greater efficiency under
a varying load condition. The basic requirements
for paralleling are that the generators must be in
phase with each other, have the same phase
rotation (ABC), and have the same voltage and
frequency.

Nonparallel Operation

The nonparallel operation of a single a-c
generator consists of connecting the generator to
a nonenergized bus for operation. The generator
aaavtasu w 1.1 &air v*. iMlUl Luig 101 any
machinery derangements that may be caused by
operating or repair personnel. Routine checks
and inspections are made during generator
oneration according to operating instructions.

generators and loads forms a system that is the Machinist's Mate and Electrician's Mate
independent of the others. When the plant is have operating instructions to follow when
operating SPLIT PLANT, a casualty to one operating generator equipment. Before sstarting
switchboard will result in loss of power for the and during idling (warmup time), there are many
loads fed from this switchboard but will -to-be made. The EM must be sure he has
affect the loads fed from the other positioned all switches in the correct position
switchboards. Hence, split plant operation before starting the generator. After starting, he
should be used under battle (general quarters) or must check his instruments and gages for proper
other conditions where maximum assurance operation. Before connecting the generator to
against loss of all ship service power is desired. the bus he must be sure the generator is running

at operating speed. He then manually adjusts the
If auxiliaries are provided with normal and

alternate power supplies, the feeder circuit
breakers are CLOSED for both the normal and
alternate supplies. Thus, if there is a casualty to
one generator plant, posher will be immediately
available at the -ianual transfer switch for this
vital equipment means of the alternate power
supply from the other generator plant. Battles
loads that are not provided with alten.ate
feeders can be supplied through the bus tie

5-53

voltage and frequency to the correct rating and
places the generator voltage regulator in
automatic operation and again checks the
voltage and frequency. When he is satisfied that
all operating conditions are normal, he closes the
generator circuit breal-Ir connecting the
generator to the bus and load. In some
installations, it may be necessary to open certain
power and lighting circuit breakers before
connecting the generator to the bus so that the
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generator will not pick up the entire load at one
time.

When watchstanding on the a-c generator
during operation, the EM is required to note the
voltage and frequency readings and adjust, when
necessary, check warning lights, and be aware of
lube oil alarms,i odors, and other abnormalities.
Ile may be required to control the voltage
manually during emergency operations.

To secure an a-c generator which is
connected alone to a bus, reduce the load on the

ator as much as practicable by opening
ci:cutt breakers on the power and lighting

: ts. Trip the generator circuit breaker, turn
tie voltage regulator control switch to the
manual position, and place the manual voltage
control as far as it will go in the DECREASE
VOLTAGE direction.

Parallel Operation

Parallel operation of a-c generators consists
of connecting a generator to a bus that is already
energized t one or more generators. Again, it is
very important to follow the operating
instructions.

Synchronizing monitors are nova being used
on 60-hertz ship service systems to prevent the
paralleling of generators which are not
synchronized. On systems using this type of
nioniltoring, it is not possible to closeithe circuit
breaker on the incoming generator unless the
phase angle, frequency, and voltage are within
predetermined limits as follows:

1. Phase angle between -30° and +40°.
;2. Frequency difference less than 0.2 hertz.
3. Voltage difference less than 5%.

On this type of system, the above conditions
must be met to complete the circuit breaker
closing control circuit.

To synchronize generators for parallel
operation, bring the incoming generator up to
normal speed and voltage. Adjust the incoming
generator frequency and voltage to that of the
bus. Use the synchroscope to make the fine
adjustment. In operation the synchroscope will
rotate in one direction or the other. Adjust the
speed of the generator by means of the governor
motor control switch until the synchroscope

rotates very slowly in the clockwise direction.
Be certain that the \voltages of the bus and the
incoming generator gre still equal, and close the
generator circuit tireaker just before the
synchroscope Pointer passes very slowly through
the zero position (pointing vertically upward).

When synehronizin lamps .,re used instead
of the synchipscope. c ose the circuit breaker
just before the midpoin of the dark period of
the lamps is reached. Th midpoint of the dark
period corresponds to th4, vertical position of
the synchrorope point r. Then turn the
synchronizing switch to the FF position.

When a-c generators are Aerated in parallel,
the kilowatt and reactive a load should be
divided between them in proportion to the
generator ratings. The desired division of the
kilowatt load is obtained by adjusting the
governor, which controls the generator speed.
To balance the reactive kva load, the generator
line currents should be equal fPr equally rated
generators and divided in proportion to
generator ratings for unequally rated generators.
Where power factor meters are, provided, the
power factors for all generators in parallel
should be equal. Equality of power factor or
correct division of generator line currents is
obtained by adjusting the voltage-adjusting
rheostats of the voltage regulators.

Techniques of Operation

During watchstanding there are few simple
operating rules which should be observed on all
installations.

Watch the switchboard instrunients. They
show how the system is operating, reveal
overloads, improper division of kilo watt load or
of reactive current between generatori operating
in parallel and other abnorma' operating
conditions.

Keep the frequency (on a-c systems) and
voltage at their correct values. Depa4ture from
either affects, to some extent at Ileast, the
operation of all equipment supplied with electric'
power. Low or high voltage has a particularly
pronounced effect on lights since lw voltage
results in a marked decrease in illutnination,
while high voltages materially shorten lamp life.
The operation of vital electronic, interior
communications, and fire control equipment is

5-54 I S



Chapter 5A-C POWER DISTRIBUTION SYSTEMS

also seriously affected. This sensitive equipment
requires careful adjustment of voltage regulators
and prime mover governors to obtain
satisfactory performance.

Use judgment when reclosing
breakers after they have tripped automatically.
If a circuit breaker trips immediately upon the
first reclosure, it is desirable to investigate
before again reclosing. The circuit breaker may,
however, be closed a second time without
investigation if the immediate restoration of
power to the circuit is important and the
interrupting disturbance when the breaker
tripped was not excessive. It should, however, be
kept in mind that repeated closing and tripping
may result in damage to the circuit breaker and,
hence, may increase the repair or replacement
work needed to get the circuit back in operation
again.

Use the hold-in device on circuit breakers
with judgment and only when necessary. The
hold-in device enables an operator to hold a
circuit breaker closed when the current is in
excess of the tripping value. The circuit breaker
will open automatically as soon as the hold-in
device is released if the current is above the
tripping current., In an emergency it may be
vitally. important _ obtain power even at the
risk of 'burning out equipment. The hold-in
device makes it possible to do this. However,
when holding a circuit breaker closed, it must be
kept in mind that the circuit is deprived of
protection againit damage by excessive current
and the longer the circuit breaker is held closed,
the seater is the chance of permanent damage
to circuits or equipment.

A circuit breaker should never be held cloSed
unless there is an emergency which justifies the
risk.

Nevef parallel ship service generators until
they have been synchronized.

Never close the bus tie circuit bteakers to
parallel the buses on two energized switchboards
until the buses have been synchronized.

Never close the bus tie circuit breaker to
restore power to a switchboard which.. has.lost.
power because of failure of a local generator
that was supplying power to the switchboard
prior to the generator failure, unless the
generator circuit breaker has first been tripped
by hand, or unless it has been definitely

established that the generator circuit breaker is
in the open position.

Never parallel ship service generators with
shore power except for the short interval

_requirecLto_transfer_the-load- from one source of
power to the other. Never parallel ship service
generators with shore power of a different
frequency, such as 50 Hz. Never parallel with
shore power without the use of synchroscope or
synchronizing lights. On ships where a
synchroscope is not provided for synchronizing
between shore power and the bus, the generator
breakers shall be opened first and then the shore
power breaker shall be closed. On some ships,
shore power may be connected to the bus tie
with the bus tie breakers open and
synchronizing can be accomplished across the
bus tie breakers. When placing the shore power
and the ship service generators in parallel, the
normal synchronizing process is reversed. The
incoming shore power is the controlling source
and the voltage and frequency, of the ship service
generators must be made to match the shore
power voltage and frequency. There are several
precautions to be taken when paralleling with
shore power in addition to the usual ones when
parallfoing two ship 'service generatori. The
shore power connection phase rotation mustibe
the same as the ship phase rotation. This is easily
determined with a phase-sequence indicator. If
there is "to; be more, than one shore power
connection and they are to be paralleled, the
actual phases of the shore power should not
only be in the same rotation but must be
Connected to match the ship's phases in order-to
avoid a short -circuit through the ship's systeni.
When paralleling with shore power for purposes
of transferring the load, bring the ship's voltage

,up to the shore power voltage or as close thereto
as possible. In some cases, the shore power
voltage may be around 480 volts.

Increase the ship's generator to 480 volts.
Now bring the ship's frequency to that of the
shore - power. Turn on the synchroscope,
synchronize the ship's power with the shore
power, and close the shore power breaker.
Quickly transfer load to the shore power. Trip
thejhip service generator breakers.

Always check phase sequence before making
connection to a Alkore power supply and be sure
to make connections so that the phase sequence
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on the shore power will be A, B, C. If the shore
power connection is made so that it gives the
wrong phase sequence on the ship, motors will
run in the wrong direction.

Never parallel an emergency generator with
any other-generator except on certain ships
where the emergency generator also serves as a
"standby set" and, as such, provisions have been
made for paralleling with the ship service power
system.

Always observe electrical safety precautions.
Never adjust a ventilation Opening for persoual
comfort of watchstanders to a position where
spray or solid water entering the system through
weather openings can be discharged onto
switchboards, distribution panels, bus bars, or
other electrical equipment.

Always operate switchboards and
distribution system equipment, as if no
automatic protective devices were Installed.
Trouble will sooner or later be the -inevitable
consequence of careless and slipshod operating
practices based upon the assumition that
automatic protective devices either will prevent

,incorrect operation or will prevent damage from
inC.CorNa. +1--;
are not designed or intended to do so. The
protective devices used with the distribution
system are intended to afford protection against
damage as a consequence of equipment failure,
not of operator failure. The. intelligence which is
needed for the operation of the distribution
system is not built into the system but must be
furnished by the operator. You Must, therefore,
read and follow the instructions on warning
plates and indicator lights, must know the
system and operate it correctly, and must never
depend upon automatic devices to keep you
from making a mistake or to save you from the
consequences of a mistake.

To secure an a-c generator that is operating
in parallel with another generator or other
generators: (1) turn the ,;overnor motor control
switch of tlat generator being secured in the
DECREASE SPEED dir -ction and the governor
Motor control switch cc switches) of the other
generator (or genera ors) in the INCREASE
SPEED direction until all the load is shifted
from the generator being secured, (2) trip the
circuit breaker of the generator being secured,
and (3). return the automatic voltage regulator

control to the manual position, and the manual
voltage control rheostat to the decrease voltage
position.

OPERATING RECORDS

An operating record that will concern you is
the Electrical Log-Ship's Service Electric Plant,
NAVSHIPS 3649 (fig. 5-47). It is a complete
daily record (from midnight to midnight) of the
operating conditions of the ship service electric
plant. The log sheet Inuit be kept clean and
neat. Any corrections or changes to entries for a
watch must be made by the person who signs
the log for that watch. Howevet, corrections or
additions must not be made after the log sheet
has been signed by the engineer officer without
his permission or diredtion. The station logs are
turned in to the log room every morning for the
engineer officer's signature and for.filing.

The back of the log (not' shown) is a
continuation of the front, and also provides
spaces for the engineer officer's and senior
Electrician's Mate's signatures.

Other operating records are covered in
chapter- 11, Electrical Propulsion and Controls.

PARALLEL OPERATIONAL DIFFI-
CULTIES WITH A-C GENERATORS

Trouble with parallel operation of a-c
generators of similar characteristics is not k
common occurrence. When trouble is
experienced, it is usually associated. with
unsatisfactory division of kilowatt (kw) load
between the generators operating in parallel, or
with unsatisfactory,, division of reactive,
kilovolt-a-mpei? (kva, load. .

Division of Kilowatt Load

The division of kw load between two or
more a-c generators operating in parallel is
determined by the settings and characteristics of
the prime mover governors and is not affected
by the" generator field/ currents, hence, is not
affected by the operation of the voltage

1 8 2
regulators.
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Figure 5-47.Electrical Log-Ships Service Electrical Plant, NAVSHIPS 3649.

The tumliment of the kw load division is
dependent- upon the behavior of the prime
movers and their governors. When the load
division is unsatisfactory, check the governors of
the prime movers and make sure that hunting
and speed pulsations are reduced to a minimum,
that the percentage speed °droop from no-load to
'full-load is the same for all generating units, and
that their speed loads coincide as nearly as
possible over the range from no-load to full-load.

Division of KVA Los

If the total kw load is divided between the
machines in proportion to their ratings, then-the
total reactive load will be properly divided if the
total current is divided in the same proportion.
When this cannot be obtained during normal
paralleling operation, the difficulty is in the
ditrision of reactive load between generators
operating in Parallel. When this condition t
apparent, check the voltage regulators.

CASUALTY POWER DISTRIBUTION
SYSTEM

Damage to ship service and emergency
distribution systems in wartime led to the
development of the casualty power system. The
system provides for making temporary
connections to vital circuits and equipment. The
system is limited to the facilities necessary' to
keep the ship. afloat and permit it to get outxof
the danger area, The system also supplies a
limited amount Qf armament, such as
antiaircraft guns and their directors to protect
the`ship when in a damaged condition.

Optimum continuity of service is ensured .
ships provided with ship service, emergency,
and casualty power distribution systems. If one
generating plant should- fail, a remote
switchboard can be connected by the bus tie to
supply power from the generator generators
that have not failed.

If a circuit or switchboard fails, the vital
loads can be transferred to an alternate feeder
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and source of ship service power by means of a
transfer switch near the,load.

If both the normal and alterate sources of
the ship power fail because of a generator,
switchboard, or feeder casualty, the vital
auxilitriercan-be -shifted-to-arr emergency- feeder
that receives power from the emergency
switchboard,

If the ship service and emergency circuits
fail, temporary circuits can be rigged with the
casualty power distribution system and used to
supply power to vital auxiliaries if any of the
ship service or emergency generators can be
operated.

The casualty power system includes suitable
lengths of portable cable stowed on racks
throughout the ship. Permanently installed
casualty power bulkhead terminals form an
important part of the casualty power system.
They are used for connecting the portable cables
on opposite sides of bulkheads, so that power
may be transmitted through compartmehts
without loss of watertight integrity; also
included are permanently installed riser
terminals between decks. The vital equipment
selected to ,receive casualty power will have a
terminal box mounted on or near the equipment
or panel concerned and connected in parallel
with the normal feeder for the equipmeAt.

Sources of supply for the casualty power
system are provided at each ship service and
emergency generator switchboard. A casualty
power riser terminal is installed on the back of
the switchboard or switchgear group and
connected to the busses through a 225- or
25G-ainpere AQB circuit breaker. This circuit
breaker is connected between the generator
circuit breaker and the generator . disconnect-
links so that by pulling the disconnect links the
generator may be isolated from the switchboard
and used exclusively for casualty power
purposes, if desired.

RIGGING CASUALTY POWER

In order to eliminate the necessity of
handling live cables and to reduce the hazards to
personnel and equipment, there are definite
procedures that must be followed and safety
precautions that must be observed in rigging
casualty power. Only qualified Electrician's

Mates should do the actual connecting; however,
the portable cables may be laid out by other
repair party personnel. The repair party
electrician must wear rubber gloves and rubber
boots, and stand on a rubber mat (if available),
--while_miking_conne_o_tions. He must further test
each casualty power riser or bulkhead terminal
with a voltage tester before making a connection
to that terminal. It is the duty of the repair
party Electrician's Mate to determine that all
sources of power to the equipment concerned
are lost before rigging casualty power. The
portable cable connections for casualty power
should always be made by first coirect'rklat the
load, then working back to the 1 power.

On large- ships, casualty poyfer will
involve more than one repair party: A1.- repair
parties should rig simultaneously, but tip: ,a of
"rig from load .to source" should alw. is he
observed. Each repair party must re7 ort .

section rigged from riser or bulkhead termilial
number to riser or bulkhead terminal nurr er
damage control central, which reser% e$ the .

authority to order the system energized. ant
making casualty power connections at a load
where there are no circuit breakers or transfer
switches to interrupt the incoming feeder cable,
;i 111UJ. VO tliicc,aacctzei Vl Vub a the =it:pm:mt.
It is quite possible eiat this cable may be
damaged by the casualty which caused the loss
of power, and such p. damaged cable if energized
would probably trip the casualty power &edit
breakers. If not disconnected, this incoming
feeder- cable may be reeaer14.ize;1, presenting a
hazard tb personnel handling thcasilalty power
cables. Care ..Add be ..:xercised, in making all
connectioi ;.o keep the phase.sequence.correct
in a-c sy .rns. The riser terminals, bulkhead
terminals. -.1,-; portable .;..ble ends are marked to
identify the A, B, and C phases either visually by
color code .)r.in darkness by touching wrapped
around twine or "0" rings.

Ordinarily portable casualty power cables
should be tied to the a..erhead. High voltage
signs should be attached at each eponnection and
the word passed over the shini MC system,'
informing all hands to stand clear of the casualty
power cables while they are energized.

As previously stated, power panels supplying
equipment designated for casualty power service
will have a power terminal box mounted on the
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panel so that power may be fed into the panel.
It is well to remember that these panels also can
be used as a source of power for the casualty
power system should power still be available
from the permanent feeder or feeders to the
panel. Some judgment should be exercised__

--however, in, the choice of panels to be used for
supplying casualty power loads.. Heavy loads
should be connected to power panels. having
large incoming feeders for greater assurance that
circuit breakers will not trip and that the cable
will not be overheated. For casualty power
purposes, a current loading which will allow the
cable to be grasped by the hand without burning
is not considered excessive. Portable cable used
in a-c casualty power systems is Navy THOF 42,
and while the normal current carrying capacity
of this cable is 93 amperes, its casualty rating is
200 amperes. 'Under normal conditions this
cable will carry 200 amperes for 4 hours without
damage to the cable. Cables may be run in
parallel to circuits which overload a single cable.

Recommended SAFE procedures to be used
in rigging casualty.power include:

Upon report of loss of power, damage
control central orders the repair party nearest
the equipment concerned to investigate.

The repair party Electrician's Mate in the
investigating team tests immediately to
determine if all sources of power to the
equipment are lost.

Upon determining that all power is lost,
the El .ctrician's Mate opens all supply switches
to the Lquipment and reports all power lost to
damage control central.

Upon receiving report of all power lost,
damage control cenirdi requests main engine
control to designate. a source of casualty power
for the equipment concerned. The request for a
casualty power source may be made to the
electrical officer on ships having ,a combined
main engine control and damage control central
or where the electrical officer is stationed in
damage control central to control generators and
power distribution.

Main engine control or .the electrical
officer as appropriate, informs damage control
central of the casualty power 'source to be
utilized (giving riser terminal number) and at the
same time informs the Electrician's Mate on the

'appropriate switchboard that his boarglhas_been_
designated as a source of casualty power to the
riser terminal by number.

Upon receiving this information, damage
control central orders the repair parties
concerned to rig casualty power from the

.equipment to the designated source.

Repair parties rig cualty power and
report each section as completed, to damage
control central.

, When all sections have reported rigghg
completed, damage control central then requests
the main engine control electrical officer to
"energize casualty power."

Upon receiving the request to energize
main engine control or the electrical officer
directs the designated switchboard to "connect
and energize casualty power," and to repert

Tapllance.

The Electrician's Mate on the designated
switchboard rigs the first cable from the source
of the system, closes the casualty power circuit
breaker, and reports "casualty power
energized," to main engine. control cr the
electrical 'officer. Main engine control
reports compliance to damage control centrak.

UNRIGGING CASUALTY POWER

Unrigging casualty power can be hazardous
if not handled correctly. To unrig casualty
power lines proceed as follows:

Damage control central requests main
engine control to deenergize the casualty power
system.

Main engine control 'directs the
designated switchboard to "deenergize and
disconnect casualty power," and to report
compliance. .
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The Electrician's Mate a the
switchboard opens the casualty power circuit
breater, unrigs both ends of the first portable
cable, and. reports "casualty power
deenergized," to main engin:, control. Main
engine control reports compliance to damage
control central.

Upon receiving the deenergized report,
damage control central then orders casualty
power disconnected at the equipment.

The .repair party Electrician's Mate then
disconnects both ends of the last portable cable
in the system at the load and reports, when
completed. to damage control central.

Damage control central now requests
main' engine control to energize normal circuits
to the equipment and orders repair parties
concerned to unrig and restow the remainder of
the portable cables.

Main engi e control directs the
designated switchboard to energize all normal
circuits to the equipmefit and to report
compliance. Main engine control reports

nlionno to am QOP enn tn.)] eftntral The
exercise is considered completed when damage
control central receives the report that the
equipment is operating on normal power, and
that all poriablz cables are restowed on their
proper racks.

Speed is desirable in all casualty power
operations; however, safety precautions must
never be sacrificed to attain speed. A thorough
knowledge of the casualty power system and
frequent drills by all personnel involved are
necessary for safe and expeditious results.

INSPECTION AND MAINTENANCE

Casualty power systems require proper
inspection and maintenance to ensure safe and
dependable oreration.

The insulation of casualty power cables`
should receive close inspection trl east once a
year. These cables are exposed to shipboard
ambient temperatures and perhaps oil, oil fumes,
and accidental damage. After an exposure period

of 5 , years or more, the conductor insulation
may have aged and lost elasticity p the extent
that it will crack open when bent during
handling incident to emergency use. The best
method of detecting overage insulation of the
exposed ends of individual conductors is to
sharply bend each conductor by hand. If- no
visual- cracks develop the insulation is
satisfactory. If cracking is noted, the cable ends
should be cut back and new terminations
.prepared in accordance with chapter 4 of this
manual.

'The casualty power cables should be
checked after any repairs to ensure they are still
of sufficienrlength to make proper connections
to designated risers and equipments.

During the annual inspection of the portable
casualty' power cables, all risers and terminals
should be checked and cleaned of all foreign
matter.

DAMAGE CONTROL CHARTS

NuMerous damage control charts and
diagrams that a., very helpful to damage control
personnel are prepared for all ships. Among
these charts and diagrams there should be a
casualty power supply and emergency
communication system chart for your ship. This
chart will show the ship's casualty power and
emergency communication systems in detail.
Another chart that should be available to all
personnel concerned with electrical damage
control is one for vital damage control electrical
equipment and power supply. This chart
supersedes the electric wiring table that was
included in damage control diagrams and charts
at the end of World War II. Figure 5-48 shows a
portion of a vital damage control electrical
equipment chart for a representative ship. These
charts and diagrams are usually prepared by the
building activity when a ship is built, however,
extra copies are available upon request to Naval
Sea Systems Command.

PREVENTATIVE MAINTENANCE

The purpose of preventative maintenance is
to ensure that the equipment is ready for service
at all time's. Three fundamental rules for the
maintenance of electrical equipment are: (1) keep
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Figure 5-48.Sectio.! of vital damage control electrical equipment and power supply chart.

equipment clean and dry, (2) keep electrical
connections and mechanical fastenings tight, and
(3) inspect and test at sufficiently short intervals
to ensure that the equipment is in operating
condition.

GENERATORS

Generator maintenance is directed primarily
to keeping the electrical insulation in good
condition. It must be clean, dry, and of high
resistlixe.

The insulation resistance of each ship
service, emergency and exciter genera c- should
be measured in accordance with ship'S PMS
schedule. When measuring a-c revolving fields,
make the ground connection to a metallic part
of the rotor to eliminate the insulating effect of

27.121

the bearings. Normally the insulation resistance
is measured immediately after a generator is shut
down. Periodic measurements on idle generators
will detect any moisture absorption the
windings.

Portable electric lights (with guard) nry be
placed inside idle generators not provided with
%pace heaters to keep the insulation dry. Only
enough heat to keep the temperature inside the
generator, ribout 5° to 10° aboye ambient
temperature is required.

SWITCHBOARDS

Numerous derangements of electrical
equipment have been caused by loose electrical
connections or mechanical fastenings. Loose
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connections can be readily tightened, but a
thorough inspection is necessary to detect them.

Inspection

the instructions furnished with the switchboard
in. order to check the operation of the automatic
bus transfer equipment and the automatic
starting of the emergency generator. This test
should be made in connection with the weekly

At least once a year_anii_during--eac,h---operatingtest-of-emergency generators,
.overhaul, each switchboard, propulsion control
cubicle, distribution panel, and motor controller
should be deenergized for a complete inspection
and cleaning of all bus work equipment. The
inspection of deenergized equipment should not
be limited to visual examination but should
include grasping and shaking electrical
connections and mechanical parts to be certain
that all connections are tight and that
mechanical parts are free to function. Be certain
that no loose tools or other extraneous articles
are left in, ur around switchboards and
distribution panels.

Check the supports of bus work and be
certain that the supports will prevent contact
between bus bars of opposite polarity or contact
between .bus bars and grounded parts during
periods of shock. Clean the bus work and the
surfaces of insulating materials, and be certain
that creepage distances (acrr,ss which leakage
currents can flow) are ample. Check the
condition of control wiring and repitice if
necessary.

Be. certain that the ventilation of ,rheostats
and resistors is not obstructed. Replace broken
or burned out resistors. Temporary repairs can
be made by bridging burned out sections when
replacements are not available.

Check all electrical connections for tightness
and wiring for frayed or broken leads. Check all
meters for up-ro-date calibration tags. Meters
may be Calibrated at a calibration laboratory or
a tender during a regular availability.

Be certain that fuses are the right size; that
clips make firm contact with the fuses; that
lock-in devices (if provided) are properly fitted;
and that all connections in. the wiring to the
fuses are tight.

In addition to the foregoing inspections,
switchboards and distribution panels should be
deenergized after firing of the guns, if
practicable, and thoroughly inspected for
tightness of electrical connection and
mechanical fastenings. Einergency switchboards
should be tested regularly in accordance with

Control-circuits should be checked to ensure
circuit continuity and proper relay and
contactor operation. Because of the numerous
types of control circuits installed in naval ships,
it is impracticable to set up any definite
operating test procedures in this training
manual. In general, certain control circuits, such
as those for the starting of m. tors or
motor-generator sets, or voltmeter switching
circuits, are best tested by using the circuits as
they are intended to operate under service
conditions.

Protective circuits, such as overcurrent,
reverse power, or reverse current circuits, usually
cannot be tested by actual operation because of
the danger involved to the equipthent. These
circuits should be visually checked, and, when
possible, relays should be operated manually to
be certain that the rest of the protective circuit
performs its intended functions. Exercise
extreme care not to disrupt vital power service
or to damage electrical equipment.

Cleaning

Bus bars and insulating materials can usually
be cleaned sufficiently by wiping with a dry
cloth. A vacuum cleaner, if available, can also be
used to advantage. Be certain that the
switchboard or distribution panel is completely
dead and will remain so until the work is
completed; avoid cleaning live parts because of
the danger to personnel and equipment.

In cleaning the contact buttons of rheostats,
use a fine grade of sandpaper.

The insulated front panels of switchboards
can be cleaned without deenergizing the
switchboard. These panels can usually be
cleaned by wiping with a dry loth. However, a
damp, soapy cloth can be used to remove grease
and fingerprints. Then wipe the surface with a
cloth dampened in clear water to remove all
soap and dry with a clean, dry cloth. Cleaning
cloths mustbe wrung out thoroughly so that no
water runs down the panel. Clean a small section
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at a time and then wipe dry. NEVER RUB A
METER FACE WITH A DRY CLOTH. Rubbing
can cause static electricity' to build up on glass
faces and affect meter readings. Breathing on a
meter face can help dispel a charge of static

_electricity.

Bus Transfer Equipment

Bus transfer equipment' should be.tested in
accordance with ship's PMS schedule. For
manual bus transfer equipment, manually
transfer a load from one power source to
another and check the mechanical operation and
mechanical interlocks. For automatic bus
transfer equipment, check the operation by
means of the "test" switches. test should
include operation initiated by cutting off power
(opening a feedercircuit breaker) to ascertain if
an automatic transfer occurs.

CORRECTIVE MAINTENANCE

When it is necessary to perform electrical
repair on energized switchboards be sure to first
obtain the approval of.the commanding officer.
Men should be stationed at switches or circuit
breakers and telephone so the switchboard can
be deeneraized immediately and heln cane"! in
case of emergency. The person doing the work.
should wear rubber gloves and should not wear
loose clothing or metal articles.

To achieve maximum system reliability and
continuity, of electrical power under combat
conditions on naval ships, ungrounded 450- and
120-volt a-c distribution systems are proyided. If
one line of the distribution system is grounded,
such as might be caused by battle damage or
deterioration of systeth insulation resistance, the
circuit protective devices (circuit breakers, fuses,
etc.) will not deenergize the grounded circuit,
and electrical power will continue to be
delivered to vital load equipment without
further damage to the system. Frequent and
proper use of the ground detectors provided on
the ship service switchboards and certain power
panels will allow maintenance personnel to
locate the ground, and make repairs to remove
the ground from the system as operating
conditiors permit. The primary advantage of an
ungrounded system is that power can be

maintained to a piece of vital load equipment
(such as fire control equipment) during a battle
condition, even when a ground occurs on one
line of the electrical ciruit supplying power to
the equipment. If the s}/stem were designed as a
grounded system, the above mentioned ground
on one power line would result in immediate
tripping of the circuit protective devices,
possibly deenergizing a piece of vital equipment
when it is most needed. When troubleshooting,
remember the electrical hazards that are
inherent in ungrounded systems due to leakage
currents.

Current Transformers

The secondary of a ctirrent transformer
should NEVER be open while the primary is
carrying current. Failure to observe this
precaution could result in damage to the
transformer, and the generation o a secondary
voltage which may be of sufficient m gnitude to
injure personnel or damage insulation.
Furthermore, a current transformer energized
with an open-circuited secondary will overheat
due to magnetic saturation of the core, and even
though the overheating has been insufficient to
produce permanent damage, the transformer
sh mil ii him. r a rPfiilly rharnocrnet;7vi and
recalibrated to ensure accurate measurements:
The secondary should, therefore, always, be

rtsho-circuited when not connected to a current
coil.

Potential Transformers

The secondary of a potential transformer
should NEVER be short-circuited. The
secondary should be Closed only through a high
resistance such as a voltmeter or a potential coil
circuit or should be open when the primary is
energized. A. short - circuited secondary allows
excessive currerit to flow which may damage the
transformer.

Distribution Circuity

The main: power supply has the total
electrical load divided into several feeder circuits
and each feeder circuit is further divided into
several branch circuits. Each final branch circuit

,r
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is fused to safely carry only its own load while
each feederis safely fused to carry only the total
current of its several branches. This reduces the
possibility of one circuit failure interrupting the
power for the entire ship.

The distribution wiring diagram showing the
connections that might be used in a ship's
lighting system is illustrated in, figure 5-49. A
ship's installation might have several feeder
distribution boxes, each supplying six or more
branch circuits through branch distribution
boxes.

Fuses F I, F2, and F3 protect the main
feeder supply from heavy surges such as short
circuits or overloads on the feeder cable. Fuses
A-Al and B-B I protect branch No. 1. If trouble
de ; ..,ps and work is to be done, on branch No.
1, switch Si may be opened to isolate this
branch. Branches 2 and 3 are protected and
isolated in the same manner by their respective

FEEDER SUPPLY

I .>:j

c).

IIL
z

fuses and switches. Usually, receptacles for
portable equipment and fans are on branch
circuits separate from lighting branch circuits.

LO' ATING A DEFECTIVE
CIRCUIT.Suppose that, for some reason,
several of the lights are not working in a,certain
compartment. Because several lights are out, it
will be reasonable to assume that the voltage
supply has been interrupted on one of the
branch circuits.

To verify this assumption, you must first
locate the distribution box feeding the circuit
that. is inoperative: Then _make sure that the
inoperative circuit/is not being supplied with
voltage. Unless the circuits are identified in the
distribution box, you will first need to measure
the voltage at the various circuit terminations.
For the following procedures, use the circuits
shown in figure 5-49 as an example circuit.
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Assume that you are testing at terminals A-8
and that normal voltage is present. Move the test
lead from It to Al. Normal voltage between Al
and B indicates that fuse A-A 1 is in good
condition. To test fuse 13-81, place the Jester
leads on A and B, and then move the lead from

---B---to-13-17-No voltage-between , these-terminals--
indicates that fuse 13-B1 is open. Full:phase
voltage between A and B1 indicates that the fuse
is good. .

This method of locating blown fuses is
preferred to the method in which the voltage
tester leads are connected across -the suspected
fuse terminals 1*sause the laN may give a false
indication if theie is an ope circuit at s?me
point in the branch circuit. .-

Always use a fuse puller when removingvj and d be sure to replace with fuses of the
proper rating and capacity.

VOLT AGt T.ESTING.-The most
commonly used voltage tester now available to
the fleet is the multifrequency . tester which
utilizes electronic circuitry am( glow lamps to
indicate voltage, frequency, and polarity. This
tester may be used on 60- or 400-hertz or d.c.
systems. Testers should be checked on a known
source just prior to sting the circuit in

could be damaged in tran St). After checking the
question (not back at e shop. The testers

circuit in question the testers should be
, rechecked on a known Ivoltage source. (If the

tester failed during the, pretest or during the
check of the circuit in question it would indicate
deenergized when in fact the circuit may be
energized.) Never use a lamp in a "pi ail" lamp
holder as a voltage tester. Lamps dbsigned for
use on low voltage (120; v) may explode when
connected across a _higher voltage (440 v). In
addition, a lamp would only. ;indicate the
presence of voltage, not the amount of voltage.
Learn to use and rely on standard test
equipment.

T/IESTIG FOR IGROUNDS.-Whew
. , .

prepfring to test a circk5 for grounds,' first
determine what typo of -circuit it is: lighting,
portable equipment, receptacles, or other. Also
determine whether there is any low voltage
equipment in the circuit That could :-be Jamaged
by the 500-volt output rf. ihe megohmmeter.
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Transistors, diodes, capacitors, and some .
rectifiers can be daMaged 1:,his high voltage,
and therefore must be lEffioved or short-
circuited prior to testing for grounds.

To test for grounds with a megget, find or
prepare a spot on the bare metal of the ship's
hull--to--avoid the insulating effect of pa1nt-or-
enamel, This spot should be on a bulkhead or
overhead to ensure a good ground. To protect
yourself while making tests, leave BOTH fuses
out of the holder. Then, close switch S1 in order
to make the ends of the circuit accessible inside
the cabinet. In addition, if you close the urifused
switch, its contacts and internal connection's are
included in the tests.

Connect one test lead of the megger tofthe
bare spot prepared on the metal and the second
test lead to terminal X (fig. 5-49).

A resistance of 1 megohm or more is
tolerable and it indicates that the lead from
terminal X to the end of the circuit is free from
giourids. The neici part of the test is to move the
test lead from ternInal X to. terminal Y. The
second test lead should remain connected to
ground. If the resistance from Y to ground is 1
megohm or morethe lead from Y to theend of
the circuit may be considered free from gfounds.

If both leads are found to be fret from
grounds, check for overloading. This might
happen if a machine tool had hee.n cnnhected to
a -cisuit that was already near maxinium
loading. The additional load will cause the fuse
to blow. Therefore, move that tool to an
underloaded circuit.

OTHER TROUBLESHOOTING
TECHNIQUES.-Make it a part of your
circuit-testing', steps to check if any additional
loads were 'connected when the fuse opened.Af
you find ea overload, remove it. If no overload
is present, go baCk to the branch distribution
box, open $1,,and replace A-Al and 13-81 fuses.
Then, close Sl. If the fuke does not blow, you
can assume that the &Ft fuse failure was due to
aging or some other transient effect.

However, i he replacement ft( lows, the
overload may be tie to a short curt etween
conductors,. w ch would not sho up/ in a
megger grounds:A megge n. able
for cheekingt- low resistance, it Will, be
necessary to use an ohmmeter (lowegt )inge

/ .
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scale) in making further tests. Because an
ohmmeter can be damaged by connecting it in a
circuit that is carrying current, open Si and
remove fuses A-Al and B-B1 before starting the
tests.. Then close Si so thIt it will be included in

e tests.
The ohmmeter test leads should be

nnected to erminalr Al and Bl. Zero
stance betwe n these terminals indicates a
c' short circuit cross the line. HOwever, you

should be careful interpreting the results of
this test. For exam e, consider a case where 10
'Amps are connected in parallel.

The number of lamps and the individual
wattage of the lamps will determine the circuit
resistance measured between Al and Bl. The
resistance checked in this manner is the "cold"
resistance of theflamp filaments. This resistance
is 'hot the saineiralue that you would obtain in
an Ohm's law alculation, using rated voltage
and power because for this condition the
filament is hpj, and for tungsten, resistance
increases as the temperature increases.

For example, the cold resistance of a
40watt, 120-volt lamp may vary between 40
and 50 ohms; whereas, the hot resistance is of.
the order of 360 ohms. Ten of these lamps
connected in parallel will - hive a "cold"
resistance between 4 and 5 ohms. These low

measure unless vou use
considerable care in setting up '.the ohmmeter
and in reading the indicated value. Unless. these
precautions are taken, you nay easily mistake
the normal "cold" resistance of a parallc!
connected group of lamps for a short circuit.

Assume that your resistance tests have
shown a short circuit. How do you locate the
trouble?

Although branch No. 1 (fig. 5-49) shows
three lamps, an actual circuit may contain more
or less than this number. Choose a lamp that
appears to be i:..ar the center of the affected
group and open the housing to expose the leads.

The wire leads are attached to the fixture
with screw-type fasteners. The cricket" shell
screws are inserted in metal bars, which serve t6
connect the lamp socket terminals to the line.
Two other screws anchored in the socket
insulation serve as feed- through terminals for
line wires entering and leaving the outlet box.
Th efore, it will be easy to "pick up" the leads
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for testing. Disconnect each pair of leads from
the fixture terminals.

As a safety precaution, when you open a
box or outlet, always check for voltage at that
location; never assume that the circuit is dead.

It is possible -to- determine- the direction of
the fault from the opened ,outlet box. To do'
this, connect the ohmmeter to the pair of leads
that go lack to the distribution' box. If the
meter indicates 'a short circuit, the fault is in
that direction. If an open circuit is indicated, the
ohmmeter leads should be removed and
connected to the pair of wires running toward
the end of the circuit. Remember to take lamp
resistance into account or remove ithe lamps
from the sockets.\

If no short circuits show up when you make
this test, the short is in the fixture that has been
disconnected. The trouble will naturally
disappear when the defective fixture is

disconnected.
Assuming that your tests at the opened box

have shown a fault toward the end of the line,
open another outlet box at a point
approximately halfway between the first opened
outlet box and the end of the line. The leads in
the second opened outlet should be
disconnected from the fixture. Each pair of
.wires should be tested for a short circuit. This
will show whether the irodble bctwccr. thc
two open boxes or between the second open
box and the end of the circuit.

If the trouble -is found to be between the
two opened outlet boxes, open any boxes
between them, disconnect the fixture, and make
the teslifor short circuits at each box and at the
end of the line. Bear in mind that the trouble
may be in the cable running, between the two%
boxes. When it is, usually it is necessary to pull
in new cable. However, some cables have a spare
wire, which might be used to save running a new
cable.

On circuits for portable equipment,
disconnect each item. If a short circuit
disappears, the trouble is in some of the portable
equipment. In this case, the defective fuse can
be replaced and the circuit energized. If the
short remains with the portable equipment
disconnected, the circuit should be tested, as
described for lamp circuits.
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Of course, if the trouble is due to defective
portable equipment, each item should be
carefully checked before it is reconnected to the
line. Any defective equipment should be
repaired.

To test a circuit for portable devices, it is
sometimes helpful to connect an ohmmeter at
the distribution box and watch the meter (or
have someone watch it for you) as each portable
device is disconnected from the line. If the short
circuit disappears when one item is
disconnected, it is safe to assume that this item
was the cause of the trouble.

Three-Phase Fused Circuits

The tests previously described relate to
individual branch circuit troubles. However,
branch circuit faults may not always be confined
to an individual branch. Instead, the trouble
may be in the feeder distribution-system.

The feeder supply circuit is 3-phase, and the
lighting branches are single-phase circuits. The
changeover from 3-phase to single-phase is made
in the branch distribution box by connecting the
various branch circuits to the proper feeders.
Figure 5-49 illustrates how these connections arc
made.

Now, assume that a fuse in the feeder
distribution box opens. This fuse will open one
leg of the 3-phase supply. When this happens,
the loads will then form two branch circuits in
series across a single-phase branch circuit. It will
be easier to visualize this condition by
examining Noire 5-50: which is a simplification
of the figure shown in figure 5-47.

In this circuit, consider that fuse F 1 is open.
Branch circuit 3 still has normal connections to
phases B-C. Therefore, it will receive normal
voltage, and all lamps on this circuit will light to
normal brilliancy. However, because of the open
fuse, F1, branches 1 and 2 cannot receive
normal voltage. They do, however, receive
voltage from terminals B and C. The supply path
is from terminal B through fuse F2, branch 1 to
branch 2, to fuse F3 and terminal C. Therefore,
branches '1 and 2 are in series across the

77.97
Figure 5-50.--Simplified main and brinch wiring.

terminals (E and G in fig. 5-50) that supply
branch 3.

If the wattages of the series-connected lamps
are equal, the voltages will divide equally across
each load, and lights connected in these circuits
will light to about half brilliancy. However, any
load unbalance will cause unequal voltage
division in the branch circuits so that, in an
actual case, there may be several degrees of lamp
brilliance in lighting circuits connected to the
same distribution box.

The same action will be noted if fuse F3
opens, except that branch I will have normal
voltage, and the voltage of this branch will
divide across branches 2 and 3 because they will
be in series across the supply voltage.

If fuse F2 opens, branch 2 will receive
normal voltage, and branches 1 and 3 will be in
series across the voltage supply.

Thus, you can see that an open fuse in any
leg of the 3-phase supply mains will give an
immediate indication as to the cause of the
trouble. In this example, the first clue is the
dimming of lights on sc me circuits and full
brilliance of lights on others. Suspicions of an
open-phase fuse can then be confirmed by
voltage measurements.
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CHAPTER 6

D-C POWER DISTRIBUTION SYSTEMS

Electrical power distribution systems are
designated as either a-c or d-c systems. Present
practice is to install a-c systems in new con-
struction ships. Though not being installed on
the newer ships, d-c systems still exist on
landing craft, transports, submarines, service
craft, and other ship types built before the

- general adoption of a-c ship service systems.

The purpose of the d-c distribution system
is to transmit power from one place to another.
It has circuit breakers and fuses which protect
the generators and the distribution system from
damage which might be caused by defects in
the system or connected equipment.

Before proceeding further in the chapter, you are
encouraged to review Module 4 NEETS. NAVEDTRA
172-04-00-79, which contains information on generator
construction and characterisitcs, voltage regulation and
control, and operation of generators in parallel.

SHIP SERVICE DISTRIBUTION SYSTEM

The electric plant in transport ship (AP)
consists of three turbine-driven ship service
generating units located in the main engine-
room. The schematic diagram of connections
for a typical generator and distribution switch-
board shown in figure 6-1 illustrates the following
features of control and protection:

Generators are connected to the power
distribution system through circuit breakers
which are designed to automatically disconnect
them from the bus under predetermined con-
ditions of overload or short circuit.

Reverse current trips, integral with the
circuit breaker, protect the generators against
motorizing when operating in parallel.

Disconnecting switches permit the circuit
breakers to be isolated from the bus for service
and repair.

Circuit breakers with automatic tripping
devices are provided on all distribution circuits
to isolate circuit faults.

Voltmeters are co netted through se-
lector switches to measu generaton4nd bus
voltages.

Two ammeters are provided with.three-
wire generators to measure the current in the
positive and negative leads, These ammeters
are connected into the line through suitable
shunts.

Generator field rheostats are connected
in series with the shunt field circuits for purposes
of adjusting generator voltage.

Indicating devices include circuit breaker
indicating lights and ground detector lights.

The main generator and distribution switch-
board consists of three combined generator and
powei-feeder panels, one feeder panel, one back-
up ACB panel, and two combined lighting and
power feeder panels (fig. 6-2). The switchboard
provides for single and parallel operation of
the main generators and for control of the power
and lighting feeders emanating from the backup
power and lighting buses.

a
The generators are controlled from panels'

I, II, and III and furnish 120/240-volt power
to the ACB backup circuit breakers BJ., B2,
B3, and B4 on panels I and VI. Panels I and VI
furnish 120/240-volt, 120-volt, and 240-volt power
to panels IV, V, and VII and the lower portions
of panels II and III. All circuits are protected
with manually operated circuit breakers. These
circuit breakers are equipped with overcurrent
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Figure 6- 1. Simplified schematic wir&ng diagram of d-c switchboard.

devices that operate to open the respective
breaker on short circuit or sustained overload.
In addition to the overcurrent Jevices, each
generator breaker is Aquipped with a direct-
acting reverse current c.L.vice, an undervoltage
device, and an 'overspeed device to trip the
breaker on current reversal, undervoltage, or
overspeed, respectively.

The backup circuit breakers should be closed
at all times. If the feeder breaker and backup
breaker open on a short ci:cuit, the feeder
breaker should be checked to determine that

27.66

it is in satisfabtory operating condition before
closing the backup breaker.

The switchboard meters installed for ob-
serving the performance of the generators usually
include only voltnieters and ammeters. The,
generator speed is controlled by the governor
of the prime mover. Remote speed control is
not required, and no governor motor control
switch is used on the switchboard as with a-c
generators. Manual voltage control is obtained
by a rheostat in the s:sunt field. This rheostat
is operated at the switchboard. Disconnect links,
located on the back of the switchboard are

6-2
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Figure 6-2.:4p.-c generator and distribution switchboard.
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proyided for each generator circuit to isolate
the generator :circuit breaker and associated
devices for maintenance and repairs.

The neutral of the main power system is
grounded. The ground connection (fig. 6-3) is
made through a ground contactor (normally closed)
that is connected in series with a Aarallel
combination comprising a current-limiti
for and a ground-circuit breaker (nor rlly
closed). If a ground occurs on either the positive
or negative side of the system, the instantaneous
trip device will open.'the ground circuit breaker
and insert the resistor ir. the neutral ground
circuit. The resistance is of sufficient mag-
nitude - to limit the ground current to one
percent of the rated full-load current of
the generator.

To measure the Value of unintentional system
grounds., it is necessary to disconnect the neutral
ground. A ground lamp test pushbutton, PB,
is provided for making ground tests with the
ground detect* lamps, A and Bs When the
pushbutton is held closed, the operating coil,
0, of the ground contactor is energized and opens
contacts G to remove the -neutral ground. At
the same time, contacts G1 close and place
ground on one side of the ground lamp circuit.

An alarm system is provided to indicate
operation of the ground circuit breiker, CB.
When the ground circuit breaker is tripped by
a ground fault, it opens contacts CB1 and CB2
and closes contacts CBS. When contacts CB1
open, the mechanical interlock opens contacts
CB2, which remove a shunt from the ground
alarm lamp, R, allowing it to light. When contacts
CB3 close,- the circuit to the alarm bell is
energized.

The alarm system includes an alarm reset
relay, A, and pushbutton APB. When the reset
relay pushbutton is operated, contacts A close
to maintain the operating coil A energized,
and contacts Al open to deenergize the alarm
bell. The alarm lamp, R, remains lighted at.
all times when the ground circuit breaker, CB,
is open.

Under normal operating conditions with no
ground except through the grounding system
(contacts G closed), the main bus is energized;
the ground circuit breaker contacts CB1 and
CB2 are closed and contacts CB3 are opens the
ground lamp test pushbutton is in the normal
(open) position; and the ground lamps, A and B,
are lighted dimly.

ALARM
BELL

GRovoio
ttessron

77.177
Figure 6-3.D-c ground detector lamp circuit.

120-VOLT, 2-WIRE SYSTEM

The 120-volt, 2-wire system is usually in-
stall"( in ships in which the total electrical
loaZ is small or in ships in which the 120-volt
load is the major part of the connected load.
The power loads are usually supplied by feeders
ruining directly from the switchboard.

120/240-VOLT, 3-WIRE SYSTEM

The 120/240-volt, 3-wire system was formerly
installed in all large surface ships. This system
is still in use in older ships and in converted
merchant ships with large deck machinery loads
that warrant the use of d-c power. The 120/240,
3-wire system is lighter in weight, smaller
in size, and more efficient ir. operation than
the 120-volt, 2-wire system.

In the 3-wire system the power is generated
by a 120/240-volt, 3-wire, d-c generator or a
converted 240-volt, 2-wire, d-c generator pro-
vided with a transformer balancer (center tapped
autotransformer) connected through slip rings
to tapping points on the generator armature,
which establieaes a neutral. The generator neutral
is connected to the midpoint of this balance
coil and to the load (fig. 6-4). The center of
the impedance coil is alitays mldway.in potential
between the positive and the negative brushes
on the commutator, and the connection at that
point becomes the generator neutral. The coil
is designed to offer a high impedance to alter-
nating current and a low resistance to the flow of
direct current. A small amount of alternating
current flows in the coil at all times and is of
constant value for all loaded conditions.

6-419
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Wien there is an unbalanced load on the
three-wire system, the difference between posi-
tivt an negative values of current will flow in
the netitral. The neutral, therefore, offers 'a
return circuit for the amountof unbalance through
the low resistance of the impedance coil back
to the generator armature winding. The magni-
tude of unbalance allowed with most ship's
service three-wire systems is 25 percent of the
full-load current. The present Navy practice is
not to ground the neutral (or either leg) of a
3-wire system. The positive, neutral, ,and nega-
tive polarities of bus bars and terminals are
indicated +(black), ± (white), and - (red) respec-
tively. e

Figure 6-5 shows a three-wire, 120/240-volt,
300-kw, stabilized shunt, d-c generator with
the dripproof shield removed. Note the collector
rings for bringing out the neutral.

TYPES OF DRIVE

Direct-current ship service generatois are
driven by steam turbines or diesel engin .
Because of the high operating speeds of scam
turbines, the generators are driven through
reduction gears rather than being directly coupled
to the turbine shaft. Generators driven by steam-
turbines range in speed from 900 to 1800 rpm
depending upon generator size and design. Gen-
erators driven by diesel engines operate at

SHUNT FIELD

FtWV\At F
2 ,

FIELD
RHEOSTAT

Al2 $2 St
ARMATURE

COMM. FIELD SERIES FIELD

SLIP RINGS

VDC

BALANCE
COIL

240 VDC

120 VDC

77.298
Figure 6-4. Three-wire generator connections.

speeds from 00 to 3600 rpin and, are usually
directly connected to the engine shaft.

OPERATION OF D-C GENERATORS

The preoperational checks of a d-c generator
are essentially the same as for an arc generator
(see chapter 5). After the d-c generator is
advanced to operating speeds the shunt ,field
switch is closed and the field resistance is
gradually cut out until normal voltage is obtained.
The line switch (if provided) and generator
circuit breaker .are closed. This will place the
d-c generator on a nonparallel bus for load
conditions.

To secure a d-c generator which is connected
alone to a bus, first reduce the load by opening
the feed circuit breakers. Then trip the gen-
erator circuit breaker, open the line switch,
and shut down the..prioe mover according to
operating instructions. Ali the shunt field resis-
tance is cut in and heaters (if installed) are
turnel on.

r"
When paralleling d-c generators, instead of

obtaining normal voltage as above, raise the
voltage..1 to 4 volts higher than the bus voltage
by cutting out more of the field resistance.
Then the line switch and generator circuit breaker
are_rcloseci and the generator goes on line.
Check the voltage and adjust the field rheostat
until the generator is taking its proper share
of the load. .

To secure a d-c generator that is operating
in parallel with another generator or generators,
gradually cut in the shunt field resistance to
reduce generator load, trip the generator circuit
breaker, and follow the shutdown procedures
as above.

PARALLEL OPELATIONAL DIFFICULTIES

The. difficulties which are sornetimes,experi-
enced in parallel operation of d-c generators are
usually not due to deficiencies in the inherent
characteristics of the generators and their prime
mDvers, but to failure to adjust the generating
units so that they satisfy certain conditions
which must be fulfilled before satisfactory
parallel operation is possible.

If d-c generators will not parallel satis-
factorily into a distribution system, the EM must

6-5 ,
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Figure 6-5.Brush holder and brush - rigging assembly.

find the cause. With the generator operating
at the normal operating temperature, without
a load, check to see that the fluctuation gen-
erator terminal voltage does not vary from the
average voltage by more than 1 1/2 volts for
a 120-volt generator, nor more than 3 volts
for a 240-Volt generator. If the voltage fluctuation
is greater, it is possible that prime mover
governor adjustments are required.

However, before you cause the Enginemen
undue work, there are a few additional checks

77.70

to be performed. The first step is to apply a
constant load of about 20 percent of fu I load.
Then check to see that the average inal
voltage does not fluctuate by more an 1/2
volt for a 120-volt generator, nor . more than
one volt for A 240-volt generator. Then apply
a full -load and recheck. Next, gradually .reduce -
the load on the generator to zero without changing
the governor or the field rheostat settings.
Note the no-load speed and no-load voltage.

Adjust the shunt field rheostat until the voltage
at no-load is equal to the rated full-load voltage.

x9
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L. .

Again increase the load to fulf4 withdut
changing the governor or field rheostat settings.
Note the full-load speed and voltage.

If the voltage fluctuations at no- load and
at full - load are still in excess of required
!Units, the prime mover governor should be
adjusted, if necessary, until the speed at full

I

O

load is equal, to the, speed recommended by
the manufacturer.

If, after the speed adjustment has been com-
pleted, the voltage rise and drop are not within
the operating limits, further checks are required.
'These include the checking for an unbalanced
rotor, unequal air gaps, poorly aligned bearings
or shaft, or diesel engine malfunction.
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CHAPTER 7

MOTOR CONTROLLERS'

'47

Controllers are commonly used for ,starting
large motors -aboard ship to reduce the amounts
of current they require when startea. The amounts
are normally several times greater than the
amounts the same large motors use once they
Eire-started and running. If these controllers are
not used for starting, the motors and the equipment
they drive may be damaged, or the operation of
other equipment in the same distribution system
may be affected adversely. By definition, a motor
controller is a device or set of devices which
serves to gcvern, in some predetermined ma9nert
the operation of the d-c or 'a -c motor to.ivhich`
it is connected. This chapter describes the char-
acteristics, 'uses, and operating principles of,
various kinds of shipboard motor controllers, in-
cluding their relays and - switches. The chapter
also contains the fundamentals of operation of
electric brakes and techniques of troubleshooting
motor controllers.

TYPES OF MOTOR CONTROLLERS

Basically, a motor controller regulates the
speed of its motor and protects it from damage.
The controller- functions to start the motor, stop
it, increase or,decrease its speed, or reverse
its direction of rotation.

A" MANUAL or nonautomatic' controller is
operated by hand directly through a mechanical
system. The operator closes and opens the con-
tacts that normally energize and deenergize the

'"connected load. In a MAGNETIC controller these
contacts are closed and opened by electrome-
chanical devices that are operated by local or
remote master switches (defined later). Magnetic
controllers may be semiautomatic, automatic or
full. and semiautomatic. Normally, all the
functions of a semiautomatic magnetic controller
are governed by one or more manual master
switches; those of an automatic controller are
governed by one or more automatic master
switches after it is energized initially by means

7-1

of a manual master switch. A f,1,111 and semi-
atitomatic controller, can be ope#ateci either as
an automatic or as a semiautomatic controller.

An ACROSS-THE-LINE controller throws the
connected load directly across the main supply
line. The motor controller may be either a manual
or magnetic type, depending on the rated horse-
power of the motor. Across-tie -Itne d-c con-
trollerg are used for starting small (fractional
horsepower) motors only. Across-the-lins d-c
controllers may be used to start average-sized,
squirrel-cage induction motors without damaging
effect because the motors can withstand the high
inrush currents dine to startingwith full-line volt-
age applied. Most squirrel-cage motors that
drive pumps, compressors, fans, lathes, and other
auxiliaries can be started "across the line"
without producing excessive line-voltage drop or
mechanical shock to a.motor or auxiliary.

A d-c RESISTOR 'motor controller inserts a
resistor in series with the armature circuit of
the d-c motor to limit current during starts,
thereby preventing motor damage and overloading
of the power system.In some resistor controllers,
the same" resistor also helps regulate the speed
of the motor after it is started. Otheo d-c con-
trollers may use a rheostat f.n the motor shunt
field circuit for speed control.

An a-c primary resistor controller inserts
resistors in the primary circuit of an a-c Motor
for starting, or staring and speed control. Some
of these controllers only limit the starting
currents of large motors; others control the
speeds of small motors as well ss limit their
starting currents.

An a-c secondary resistor controller inserts
resistors in the secondary circuit of a wound-
rotor a-c motor for starting or speed control.
Though sometimes used to linVt startigg current;
secondary resistor controllers usually function
to regulate the speeds of large a -c motors.

A motor STATIC VARIABLE-SPEED control-
ler consists of solid state and other devices which
regulate Motor speeds in infinite increments

2ui
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through a predetermined ra4ttSpetd is control-
led by manual adjustment or actuation of a sensing
device that converts a system parameter, such as
temperature, into an electric signal. This signal'
sets the motor speed autoMaticalli.

The AXTOTRANSFORMER controller, or-
compensator, is an a-c motor controller. It
starts the motor at reduced voltage through an
autotrapsforruer , then connects the motor to line
voltage after the nitor accelerates. There are
two types of compensators: open transition and
closAitranSition. The open-transition cOmpen-i'
Bator Euts off power to the motor during the time
(transition period) that 'the motor connection is
shifted from the autotransfermer to the supply
line. In the short transition Rer id cY, the motor
may coast and slip out of phase with the power
supply. When the motor is connected directly to
the supply line, the resulting transition current
may be high enough to cause circuit- breakers to
open. The closed-transition compensator keeps
the motor connected to the supply line during the
entire transition period. In this way, the motor
cannot slip out of phase and no high transition
current can develop. §.

A REACTOR controller inserts a reactor in
the primary circuit of an a-q,motorduring starts,
and later short circuits the reactor to apply line
voltage to the motor. Though not widely, used for
starting large a-c motors, the reactor controller
is smaller than the closed-transition compensator
and does not have the high transition currents
that develop in the open-transition compensator:

TYPES OF MASTER SWITCHES

A master switch is a device, such as a pressure
or thermostatic switch, which governs the elec-
trical operation of a motor controller. The switch
can be manually or automatically actuated. Drum,
selector, and pushbutton switches are examples of
a manual mastex switch. The automatic switch
functions through the effect of a physical force,
not an operator. Examples of automatic master
switches include float, limit, or pressure switches.

Depending on where it is mounted, a master
switch is local or remote. A local switch
mounted in the controller enclosure; a remote
switch is not. Local master switches are usually
operable from outside the controller.

Master switches may start a series of op-
erations when their contacts are closed or when
their.contacts are opened. Ina momentary contact
master switch, the contact is closed (or opened)
momentarily; it then returns to its original con-
dition. In a so-called maintaining contact master

switch., the contact does not return to its original
condition after closing (or opening) until . again
actuated. The position of a normally open or
nqrmally closed contact in a master switch is
open or closed, respectively, when the'switch is
deenergized. The deenergized condition for a
manual -controller is considered the off position.

OVERLOADRELAYS

- Nearly all shipboard motor controllers provide
overload protection when motor current is ex-
ce spive. Tfiis protection is provided by THERMAL
Or MAGNETIC overload relays which dieconneot
the motors from their power supply, thereby
pi eventing them from overheating.

Overload relays in magnetic controllers haye
a normally closed contact .which is opened by a
mechanical device that is tripped by an overload
current; Opening the overload relay contact breaks
the circuit through the operating ooil ("tithe main
contactor, causes the main contactor to open,
and cuts off power to the motor. Overload relays
In` manual controllers operate mechanically to
trip the main contacts and allow them to open.

Overload relays for naval shipboard use can
usually be adjusted to trip at the right current to
protect the motor if it is found that the rated
tripping current of the relay does not fit the motor
it is intended to protect. They can be reset after
tripping so the motor can be operated. again with
overload protection, Some controllers feature an,
emergency-run button that enables the motor to be
run without overload protection in an emergency.

THERMAL OVERLOAD RELAYS

The thermal overload relay has a heat -sen-
sitive element and an ,overload heater whicit is
connected in series with the motor load circuit.
When. the motor current is excessive, heat from
the heater causes the heat-sensitive element to
open the overload relay cont St. This breaks -the
circuit through the operati .!t*wcoil of the main con-
tactor and disconnects the motor from the power
supply. Since it takes time for parts to heat up,
the thermal overload relay has an inherent time
delay to permit the motor to do maximum work at
any reasonable current but only as long as the
motor is not being overheated. When it is, the
overload relay disconnects the motor.

Coarse adjustment of the tripping current of
thermal overload relays is made.,by changing the
heater element. Fine adjustment is made in dif-
ferent ways, depending upon the type of overload
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relay. One form of fine, adjustment consists of
changing the distance between the heater and the
heat-sensitive element. Increasing this distance
will increase the tripping current. Another.form
consists of changing the distance a binietal strip
has to move before the overload relay contact is
opened. See the technical manual furnished with the
equipment on which the controller' is used for
details on the particular kind of adjustment
provided.

Thermal overload relays must be compen-
sated, that is,-constructed so the trippingourrent
itevnaffected by variations in the ambient (room)

perature. Different means are used for dif-
ferent types. See the technical manual furnished
with the equipment on which the controller is used
for information on the particular form of compen-
sation provided:"...

Types of Thermal Overload Relays

There are four types of thermal overload 4-,
lays: solder pot; bintetal,'single metal, and 101'
duction. The heat- sensiNe element to/ a SOLDER -
POT type is a cylinder inside a hollow tube. The
cylinder and tube are normally held together *ft
film of solder.-In case of an overload, the heater
melts the sOldet .(thereby breaking the bond bti
tween the' cilinderoand tube) and releases the trIP-
ping devige of tlae relay. After the relay trips, the
-solder cools, and solidifies. The relay din then be..
reset,

Iri the BIMETAL type, the heat- sensitive el- .
ement is' a strip or coil of two different metals
fused together, along one side. When heated, the
strip or coil deflects because one metal expands
more than the other, Tile deflection causes the
overload relay contact to open. the heat-sensitive
element of the SINGLE-METAL type is a tube
around the heater, The tube lengthens when heated
gnd opens the "overload relay contact,

The heater in the INDUCTION type consists of a
coil in the motor load circuit and a copper tube
inside the coil. The tube acts as the short-circuited
secondary, of a transformer and is heated by the
current induced in it. The heat-sensitive element
is usually a bimetal strip or coil. Whereas the
other three types of thermal overload relays are
for either a-c or d-c use, the induction type is for
a-c use only.

4 .

tripping armature or plunger. Whelitorcurzent
exceeds the tripping current, the a . hire opens
the overload relay contact. Though limited in ap-
plication, one type of magnetic overload relay
operates instantly when the motor current exceeds
the tripping current. This type mist be set at a
tripping current higher -than the motor starting .
current, otherWise, the relay would trip each time
you try to start the motor. One useof the instan-
taneous magnetic overlOad relay is in motor con-
trollers f r reduced voltage starting in which
Starting to

ku

rent pealis are less than the stalled
rotor cur

r The operation of a facond type of magnetic'
overload relay is delayed a short time when motor
current exceeds tripping current. This type is
essentially the same as the instantaneous relay
except for the time-delay device, which is usually
an oil dashpot with a piston attached to the tripping
armature of the relay, Oil passes through a hole in
this piston when the tripping armature is moved by
an overload current. The size of the hole can be
Adjusted to change the speed at which the piston
moves for a given pull on the tripping armature.
For a given size hole, the larger the current, the
faster the oper tion. The motor is thus allowed to
-carry a small verload current longer than a

. 4(krge overload c rrent. The relay can be set to
tripat 1 current ell below the stalled rotor cur-._
rent because the time delay gives the motor time to
acqele'rate to full 'speed before the relay operates,
By this time the current will have dropped to full
load current which is well below the relay trip
setting. ,t

In either the instantaneous or time-play mag-
netic overload relays, the tripping current is usu-

'ally adjusted by changing the.dietancelltweenthe
series coil and the tripping. armate. More
'current is needed to actuate the armaturescrlien the
distance is increased. Compensation forChanges
in ambient temperature is not needed for magnetic
overload relays because they are practically uh-.
affected by changes in temperature.

OVERLOAD RELAY RESETS

After an over4oad relay has tolerated to stop
a motor, it must be reset before the motor can be
run again with overload. protection. Magnetic
overload relays can be reset immediately after
tripping. Thermal overload relays must be
allowed to cool a minute or longer before they
can be reset. The form of overload reset is
manual automatic, or electric.

The manual, or hand, reset is located in the
controller enclosure which contains the overload

MAGNETIC OVERLOAD RELAYS

The magnetic overload relay has a coil con-
nected in series 'with the motor load circuit and a

7-3
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relay. This form* of reset usually has a hand-
Operated rod, lever, or button that returns the
relay tripping mechanism to its original position,
resetting interlocks' as well, so the motor can be
run again with overload protection. An interlock
is a mechanical or eleotrical device aetuatedby a
second device, to which it is connected, to govern
,succeeding operations of the second or other
devices.

'She automatic form, usually a spring- or
gravity-operated device, resets the overload re-
lay without the help of an' operator. The electric
reset is actuated by an electromagnet controlled
by a pushbutton. This form used when it is de-
sired to reset an overload relay from a remote
operating point.

OVERLOAD RELAYS - EIERGENCY RUN

Motor controllers having an emergency run
feature are used with auxiliaries that cfanpot be
stopped safely in the midst of an operatinOyole.
By means of this feature, the operator of an aux-
iliary can keep it running with motor overloaded
until a standby unit "can take over, the operating
cycle is completed, or the emergency passes.
USE THIS FEATURE IN AN EMERGENCYONLY.
DO NOT USE IT OTHERWISE.

The common means of providing emergenoy
run in magnetic controllers are emergency run
pushbutton, reset-emergency run lever, and start-
emergency run pushbutton. In each case, the lever
or pushbutton must be held closit during the entire
emergency. . -

Figure 7-1 is a schematic diagram df a
controller showing a separate EMERGENCY RUN
pushbutton with normally Open contacts inparallel
with the normally closed contact of the overload
relay. (A schematic diagram uses standard sym-
bols to show the electrical location and operating
sequence of the individual elements or devices;

. the schematic does not indicate their relative
physical location .) For emergency run operation,
the operator must 'told down this pushbutton and
press the START button to start the motor.
While the emergency run pushbutton is held down,
the motor cannot be stopped by opening the over-
load relay contact.
. A RESETEMERGENCY RUN lever is sholm
in figure 7-2, As long as the lever.is held down,
the overload relay contact is closed. The start
button 'must bee momentarily closed to start the
motor. Figure 7-3 shows a START EMERGENCY'
RUN pushbutton; The motor starts when the button
is pushed, and continues to run without overload

CONTROL
CIRCUIT
PWt

STOP

EMERGENCY
START RUN

r

t
INTERLOCK OVERLOAD
OF MAIN RELAY
CONTACTOR CONTACT

CONTACTS OF MAIN
CONTACTOR

HEATERS OF THE
OVERLOAD RELAY
uctssivt MOTOR
CURIUM OPENS
THE OVERLOAD
RELAY CONTACT .

OPERATING COIL OF THE
MAIN CONTACTOR. WHEN
MANED, IT CLOS S'Ici

lel THE CONTACTS F
THE MAIN CON ACTOR

AND

MO THE INTERLOCK OF
THE MAIN CONTACTOR

77.314
Figure 7-1.Sohemutic of controller with

emergency run pushbutton,

protection as long as' it is held down. For this
reason, pushbuttons which are marked START
E14ERGENCY RUN should not be kept closed
for more than a second or two unless emergenby
run operation is disired.

Manual controllers may also be provtd:.... with
the emergency run feature. The usual nt. 7.rus :s
START-EMERGE tiff,. RUN pushbutton or over
which keeps the main contacts closed deep- the
tripping action of the overload relay mechanism.
SHORT CIRCUIT PROTECTION ,11;:

Overload relays and contactors are usually
not designed to 'protect motors frqm currents'
greater than about six Aims normal rated cur-
rent of a-c motors or four times normal rated
current of d-c motors. Since short-cirouited
currents are much higher, "protection against
short circuits in motor controllers is obtained.
through other devices. Recent Navy practice is to
-protect against these short circuits with circuit
breakers placed in the power supply system. In
this way, both the controller and rooter are 'pro-
tected, and so are the cables connected 'to the

7-4 2u4
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INOTF1:11.211

CONTACTOR

CONTACTS Of
MAIN CONTACTOR

,s..
field protection is a feature provided automatl-
cally by a relay which shunts out the shunt field
rheostat for initial acceleration of the motor, and
then cuts it into the motor field circuit. In this
way, the motor first accelerates to 100 percent or
"full field" speed, and then further accelerates
to the "weakened field" speed determined by the
rheostat settings.

NEATENS OF
ovinoito RELAY Stepback Protection

OVERLOAD RELAY
CONTACT

OPERATING COIL Of
MAIN CONTACTOR

NEW FOR OvINLOAD RFLAy
AND EMERGENCY RUN

77.315
Figure 7-2. Schematic of controller with reset-

emergency run lever.

controller, However, short-circuit protection is
provided In the controller in cases where it is
not otherwise provided by the power distribution
system or where two or more motors are
protected but the circuit breaker rating is too
high for protection of each motor separately.

Short-circuit protection for control circuits
is provided by fuses In the controller enclosure.
The fuses are connected in control circuits which
run to remote pushbuttons, pressure switches,
etc, In general, each control wire that leaves a
controller should be protected by a fuse if the
lead is not already protected by &current limiting
device, such as a coil or resistor, located in the
*no losu re.

FULL. FIELD PROTECTION

The controller for an anchor windlass motor
provides this kind of protection by automatically
cutting beck motor speed tlarelieve the motor of
excessive load.

LOW VOLTAGE RELEASE (LVR)

When the supply voltage is reduced or lost041
altogether, a low-voltage RELEASE controlleofif
disconnects the. motor a.m.!) the power supply,
keeps it disconnected until the supply voltage
returns- to normal, then automatically restarts
the motor, This type of controller must be equipped
with &Maintaining master switch.

CONTROL
CIRCUIT
lull

STOP

START ANO
EMINGINLY

RUN

t
INTERLOCK

CC%T'g;1N

OL

4r

OT1RLOAD
WAY
CONTACT

CONTACTS OF
MAIN CONTACTOR

NEATENS OF
OVERLOAD RELAY

OPERATING COIL Of
MAIN CONTACTOR

Full field protection is required in the oon-
troller for a d-c motor in which a shunt field 77.316
rheostat or resistor is used to weaken tie motor
field and obtal n motor speeds in excess of 160 Figure 7-3.-64:thematic of controller with start-
percent of the speed at rated field current. Full emergency run pushbutton.

7.5
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LOW VOLTAGE PROTECTION (LVP)

With LVP. when the supply voltage is reduced or
lost, the controller must be restarted manually. The
master switch is usually a momentary switch.

MAGNETIC ACROSS-LINE CONTROLLERS

A typical three-phase across-line controller
is shown in figure 7-4. Figure 7-5 shows a small
cubical contactor for a 5-hp motor. All are simi-
lar in appearance but vary in size.Anelementary
or schematic diagram of a magnetic controller is
shown in figure 7-2.

The motor. is started by pushing the START
button. The action completes the circuit from LI
through the controlguse, STOP button, START
button, the overload relay contacts, OL, and the
contactor coil, M to L3. When the coil is ener-
gized, it closes line contacts' Ml, M2, and M3,
which connect the full-line voltage to the motor.
The line contactor auxiliary contact, MA, also

,

27.319X
Figure 7-4. Across - line, 3-phase, controller.

4,

77.147X
Figure 7-5.-Contactor for a 5-horsepower motor.

closes and completes a holding circuit for ener-
gizing the coil circuit after the START pushbutton
has been released.

The motor will continue to run until the contac-
tor coil is deenergized by the STOP pushbutton,
failure of the line voltage, or tripping of the over-
load relay, OL.
REVERSING

The rotation of a 3-phase induction motor is
reversed by interchanging any two of the three
leads to the motor. The connections for an a-o
reversing controller are illustrated in figure 7 -6.
The STOP, REVERSE, and FORWARD pushbutton
controls are all momentary-contact switches.
Note the connections to the REVERSE and FOR-
WARD switch contacts. (Their contacts close or
open momentarily, then return to their original
closed or opened condition.)

If the FORWARD pushbutton is pressed (solid
to dotted position), coil F will be energized and
will close its holding contacts, FA. These oon-
tacts will retnain closed as long as coil F is ener-
gized. When the coil is energized, it also closes
line. contacts, Fl, F2. and F3, which applies full-
line voltage to the motor. The motor then runs in a
forward direction.

U either the STOP button or the REVERSE
button are pressed, the circuit to the F oontaotor
coil will be broken and the coil will release and
open line contacts Fl, F2, F3, and holding oon-
tact FA.
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TO 3 PH.
A.C.SUPPLY

Fi OL

10 A
CONTROL

FUSE

MOMENTARY
CONTACT
PUSHBUTTONS

If the REVERSE pushbutton is pressed (solid
to dotted position), coil R will be energized and
will close, holding contacts RA and line contacts
Ftl, R2, and R3. Note that contacts R1, R2, and R3
reverse the connections of lines 1 and 3 to motor
terminals Ti and T3. This causes the motor rotor
to rotate in the reverse direction. The F and R
contactors are mechanically interlocked to pre-
vent both being closed at the same time.

Momentary contact pushbuttons provide low-
voltage protection with manual restart in the cir-
cuit shown in figure 7-6. If either the F or R
operating coil is deenergized, the contactor will
not reclose and start the motor when voltage is
re Stored unless the FORWARD or REVERSE push-
button is pressed. The circuit arrangement of the
pushbuttons constitutes an electrical interlock
that prevents energizing both coils at the same
time.
SPEED CONTROL

77.148 When it is desired to operate an a-c motor at
Figure 7-6. Reversing a-c controller, different speeds, use a controller witha circuit as

shovin in figure 7-7.
An a-c induction motor that has been designed

for two-speed operation may have either a single
winding or two separate windings, one for each
speed. Figure 7-7 is a schematic diagram of the
a-c controller for a 2-speed, 2-winding induc-
tion motor. The motor slow winding is connected
to terminals T1, T2, and T3. The motor fast wind"'

CONTACTS OF MAIN in g is connected to terminals T11, T12, and T13.
CONTACTORS NM FO
NIGH SPEED

,

CONTAC-
R Overload protection is provided by the LOL coils

TOR, LM FOR LOW
SPEED CONTACTOR and contacts for the slow winding and the HOL

OVERLOADHEATERS OF
contacts and coils for the fast winding. The LOL

RELAYS, NOL FOR and HOL contacts are connected in series in the
WON SPEED, 1.01. FOR
LOW SPEED.

maintaining circuit and must both be closed be-
fore the motor will operate on either speed.

The control pushbuttons are of the momentary
contact type. Pressing the high-speed pushbutton
closes the high-speed contactor by energizing
coil HM. This coil remains energized, after the
pushbutton is released, through holding contacts
HA. The coil, HM alsooloses main line contacts
HM1, HMs, and HM3 which apply full-line voltage

CONTACTS OF
to the motor high-speed winding. The motor will

ovcsLoAD sues, then run at high speed until coil HM is
NIGH SPUD AND INTERLOCKS OF OPERATING COILS
LOW SPUD deenergized.MAIN CONTACTORS, OF MAIN CONTACTORS,

NIGH SPUD AND NIGH SPEED AND Pressing the low-speed pushbutton closes the
LOW SPUD LOW SPEED low-speed contactor by energizing coil LM. The

coil remains energized, after the button is re-
leased, through holding contacts LA. The coil,
LM, also closes mainline oontaots LM1, LM2, and
LM s which apply full-line voltage to the motor

77.317 low-speed winding. The motor will then run at low
Figure 7-7. Two- speed, a- o controller. speed until coil LM is deenergized. The LM and

7-7
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HM contactors are mechanically interlocked to
prevent both being closed at the same time.

AU TOTFtANSFORM ER CONTROLLERS

A single phase autotransformer has a tapped
winding on a laminated core. Normally, only one
coil is used on each core, but it is possible to have
two autotransformer coils on the same core. Fig-
iure 7-8 shows the connections for a single-phase
autotransformer being used to step down voltage.
Part of the winding, that between a and b, is com-
mon to both primary and secondary and carries a
current that is equal to the difference between the
load current and the supply current.

Any voltage applied to the terminals, a and c,
will be uniformly distributed across the winding in
proportion to the number of turns. Therefore, any.
voltage that is less than the source voltage can be
obtained by tapping the proper point on the winding
between terminals a and c.

Some autotransformers are designed so that a
knob-controlled slider makes contact with wires
of the winding in order to vary the load voltage.

The positive directions for current flow
through the line, transformer winding, and load
are shown by the arrows in figure 7-8. Note that
the line current is 2.22 amperes and that this cur-
rent also flows through the part of the winding
between b and c. In the part of the winding that is
between a and b, the load current of 7 amperes is
opposed by the line current of 2.22 amperes.

C

11 2.22 AMPERES Q

LOAD

Therefore, the current through this section is
equal to the difference between the load current
and the line current. If you subtract 2.22 amperes
from 7 amperes you will find the secondary cur-
rent is 4.78 amperes.

Two common uses for autotransformers are to
start 3-phase induction and synchronous motors
and to furnish variable voltage for test panels.-
Figure 7-9 shows an autotransformer motor
starter, which incorporates starting and running
magnetic contactors, an autotransformer, ather-
mal overload relay, and a mercury timer to con-
trol the duration of the starting cycle.

D-C CONTROLLERS

The starting of all d-c motors, with the ex-
ception of fractional horsepower sizes, requires
a temporary insertion of resistance in series with

77.143 77.144
Figure 7-8. Single-phase autotransformer Figure 7-9. Autotransformer controller.

7-8 2us
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Figure 7-10. A representative d-c controller.

the armature circuit td limit the high in-rush cur-
rent' at standstill. Because of this consideration
the starting resistance cannot be safely removed
from the line until the motor has accelerated in
speed and the counter oleotromotive force is of
sufficient strength to limit the current to a safe
value.

Auxiliary motors located below deck general-
ly drive constant-speed equipment. A rheostat in

27.318X

the shunt field circuit i s, however, provided to fur-
nish speed control for motors operating with
ventilation fans, forced draft blowers, and certain
pumps where conditions may require operation at
more than one speed.

With motors of small rating, one stage of
starting resistance remaining in the line for afew
seconds is generally sufficient to limit the starting
current. With the larger motors two or more

7-9
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stages of resistance are connected in the line at
starting and are cut out in steps as the motor
accelerates to running speed. -

Motors supplied with cargo winches and other
deck auxiliaries are required to operate over a
wide rangeof speed,Once-the-speed of a d-c
motor with constant load varies almost directly
with the voltage, stages of line resistance are
used to make speed changes and also to limit the
current at starting. There stages of line resis-
tance are connected in various combinations as
manually selected by a master switch operating in
conjunction with a. magnetic controller. Thus, the
operator directly controls the amount of resis-
tance in the line and the resulting speed of the
motor at all times.

ONE-STAGE ACCELERATION

Figure 7-10 shows a representative d-c con-
troller. The connections for this motor controller
with one stage of acceleration is shown in
figure 7-11. When the. START button is pressed,
the path for current is from line terminal L2
through the control fuse, STOP button, the
START button, and the line contactor coil LC
to line term'nal Li. Current flowing through
the contactor coil causes the armature to pull
in and close the line contacts, LC1, LC2, LC3,
and LC4.

L2
LCI

CONTROL
FUSE

STOP

LC3

SH

I I I

I I mow

When contacts LC1 and LC2 close, motor-
starting current flows through the series field,
SE, the armature, A, the series relay coil, SR,
the starting resistor, R, and the overload relay
coil, OL. At the same time, the shunt field
winding, SH, is connected across the line and
establishes normal shunt field strength. Contacts
LC3 close and prepare the circuit for the ac-
celerating contactor coil, AC. Contacts LC4 close
the holding circuit far the line contactor coil;
LC.

The motor armature current flowing through
the series relay coil causeL its armature to pull _

in, opening the normally closed contacts, SR.
As the motor speed picks up, the armature
current drawn from the line decreases. At ap-
proximately 110 percent of normal running cur-,
rent, the series relay current is not enough to
hold its armature in; therefore, it drops out and
closes its contacts, SR. These contacts are in
series with the accelerating relay coil, AC, and
cause it to pia up its armature, closing contacts
Ac1 and AC2.

Auxiliary contacts AC1 on the accelerating
relay keep the circuit to the relay coil-closed while
the main contacts, AC2, short out the starting
resistor and the series relay coil. The motor is
then connected directly across the line, and the

AC

START-EMERG.

LC4

OL LC2

AC2

SR

ACI

LC

OL

Figure 7 -11. D-c controller with one stage of acceleration.
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L2
LC

SH

RHEO.

OL LC

LC
AC

AC SR

CONTROL
FUSE

STOP
START-E ME RG.

LC OL

LC

AC

I I

Figure 7-12. D-c controller with shunt field rheostat.

connection will be maintained until the STOP
button is pressed.

If the motor becomes overloaded, the ex-
cessive current through the overload coil (OL
at the top right of fig. 7-11) will open the over-
load contacts (at the bottom of fig. 7-11) to dis-
connect the motor from the line.

If the main contactor drops out because of an
excessive drop in line voltage or a power failure,
the motor wilt remain disconnected from the line
until an operator restarts it with the "STAR f"
pushbutton. This prevents automatic restarting of
equipment when normal power is restored, which
is low voltage protection.

SPEED CONTROL

Figure 7-12 illustrates how a rheostat is
added to the basin controller circuit to obtain
varying speed.

Li

77.142

If resistance is added in series with the field,
the field will be weakened and the motor will speed
up. If the amount of resistance in series with
the field is decreased, the fled strength will
increase and the motor will slow down.

Contacts FA (fig. 7-12) are closed during
the acceleration period providing full shunt field
strength. After the motor has accelerated to the
across -thu -line position, contacts FA open placing
the rheostat in the shunt field circitit. This is
full field protection.

REVERSING

In certain applications, the direction in which
a d-o motor turns is reversed by reversing the
connections of the armature with respeot to the
field. The reversal of connections can be done in
the motor controller by adding two eleotrioally
and meohanioally interlocked oontaiotors,
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A d-c motor reversing connection is given in
figure 7-13. Note that there are two START
buttonsone marked, START EMERG FORWARD
and the dther marked, START EMERG REVERSE.
These buttons serve as master switches, and the
desired motor rotation is obtained bypressingthe
proper switch.

fuming that the FORWARDtton has been
pressed, the line voltage will be applied through
the button to the forward contactor coil, F, which
pulls in its armature and closes the normally open
contacts in the motor armature circuit, F1, F2,
the forward contactor holding circuit, F3, the
line contactor (LC) operating circuit, F4, and

SAHA

----Ab l

opens its normally closed contact, F5, in the
reverse contactor circuit. The normally closed
contact, F5, is an electrical interlock. With the
forward contactor operated, the reverse contactor
cannot be energized.

After the line contactor is energized, ac-
celeration is accomplished in the manner de-
scribed previously.

D-C CONTACTOR

The complete contactor is composed of an
operating magnet, which is activated by either
switches or relays, fixed contacts, and moving

Fi

Fi CONTROL
124 FUSE

STOP

!TORT EMERG. R
REVERSE

LC

AC

?I

R

STAR TEMERG
FORWARD

SR RES.

AC

SRS
AC

F

OL LC
LI10

F3

F3

1

LC
F4

R

Figure 7-13. Reversing d-c controller.
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contacts. It may be used to handle the load of an entire
bus, or a single circuit or device. However, when he'avy
currents are to be interrupted, larger contacts must be
used. The contacts must snap open or closed to reduce
contact arcing and burning. In addition to these
precautions, other arc-quenching means are used.

BLOWOUT COILS

When a circuit carrying appreciable direct
current is interrupted, the collapse of the flux
linking the dircuit may induce a voltage, which will
cause an arc. If the spacing between the open
contacts is small,-the arc wilt continue-once it-
is started. The arc, if it continues long enough,
will either melt the contacts or weld them to-
gether. Magnetic blowout coils overcome this
condition by providing a magnetic field, which
blows out the arc in much the same manner as
you would blow out a match.

The magnetic blowout operation is illustrated
in figure 7-14. It is important that the fluxes

ARC BEING BLOWN UP

remain in the proper relationship. Otherwise,
if the direction of Le currez.t is changed, thd
blowout flux will be reversed and the arc will
actually be pulled into the pace between the
contacts. .

When the direction of electron flow and flux
are as illustrated in figure 7-14, the blowout
force is upward. The blowout effect varies with
the magnitude of the current and with the blowout
flux. The blowout coil should be chosen to match
the current so that the correct amount of flux
will be obtained. The blowout flux across the
arc gap is concentrated by a magnetic path pro-
vided by the steel core in the blowout coil and the
steel pole pieces- extending ._from tile core to
either side of the gap.

ARCING CONTACTS

Because arcing at contacts wears away the
usable surface, a second set of contacts (arcing
contacts) is shunted across the main contacts.

FLUX DUE TO ARC
ENCIRCLES ARC

BLOWOUT CORE

DIRECTION OF ELECTRON
FLOW THRU THE BLOWOUT
COIL AND CONTACTS

DIRECTION OF FLUX
FROM BLOWOUT COIL

STEEL POLE PIECES
PROVIDE A FLUX PATH
'ACROSS THE CONTACTS

Figure 7-14. Action of magnetic blowout coil.

7-13
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77.318
Figure 7-15.Detailed view of arcing contacts.

A shunt-type contactor that will handle 600
amperes at 230 volts is pictured in figure 7-15. The
blowout shield is removed in the detailed view. The
diagram shows the me sections of the contactor.
The arcing contacts are made of rolled copper,
which has a heavy protective coating of cadmium.
These contacts are self-cleaning because of a sliding
or wiping action after the initial contact is made.
The wiping action keeps the surface bright and clean
and thus maintains a low contact resistance.'

The contactor is operated by connecting the
coil 0 directly across a source of d-c voltage.
When the coil is energized, the movable armature
@ is pulled toward the stationary magnet

core 0 . This action causes the contacts that carry
current 0 0 0, and ff) to close with a
sliding action.

The main contacts, 0 and 0, are called
brush contacts. They are made of thin' leaves of
copper, which are backed by several layers of
phosphor bronze spring metal. A silver brush arcing
tip is attached to the copper leaves and makes
contact slightly befol(t5 the leaf contact closes. The
stationary contact consists of a brass plate
which his a silver-plated surface. The plating lowers
the surface resistance, and therefore the contact

surfaces should never be filed or oiled. If excessive
current has caused high spots on the contact, the
high places may be smoothed down by careful use
of a fine ignition-type file.

Operation and contact spacing may be checked
by manually closing the contactor (be sure the
po er is off). The lowest leaf of brush contact

6 in figure 7-15 should just barely touch contact
5 . If the lower leaf hits the plate too soon, the

entire brush assembly should be bent upward
slightly.

The contact dimensions should be measured
with the contactor in the OPEN position.

Refer to the manufacturer's instruction book
when making these adjustments.

7-14

ELECTRIC BRAKES

An electric brake is fin electromagnetic device
whose functic .1 is to bring a load to rest
mechanically and hold it at rest. Aboard ship,
electric brakes are used on motor-driven hoisting
and lowering equipment where it is important to
stop the motor quickly. The type of electric brakes
used depends on whether the motor is a-c or d-c and
also whether a d-c motor is series 'or shunt wound.

A-C SOLENOID BRAKE

The magnetic brake assembly shown in figure
7-16 is the main component of this electric brake.
When the coil is energized, two armatures are pulled
horizontally into the coil. The armatures are
mechanically linked to the levers. The levers pivot
on the pins. When the magnetic pull overcomes the
pressure of the coil the pressure of brake
shoes on the drum releases and allows it to turn. The
drum is mechanically coupled to the motor shaft or
the shaft of the device driven by the motor. The coil
is connected r.o the voltage supply lines. The method
of connecting the coil (series or parallel) is
determined by the coil. design. The magnetic brakes
are applied when the coil is not energized. A spring
or weight holds the band, disc, or shoes against the
wheel or dru.-n. When the coil is energized, the
armature or solenoid plunger overcomes the spring
tension and releases the brake.

The a-c solenoid brake frame and solenoid are of
laminated construction to reduce eddy currents

21
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C011.
SPRINGS

Figure 7-18. Magnetic brake assembly.

which are characteristic of a-c systems. Because
the magnetic flux passes through zero twice each
cycle, the magnet pull is not constant. To over-
come this, shadipg coils are used to provide pull
during the change of direction of the main flux.
The principal disadvantage of an a-c solenoid is
that it draws a heavy current when voltage is
first applied.

47-15
-

A-C TORQUE MOTOR BRAKE

C

...=110

77.138

The torque motor brake uses a specially wound
polyphase squirrel-cage motor in place of the
brake release solenoids. The motor may be
stalled without injury to the 1.inding and without
drawing heavy currents. The mechanical arrange-
ment of a torque-motor brake assembly and the,
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A BRAKE ASSEMBLY

B BALL-JACK
ASSEMBLY

77.139
Figure 7- 17. Torque -motor brake and ball jack

assembly.

ball jack assembly is shown in figure 7-17. This
assembly is used with an anchor windlass.

The mechanical connection between the
torque-motor shaft anti the brake operating lever is
through a device called a "ball jack" (fig. 7-17B),
which converts the rotary motion of the
torque-motor shaft to a straight line motion.

When power is applied to the torque motor, the
shaft turns in a clockwise direction resulting in an
upward movement of the i5k screw 0
(fig. 7-17B). The thrust element in the jack
pushes upward against the operating lever 0 (fig.
7-17A) to release the brake. As soon as the brake is
fully released, the torque motor stalls across the
line. This holds pressure against the spring ® in
figure 7-17A, and keeps the brake released.

. When the voltage supply to the torque motor is
interrupted, the torque spring forces the brake shoes
against the brake drum. This stops and holds the
windlass drive shaft.

The torque motor brake can be released
manually by raising lever ® . However, if the lever
is not held manually in the UP position, the brake
will be applied.

D-C DYNAMIC BRAKE

Dynamic braking is similar to the slowing down
of a moving truck by means of the compression
developed in its engine. A d-c motor also slows
down when being driven by its load, if its field
remains excited. In this case, the motor acts as a
generator and returns power to the supply, thereby
holding the load. In an actual braking system,
however, the d-c motor is disconnected from the
line; its armature and field are connected in series
with a resistor to form a loop. The field connections
to the armature are reversed so that the armature
countervoltage maintains the field with its original
polarity.

Figure 7-18 shows; the connections in the
dynamic braking system of a series-wound d-c
motor. The field switching is carried out by switches
S 1, S2, and S3, which are parts of a 3TPDT
assembly. These switches are magnetically operated
from a controller. With the switch arms in position
1, the motor operates from the line. When the
switch arms are in position the resistor is
connected in series with the field, and, at the
same time, the field coil connection to the
armature is reversed. Thus, as long as the

BRAKING
RESISTOR

77.136
Figure 7-18.Connections for dynamic braking of a

series-wound d-c motor.

7-16
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LI L2
BRAKING
RESISTOR

77.137
Figure 7-19. Connections for dynamic braking

of a shubt-wound d-c motor.

armature turns, it generates a countervoltage,
which forces ma rent through the resistor and
the series field. Although the direction of current
flow through the arinacure is reversed (because
of the countervoltage), the direction through the
series field coil is not reversed. When operating
in this way, the motor is essentially a generator
that is being driven by the momentum of the ar-
mature and mechanical load. Energy is quickly
consumed in forcing current through the resistor,
and the armature stops turning.

The time required to stop the motor may be
varied by using different resistor value. The,
lower the resistance, the faster the braking action.
If two or more resistors are connected by
switches, the braking action can be varied by
switching in different load resistors. Usually, the
same braking resistors that are used to stop the
motor are also used to reduce the line voltage
during accVileration.

When dynamic 'braking is used with a d-c shunt-
wound motor, resistance is connected across the
armature (fig. 7-19).

Switches, S1 and S2, are parts of a DPDT
cirCuit breaker assembly. When the switch arms
are connected to position 2, the armature ie across
the line, and motor operation is obtained. When
the switch arms are in position 1, the armature

is disconnected from the line and cpi nnected to the
resistor. The shunt field remains connected to the
line. As the armature turns, it generates ,at,,
countervoltage that forces current through the
resistor. The remainder of the !action is the
same as described for the circuit -Ti: figure
7-18.

Although dynamic braking provides an effec-
tive means of slowing motors, it is not effective
when the field excitation fails or when an at-
tempt is made to hold heavy loads; without
rotation the countervoltage is zero, and no
braking reaction can exist between the armature
and the field.
D-C MAGNETIC BRAKE

Magnetic brakes are used for complete braking
protection. In the event of field excitation failure,
they will hold heavy loads. A spring apidies the
brakes, and the electromagnet releases them.

Disc brakes are ,arranged for mounting' di-
rectly to the motor, end bell. The brake lining
is riveted to a steel-disc, which is supported
by a hub keyed to the motor shaft. The disc
rotates with the motor shaft.

The band type brake has the friction material
fastened to a band of steel, which encircles the
wheel or drum and may cover as much as 90
percent of the wheel surface. Less braking
pressure 'is required and there is less wear
on the brake ,lining when the braking surface
is. large.

D-c brakes are operated by a Solenoid
which is designed the same as the a-c sole-
noid brake (fig. 7-16) except the d-c brake
construction is of solid 'Iletis and requires
no laminations its floes the a =c magnetic brake.

CONTROLLER TROUBLESHOOTING

Although the Navy maintains a policy of preventive
maintenance, sometimes trouble is unavoidable. In
general, when a controller fails to operate, or signs of
trouble (heat, smoke, smell of burning insulation, etc.)
occur, the cause of the trouble can be found by
conducting an examination that consists of nothing
more than using the sense of feel, sight, and sound. On
other occasions, however, locating the cause of the
problem will involve more detailed actions.

Troubles tend to gather around mechanical
moving parts and where electrical systems are
interrupted by the making and breaking of con-
tacts. Center your attention in these areas. See
table 7-1 for a list of common troubles, their
causes, and corrective actions.

7-17 21.7



LECTRICIAN'S MATE 3 & 2

.
Trouble

Table 7-1,Trou131eehooting'Chart

Contacts

Probable cause Remedy

Contact Chatter . . 1cf: .

Overheated contact tips .

Weak tip gressure

Short tip life

Welding or fusing .

Failure of the flexible con-
ductors between fixed
and moving parts of
contactor-

Poor contact in control relay
Broken shading coil
Excessive jogging

Dirty contact tips
ti

Sustained overloads

Insufficient tip pressure
Loose connections
Wear allowance gone

Poor tip adjustment
Low voltage which prevents magnet sealing .

Excessive filing or dressing
Excessive jogging
Abnormal starting currents

Riptd jogging
Short curstr.0.1 or. ar Acts . . . . ....
Improper instralla

orn cut 'act ..sucally by laite number of
opt 11..

,
Moisture or corrosive atmosphere

Burned by arcing or over-heating from loose,
oxidized, or corroded connections

Clean relay contact.
Replace
Caution operator to avoid excessi.ye

jogging.
Clean and dress, if necessary, in ac-

cordance with chapter 300 or
manufacturer's instructions.

Find and remedy the cause of the over-
.loads.

Clean and adjust.
Clean and tighten.
Replace contacts and adjust.
Adjust "gap'!.and "wipe".
Correct voltage condition.
Follow manufacturer's instructions.
Instruct operator in correct operation.
Operate manual controllers slower.

Check adtomatic controllers for cor-
rect starting rest...ws and proper
functioning of timing 4.wices
o acceleratin relays.

InstAict operator in correct operation.
Find and remedy- causes of short cir-

cuits. Check feeder fuses for pro-
wl size and replace, if necessary.

See manufacturer's instructions.
Replace.

Replace with flexible conductors suit-
able for application.

Clean and tighten connectiatrit

Coils

Trouble Probable cause . , Remedy

Coil failure:
,(3)4Not overheated . . .

(b) Overheated

Moisture, corrosive atmosphere
Mechanical damage.
Vibration or-shopk daMage
Overvoltage or high ambient temperature
Wrong foil

Too frequent use? or repid jogging
Undervoltagef failure of magnet to seal in

Used above current rating
Loose connections to coil, orcorrosion or oxi-

dation of connection surfaces.
Improper installation

Use correctly insulated coils.
Avoid handling coils by the leads. '
rcure coils properly.
Check current and application.
Use only'the manufacturer's recom

mended coil.
Use correct operating procedure.
Check circuit and correct cause of low.

voltage,
Install correct coil for the application.
Clean and tighten connection.

See manufacturer's instructions.

7.18
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Table 7-1. Troubleshootliw Chart (continued)

linetrie Orehas, sennoid er mow marmed

lieu ids

Wont or broken parts . .

Obtain., owe

Hie 11 ord.. ha Intik, misapplication excess tem-
perature

Falun to hold kod . . . worn pars, out 00 adjure ant. wrung brake
gotta

Came or oil on brake drum
Felon to tat Out of adhistaotat, worn parts

14.41100101 busted
C011 not inerierpriqd

Faders to mina Out of *moment

Coil riot energised
Wrong cod
Coil woe or aliOn circuited
Motor will sot run
Mow Mob

Remedy

Replace parts and refer to technical
manual for correct procedures.

Replace parts with conoctunaterials and
adjust according to technical manual.

Clean thoroughly with approved solvent.
Replace worn parts and adjust in m-

ainline with technical manual.
Clean and adjust.
Check circuit to make sum current is

cut off.
Adjust in accordance with technical

manual.
Check and repair circuit.
Replace with carnet cod.
Replace coil.
Refer to technical manual.
Aline correctly, check bearinp.

Waimea and mealleuled pans

1.010414410 414100 Remedy

Wont or beaten pans.

Nary onipiet

awobro *Mils col

haw to drop ant

Heavy *Amin amid by oar-voltage or wrong
rod

Chattering mead by Woken doffing coil or poor
mum le control cirr...it

Emmons Jewell
Idschanical abuse
Intern *Winced
Ids et faces 004 MIS. rends of mounting stain
Chi or wit on limpet fabe
Lew otter

Isspeover adjunment, megoet overloaded

Henry demmisig mumd by over-vcdteet. magnet
uodsr-leadad. weak tip mum

Gamy aliSIMICOS cm impel faces
Wont bomb.
Plompagnetic gap io limpet deceit
Vokags sot onnevad.
Not emniknoschartical load as ms et. imply-

.. eilbasonsen

Replace rot and correct cause

Replace.
Correct mounting.
Clean.
Check system voltage and correct if

wrong.
Check and adjust according to manu-

facturer's instructions.
Replace coil and correct the cause.

Clem with approved solvent.
Replace.
Replace magnet.
Chick cod voila..
Adjust in accordance with meow

facto:Ws instructioss.

Wes a motor-oontreller system has failed
sad pressing the IITAR I' button will not start
the system, thee press the overload relay reset
pushbuttons and spin attempt to start the motor.
Observe what happens. The system may start and

77.319.1

operatics, is restored, or you hear the controller
power contacts close but the motor will not
start, or the system may be dead. If you hear the
per contacts close, then the POWER circuit
needs to be checked. If the system remain dead

7-19
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Table 7-1. Troubleshooting Chart (continued)

Overload relays

Trouble Probeble roues Remedy

Magnetic, instantaneous
type:
High or low trip

Magnetic, inverse time
delay type:
Slow trip

Thermal type:
Failure to trip

Trips at too low tem-
perature

Failure to reset . . . .

Burning and welding of
control contacts . . . .

Turning relays, flux
decay type:
Too short time

Too long time

Wrong coil
Mechanical binding, dirt, corrosion, etc.
Shorted turns (High trip)
Assembled incorrectly

Wrong calibration

Fluid dirty, gummy, etc
Mechanical binding, corrosion. etc
Worn or broken parts
Fluid too low

Wrong size heater
Mechanical binding, dirt, corrosion, etc
Relay damaged. by a previous short circuit
Wrong size heater

Assembled incorrectly

Wrong calibration
Broken mechanism or worn parts.
Corrosion, dirt, etc.
Short circuits in control circuits with fuses that

are too large.

Dirt in air gap
Shim to thick
Too much spring or tip pressure

Misalinement

Shim worn too thin
Weak spring and tip pressure

Gummy substance on magnet face or mechanical
binding.

Install correct coil.
Clean with approved solvent, adjust.
Test coil, and replace if defective.
Refer to manufacturer's instructions

for correct assembly.
Replace.

Change fluid and fill to correct level.
Clean with approved solvent, adjust.
Replace and adjust.
Drain and refill to correct level.

Install correct size.
Clean with approved solvent and adjust.
Replace.
Install correct size.

See technical manual for correct
assembly.

Replace.
Replace.
Clean and adjust.
Correct causes of short circuits and

make sure that fuses are right size.

Clean.
Replace with thinner shim.
Adjust in accordance with technical

manual.
Correct alinement, and remedy cause

of misalinement.
Replace with thicker shim.
Adjust in accordance with technical

manual.
Clean with approved solvent and adjust.

then the CONTROL circuit will have to be checked.
An example of troubleshooting a motor-controller
electrical system is given in E6 sequence of steps
which may be used in locating a fault (fig. 7-20).
First, we will start by analyzing the power circuit.

POWER CIRCUIT ANALYSIS

When no visual signs of failure can be located
and an electrical failure is indicated in the power

ab-

4

77.319.2

circuit, you mist first check the line voltage and
fuses as shown in figure 7-20. Place the volt-
meter probes on the hot side of the line fuses as
shown at position "A". A line voltage reading
tells you that your voltmeter is operational and
that you have voltage to the source, side of the
line fuses L1-L2. You may also check between
L1-L3 and L2-L3. To check the fuse in line-1,
place the voltmeter across the line fuse as shoWn

7-20122
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77.299
Figure 7- 20. Troubleshooting 3-phase magnetic

line starter.

at position "s" between L1-L2. A voltage reading
shows a good fuse in Ll. Likewise check the
other two fuses between Ll-L3 and L2-L3.
A no-voltage, reading would show a faulty fuse.

If the line fuses check good, then check the
voltage betvieen terminals Ti-T2, T2-T3, and
Tl-T3. The controller is faulty if there aren't
voltmeter readings on all three of the terminal
pairs and you would then proceed to check the
power contacts, overloads, and lead connections

within the controller. However, if voltage is in-
d noted at all three terminals, then the trouble is
eiLler in the motor or lines leading to the motor.

CONTROL CIRCUIT ANALYSIS

Suppose the overload reset buttons have been
reset and the start switch closed. If the power
contacts do not close, then the control circuit
must be checked. A testing procedure follows.

1. Check for voltage at the controller at lines
Ll, L2, L3.

2. Place the voltmeter probes atpoints C and
D (fig. 7-20). You should have a voltage reading
when the STOP switch is closed and have a no-
voltage reading when the STOP switch is open.
The conditions would indicate a good STOP
switch.

3. Next, check the voltage between points C
and E. If you get a no-voltage reading when the
START switch is open and a voltage reading when
the START switch is closed, then the START
switch is good.

4. Place the voltmeter probes at C and F.
A voltage reading with the START button closed
would indicate a good ()L1, but would also indicate
an open OL3, an open relay coil, or an open
connection to line-3.

5. Place the voltmeter probes atpoints C and
G and close the START switch. A no-voltage
reading locates the trouble in the control circuit;
the OL3 is faulty.

A faulty holding relay contact will be indiT
cated when the system operates only as long as
the START pushbutton switch is held in the ON
position but will shut down the system when the
switch is released.

When starting a 3-phase motor-if the motor
fails to start and gives a loud hum, you should
stop the motor by pushing the stop button. These
symptoms usually mean that one of the phases to
the motor is not energized. You can assume that
the control circuit is good since the main operat-
ing coil has operated and the maintaining contacts
are holding the main operating contactor in.
Look for trouble in tae power circuit (the main
contacts, overk ad relays, cable, and motor).

7-2 ,22/



CHAPTER 8

MAINTENANCE AND REPAIR OF MOTORS
AND GENERATORS

The main objective of shipboard preventive
maintenance is the prevention of breakdown,
deterioration, and malfunction of equipment. If
this objective is not realized, however, the
alternative is repairing or replacing the, failed
equipment. By performing preventive maintenance
in accordance with prescribed proCedures, you
can ensure long satisfactory service of the
equipment of the ship's electric plant. Also,
there will be occasions when, despite your best
efforts, corrective action will be required to
restore the electric plant to peak operating
conditions.

This chapter describes maintenance practices and
procedures for preventing casualties to and for
diagnosing, repairing, and testing shipboard electric
motors and generators. Additional information may be
found in chapters 300, 302 and 310 of NAVSHIPS
Technical Manual.

CLEA4ING MOTORS AND GENERATORS

One of your most important jobs is 'to keep
all electrical mac nary clean. Dust, dirt, and
foreign matter (c bon, copper, mica, etc) tend
to block ventilatio ducts and increase resis-
tance to the disci ation of heat, causing local
or general overhe ting. If the particles are
conducting, or for a conducting paste through
the absorption of oisture or oil, the winding
may eventually be hort, circuited or grounded.
Additionally abrasi particles may puncture
insulation, iron du t is particularly harmful
since the dust is ag1t ted by magnetic pulsations.

The acceptable m thods of cleaning motors and
generators involve the use of wiping rags or cloths,
suction, low pressure ai and solvents.

Wiping with a cle , lint free, dry rag (such
as cheesecloth) is e ective, for removing loose
dust or foreign par les from accessible parts
of a machine. When wiping, do not neglect the
end windings, mica one extensions at the com-
mutator of d-c mac nes, slip-ring insulation,
connecting leads and rminals.

The use of suction is preferred to the use
of compressed air for removing abrasive cUst
and particles from inaccessible parts of ma-
chine because it lessens the possibility of damage
to insulation. If 'a vacuum cleaner is not available
for this purpose, a flexible tube attached to
the suction side of a portable blower will make
a suitable vacuum cleaner. Always exhaust the
blower to a suitable sump or overboard. Grit,
iron dust, and copper particles should be removed
only by suction methods whenever possible.

The use of clean, dry, compressed air is
effective in removing dry, loose dust and foreign
particles particularly from inaccessible loca-
tions, such as air vents in the armature punching%
Use air pressure up to 30 pounds per square
inch to blow out motors or generators of 50
horsepower or 50 kilowatts or less; use pressure
up to 75 psi to blow out higher rated machines.
Where air lines carry higher pressure than
is suitable for blowing out a machine, use a
throttling valve to reduce the pressure. Always
blow out any accumulation of water in the air
pipe or hose before turning the air blast on
the machine. Be careful with compressed air
particularly if abrasive particles are present,
since these may be driven into the insulation
and puncture it or be forced beneath insulating
tapes. Compressed air should be used only
after the machine has been opened up on both
ends so as to allow the air and dust to escape.
The use of compressed air will prove of small
benefit if the dust is not suitably removed
from the machine. The most suitable method
is to attach a suction blower to an opening
in the opposite end from the air jet to remove
the dirt-laden air.

The use of solvents for cleaning electrical
equipment should be avoided whenever possible.
However, their use is necessary for removing
grease and pasty substances consisting of oil
and carbon or dirt. Alcohol will injure most
types of insulating varnishes and should not be
used for cleaning electrical equipment. Solvents

8-1
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containing gasoline or benzine must not be
used for cleaning purposes under any circum-
stances nur is carbon tetrachloride used, because
of its extremely high toxicity. Consult Chapter 2
of this training manual for detailed information
on the use of solvents for _leaning electrical
machinery.

Motors, generators, and other electrical equipment
that have been wet with salt water should be flushed out
with fresh water and dryed. Never let the equipment dry
before flushing with fresh water. For complete
information on washing and drying procedures refer to
NAVSHIPS-Technical-Manual Chapter- 300,

BEARINGS

When a shaft is mounted in a device to hold
it during rotation, friction develops at the contact
point of the shaft with the device. Friction
develops heat, and the amount of frictionproduced
in a shaft housing must be reduced to a minimum
to obtain satisfactory performance and longer
life of the shaft. Devices which reduce the amount
of friction produced by shafts in their housings
are called bearings.

The two common types of bearings found
in motors and generators are antifriction bearings
and friction bearings.

ANTIFRICTION BEARINGS

Rolling, antifriction bearings are of two types:
ball and roller bearings. Basically, all rolling
bearings consist of two hardened steel rings,
hardened steel rollers or balls; and separators.
The annular, ring-shaped, ball bearing is the
type of rolling bearing used most extensively
in the construction of electric motors and gen-
erators used by the Navy. This bearing is further
divided into three types dependent upon the
load it is designed to bear (1) radial, (2) angular
contact, and (3) thrust. Examples of those three
bearings are shown in figure 8-1.

The rotating element of an electric motor
or generator may subject a ball bearing to any
one or a combination of three loads radial,
thrust, and angular. Radial loads are the result
of forces applied to the bearing perpendicular
to the shaft; thrust loads are the result of forces
applied to the bearing parallel to the shaft;
and angular loads are the result of a combination
of radial and thrust loads. Because the load
carried by the bearings in electric motors and

RADIAL
ANGULAR
CONTACT THRUST

77.326
Figure 8 -1. Representative types of ball

bearings.

generators is almost entirely due to the weight
of the rotating element, it is apparent that the
method of mounting the unit is a major factor
in determining the type of bearing employed
in its construction. In a vertically mounted unit,
the thrust bearing would be used; while the
radial bearing is common to most horizontal units.
Wear

It is usually not necessary to measure the
air gap on machines with ball bearings because
the construction of the machines is such as
to ensure proper bearing alignment. Additionally,
ball bearing wear of sufficient magnitude as
to be readily detected by air-gap measurements
would be more than enough to cause unsatisfactory
operation of the machine. .

The easiest way of determining the extent
of wear in these bearings is to periodically
feel the bearing housing while the machine is
mining to detect any signs of overheating or
excessive vibration, and to listen to the bearing
for the presence of unusual noise.

Rapid heating of a bearing is indicative of
danger. Bearing temperature may feel uncomfort-
able to the hand and might be a sign of dangerous
overheating, but it is not always so. The bearing
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may be i.,11 right if it has taken an hour or
more to reach that temperature; whereas, serious
trouble can be expected if that same temperature
is reached within the first 10 or 15 minutes
of operation.

The test for excessive vibration relies to
a. great extent on the experience of the person
conducting the test. He should be thoroughly
familiar with the normal vibration of the machine
in order to be able to correctly detect, identify,
and interpret any unusual vibrations. Vibration,
like heat and sound, is easily telegraphed, and
a thorough search is generally' required to
locate its source and to determine its cause.

Ball bearings are inherently more noisy in
normal operation than sleeve bearings (discussed
later) and this fact must be borne in mind
by personnel testing for the presence of abnornial
noise in the bearing. A good method for sound
testing is to place one. end of a .screwdriVer
or steel rod against the bearing housing and
the other end against the ear. If a loud, irregular
grinding, clicking, or scraping noise is heard,
trouble is indicated. As before, the degree of
reliance in the results of this test depends
on the experience of the person conducting
the test.

CheCking the movement of a motor or gen-
erator shaft can also give a good indication
of the amount of bearing wear. In figUre 8-2A,
if the motor shaft has excessive vertical movement
it indicates worn bearings. Figure 8-2B shows
how to get .a rough_ approximation of generator
end-play movement. Excessive movement is cor-
rected with bearing shims.

Lubrication

One cause of motor and generator failure
is overlubrication. Forcing too much grease into

A

73.300
Figure 8- 2. Checking motor or generator shaft.
(A) Vertical movements, (B) end-play movement.

t
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77.68
Figure 8- 3. Grease - lubricated ball bearings.

the bearing housing seals and onto the stationary
windings and rotating parts of the machine
will cause overheating and deterioration of in-
sulation, and eventually results in electrical
grounds and shorts. Overheating will also cause
rapid deterioration of the grease and ultimate
destruction of a bearing. To avoid the results
of overlubrication, add new lubricant only when
necessary.

The frequency with which new grease must
be added depends upon the service of the machine
and the tightness of the housing seals, and should
be determined for each machine by the engineer
officer. A large quantity of grease coming through
the shaft extension end of the housing probably
indicates excessive leakage insidd the machine.

To prevent greasing by personnel in operating
spaces, grease cups are removed from motors
and generators. Pipe plugs are inserted in the
place of the grease cups. The pipe plugs are
replaced temporarily with grease cups during
lubrication (fig. 8-3). (Removable grease cups
should remain in the custody of responsible

8-3
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maintenance personnel.) Make sure the grease
cups are clean. After the grease is added and
before the pipe plugs are replaced, clean the
pipe plugs.

The preferred method of adding grease calls
for disassembly of the bearing housing. Though
not recommended, renewing the bearing grease
without at least partially disassembling the hous-
ing can be tried under certain conditions (given
later).

RENEWAL OF GREASE BY DISASSEMBLING
THE BEA 'SING HOUSINGThe extent of disas-
sembly necessary will depend upon the construc-

-tion-of-the-bearing.-For-the-usual-construction,--
bearings with outer bearing caps should be
disassembled as follows:

Remove the outer bearing cap after thor-
oughly wiping all exterior surfaces.

2. Remove old grease from all accessible
portions of the housing and clean them thoroughly.
Be careful not to introduce dirt or lint into
the housing of the bearing.

3. Flush out the bearing cap with clean
hot (about 120°F) kerosene, diesel fuel oil, or
dry clean fluid. Then flush out with a light
mineral oil (not heavier than SAE 10, similar
to,diesel lubricating oil).

4. Where practical, plug all holes leading
into the interior of the machine and flush out
the complete housing with the outer bearing
cap removed. Use the solvents and procedure
described in the preceding step unless the con-
ditions are such that the cleaning fluids may
leak into the windings. In such cases, omit
this step.

5. Drain the mineral oil thoroughly; then
pack the housing half full with fresh, clean grease.

6. Fill the grease cup with fresh clean grease
and screw it down as far as it will go. KEEP.
THE MACHINE RUNNING CONTINUOUSLY.

7. Repeat step (6) above until clean grease begins,
to emerge from the drain hole.

8. At this point stop putting in grease and
allow the machine to run until no more grease
comes out of the drain hole. THIS STEP IS
VERY IMPORTANT.

9. Clean any drain pipes which have been
removed, and replace.

10. Replace the drain plug.

RENEWAL OF GREASE WITHOUT DISAS-
SEM ?LING THE BEARING HOUSING. Do not try
to add new grease without at least partial dis-
ass,,mbly of the bearing housing unless the
following conditions apply:

1. The machine is horizontal. In vertical
machines, there is no adequate means of pro-
tecting the windings against displaced lubricant.

2. A suitable fitting is provided for admitting
grease. If a grease-gun fitting is provided, it
should be replaced by a grease cup.

3. The drain hole on the bearing housing
is-accessible. nrnln not permit satis-
factory escape of displaced grease, and should
be removed when renewing grease.

4. The machine is run continuously while
renewing grease. If the machine cannot be run
continuously during the greasing period without
injuring the driven auxiliary or endangering
personnel, the bearing housing must be dis-
assembled to renew grease.

If the above conditions apply, renew the grease
in assembled bearing housings by the following
method:

1. Run the machine to warm up the bearings.
2. Wipe any dirt away from the area around

the grease fittings.
3. Remove drain plug and drain pipes from

the drain hole in the bearing housing.
4. With a clean wire, screwdriver, or similar

tool, clear the drain hole of all hardened grease.
5. Remove the grease cup and clear the grease

inlet hole of hardened grease.
6. Pack the grease cup with grease and screw

the grease cup down all the way, while the motor
is running.

7. Repeat step 6 until grease runs out of the drain
hole.

8. Run the motor until the grease stops
running out of the drain hole.

9. Replace the pipe plugs.

OIL-LUBRICATED BALL BEARINGS

Lubrication charts or special instructions
are generally furnished for electric motors and
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generators equipped with oil-lubricated ball
bearings. The oil _level inside_ the bearing-housing-
should be maintained approximately even with the
lowest point of the bearing inner ring. At this level,
there will be enough oil to lubricate the bearing for
its operating period, but not enough to cause
churning or overheating.

One common method by which the oil level is
maintaineo in ball bearings is the wick-fed method.
In this method, the oil is fed from an oil cup to the
inside of the bearing housing through an absorbent
wick, which also filters the oil and prevents leakage
through the cup in the event momentary pressure is
built up within the housing. A typical wick-fed,
oil-lubricated ball bearing is shown in figure 8-4.

GREASE-LUBRICATED BALL- BEARINGS

Ball. bearings which normally operate at a
temperature of, 194°F (90°C) or below should be
lubricated with grease in accordance with Military
Specification MIL-G-18709, Stock Nos.
W9 150-23 5-5544 and W9150-235-5564; 'ball
bearinky. which normally operate at a higher
temperature should be lubricated with a silicone
grease in accordance with Military . Specification
MIL-L-15719A, Stock No. W9150-257-5358. Each
machine requiring the silicone grease has a caution
plate, USE HIGH TEMPERATURE GREASE,
attached near the grease fitting.

Figure 8-4. Wick -fed ball bearings.
77.69
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DOUBLE SHIELDED OR DOUBLE SEALED
BALL BEARINGS SHOULD NEVER BE
DISASSEMBLED OR CLEANED. These bearings
are prelubricated and cleaning will remove the
lubricant from the bearings or at least dilute the
lubricant until it no longer possesses its original
lubricating qualities.

Permanently lubricated ball bearings require no
greasing. Equipment furnished with these bearings
can be recognized by the abseil( 4. of grease fittings
or provision for attaching grease fittings. When
permanently lubricated bearings become
inoperative, they should be replaced with bearings
of the same kind. If not already provided,
nameplates (DO NOT LUBRICATE) should be
attached to the bearing housing of machines with
sealed bearings.

Cleaning Ball Bearings

Open, single-shielded, or single-sealed ball
bearings can be 'cleaned, but only in an emergency
when a suitable replacement is not available. It is
difficult to remove dirt from ball bearings. Unless
carefully done, more dirt may get into the bearings
than is removed.

In cleaning an open, single-shielded, or
single-sealed bearing take the bearing off with a
bearing puller applied to the inner race of the
bearing. Fig. 8-5-A and B shows two types of
bearing pullers, both of which apply the pulling
pressure to the inner race of the bearing. Removal of
bearings by pulling on the outer race tends to make
the balls dent the raceway even when the puller is
used. In case the bearing was subjected to such
extreme temperatures as to distort the race and balls
and cause the race to shrink to P shaft more tightly
than the original fit, do not damage the shaft when
removing the bearing. Use soft centers which are
usually pros ided with a bearing removal kit. If not,
they may be fabricated of soft metal, such as zinc or
brass.

After removal, the bearing should be thoroughly
cleaned. A good cleaner to use is standard solvent or
clean oil. Soak the bearing in the cleaner for as long
as necessary to dislodge dirt or caked grease from
arou-nd balls and separators. After the bearing is
cleaned, wipe it carefully with a dry, lint free cloth.
If compressed air is used for drying, direct the air
stream across the bearing so that the bearing does
not spin. Because dry bearings rust quickly, protect
the bearing at once by coating it with clean,
low-viscosity lubricating oil.
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SHAFT PROTECTOR

1SHAFT

TYPE VII PULLER

73.325A
Figure 8-5-A.Bearing puller removal using split

puller attachment and shaft protector.

. INNER
CAP

SPLIT
SPACER

TYPE I

PULLER

SHAFT

SHAFT
PROTECTOR

73.325B
Figure 8-5-B.Split spacer allows use of cover to

remove inner ring.

Rotate the inner ring slowly by hand, and if the
bearing feels rough, repeat the cleaning. If the
bearing still feels rough when turned slowly by
hand, it is not fit for use, and must be renewed.

Bearing Installation

There are two acceptable methods for installing
bearings: arbor press and heat.

ARBOR PRESS METHOD.When available and
adaptable, an arbor press can be used if proper
precautions are taken. Place a pair of flat steel
blocks under the inner ring or both rings of the
bearing. Never place blocks under the outer ring

only, Then line up the shaft vertically above tile
bearing, and place a soft pad between shaft and
press ram. After ,.raking sure the shaft is started
straight in the bearing, press the shaft into the
bearing until the bearing is flush against the shaft or
housing shoulder. When pressing a bearing onto a
shaft, always apply pressure to the inner ring; when
pressing a bearing into a housing, always apply
pressure to the outer ring.

HEAT METHOD.A bearing can be heated in
an oven or furnace to expand the inner ring for
assembly. This method ensures uniform heating all
around the bearing.

Heat the bearing in an infrared oven or a
temperature-controlled furnace at a temperature not

__to_ exceed 200°F. The bearing should not be left in
the oven or furnace beyond the time necessary to
expand the inner race the desired amount, since
prolonged heating could possibly deteriorate the
grease with which the bearing is prelubricated. The
bearing may also be. heated in oil at 200°F until
expanded, and then it is slipped on the shaft. This
method is not as desirable as the others and should
not be used unless absolutely necessary. The
disadvantages of the hot-oil method are the lack of
temperature controls and increased chances of
enlarging the bearing, deteriorating the grease or
contaminating the grease by use of dirty oil.

Additional methods of bearing installation are
explained in NAVSHIPS Technical Manual, Chapter
244.

FRICTION BEARINGS

Friction bearings are of three types: RIGHT
LINE (motion is parallel to the elements of a sliding
surface), JOURNAL (two machine parts rotate
relative to each other), and THRUST (any force
acting in the direction of the shaft axis is taken up).
Turbine-driven ship's service generators and
propulsion generators and motors are equipped with
journal bearings, commonly called SLEEVE
bearings. The bearings may be made of bronze,
babbitt, or steel-backed babbitt. Preventive
maintenance of sleeve bearings requires periodic
inspections of bearing wear and lubrication.

Wear

Propulsion generators, motors, and large ship ser-
vice generators are sometimes provided with a gage
for meavning bearing wear. Bearing wear on a sleeve

2,2
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OIL SLINGIN
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the bearing. Thermometers are usually inserted in the
lubricating oil discharge line from the bearing as a means
of visually indicating the temperature of the oil as it
leaves the bearing. Thermometer readings are taken
hourly on running machinery by operating personnel.
However, a large ,number of bearing c4sualties have
occurred in which no temperature rise was detected in
thermometer readings, and, in some cases, discharge oil
temperature has actually decreased. Therefore, after
checking the temperature at the thermometer, a

OILIN follow-pp check, should be made by feeling the bearing
NINO housing ,whenever possible. Operating personnel must

thoroughly familiarize themselves with the normal
operating temperature of each bearing so that they will

OIL be able to recognize any sudden or sharp changes in
IIISINVOM bearing-oil temperature. Many large generators are

__provided with hearing_temperature alarm contactors

77.289
Figure 8-8. -Lamm of an oil-ring lubricated

bearinv

bearing machine not provided with a bearing gage can, be
obtained by measuring the air gap at each end of the
machine with a machinist's tapered feeler gage. Use a
blade long enough to reach into the air gap without
removing the end brackets of the machine. Before
making the measurements, clean the varnish from a spot
on a pole or tooth of the rotor. A spot should also be
cleaned at the same relative position on each field pole
of, a. d-c machine. For a-c machines, clean at least three
and preferably four or more spots spaced at equal

. intervals around the circumference on the stator. Take
the air gap measurement between a cleaned spot on the
rotor and a cleaned spot on the stator, turning the rotor
to bring the cleaned spot of the rotor in alignment with
the cleaned spots on the stator. Compare these readings
with the tolerance stated by the manufacturer's
instruction book.

Oil Rings And Bearings Surfaces

An opening is provided in the top of \ the
bearing for checking the condition of the
rings and bearing surfaces (lig, 8-6). Periodi
inspections are necessary to make certain that
the oil ring is rotating freely when the machine
is runnIng and is not sticking due to the motion
of the ship. With the machine stopped, the
bearing atriums should be inspected for any
signs of pitting or scoring.

Trouble Analysis

The earliest indication of sleeve bearing malfunction
normally is an increase in the operating temperature of

which are incorporated in the ship's alarm systems The
contactor is preset to provide an alarm when the bearing
temperature exceeds a value detrimental to bearing life.
If bearing malfunction is indicated, the affected
machinery should be secured as soon as possible. A
motor with overheated sleeye bearings should be
unloaded, if possible, without. stopping the motor. If
stopped immediately, the bearing may seize. The best
way to limit bearing damage is to keep the motor
running at a light load and supply plenty of cool, clean
oil until the bearing cools down.

Because the permissible operating tempera-
ture, is often too high to be estimated by the-
sense of touch, it is neoessary to take temperature
measurements to determine whether a bearing

1 is overheated. A thermometer securely fastened
to the bearing cover or housing will usually
give satisfactory bearing temperature measure-
ments on machines not equipped with bearing
temperature measuring devices. A thermometer
should not be inserted into a bearing housing;
it may break and necessitate disassembly to
remove glass and mercury.

Any unusual noise in operating machinery
may also indicate bearing malfunction. Whenever
a strange noise is heard in the vicinity of
operating machinery, a thorough inspection must
,be madt, to determine its , cause. Excessive
vibration will occur in operating machinery
with faulty bearings, and inspections should be
made at frequent intervals in order to detect
its presence as soon as possible.

8-7

BRUSHES

The brushes used in electric motors and
generators are one or more plates of oarbon,

298
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Figure 8-7, Brush holder and brush-rigging assembly.

bearing against a commutator, or collector ring
(slip ring) to provide a passage for electrical
current to an external circuit. The brushes
are held in position by brush holders mounted
on studs or brackets attached to the brush-
mounting ring, or yoke. The brush holder studs
or brackets and brush-mounting ring comprise
the brush rigging. The brush rigging is insulated
from, but attached to, the frame or one end
bell of the machine. Flexible leads (pigtails)
are used to connect the brushes to the termi-
nals of the external circuit. An adjustable spring

77.70

is generally provided to maintain proper pres-
sure of the brush on the commutator in order
to effect good commutation. A d-o generator
brush holder and brush-rigging assembly are
shown in figure S-7.

Brushes are manufactured in different grades
to meet the requirements of the varied types
of service. The properties of resistance, ampere-
carrying capacity, coefficient of friction, and
hardness of the brush are determined by the
maximum allowable speed and load of the machine
in which it is used.

8.8,229
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CORRECT BRUSH TYPE

The correct grade of brush and correct brush
adjustment are necessary to avoid commutation
trouble.

Use the grade of brush shown on the drawing
or !n the technical manual applicable to the
machine, except where Naval Sea Systems Com-
mand Instructions issued after the date of the
drawing or technical manual (such as the in-
structions for brushes to be used iu electric
propulsion and magnetic minesweeping equipment)
state otherwise. In such cases, the Naval Sea
Systems Command Instructions 'should be fol-
lowed. Most of the brushes in shipboard service
appear on the Qualified Products List as com-
plying with one of six military grades (S, A, H,

and_E),Ia _the_case of propulsion and
magnetic minesweeping equipment, only one grade
of each of two different brush manufacturers
is permitted for any machine. The restriction
on brush interchangeability is due to the vital
nature of the machines involved.

CARE

All brush shunts should be securely connected
to the brushes and the brush holders. Brushes
should move freely in their holders but should
not be loose enough to vibrate in the holder.
Before replacing a worn brush with a new one,
Olean all dirt and other foreign material from
the brush holder.

Replace with new brushes, all brushes that
1. are worn or chipped so they will not move

properly in their holders;

2. have damaged shunts, shunt connections,
or hammer clips;

3. have riveted connections or hammer clips
and are worn to within 1/8 inch of the metallic
part;

. 4. have tamped connections, are without ham-
mer clips, and are worn to one-half or less
of the original length of the brush; or

5. have spring-enclosed shunts and are worn
to forty percent or less of the original length
of the brush exclusive of the head which fits
into one end of the spring.

Where adjustable brush springs are of the
positive gradient (torsion, tension, or compres-
sion) type, adjust them as the brushes vAar,
in order to keep the brush pressure appioxi-
mately constant. Springs of the coiled band,
constant pressure type and certain springs of the
positive giadient type are not adjustable except
by changing springs. Brush pressure should be
in accordance with the manufacturer's technical
manual. Pressures as low as 1-1/2 pounds
per square inch of contact area may be speci-
fied for large machines and as high as 8 Pounds
per square inch of contact area may be specified
for small machines. Where technical manuals
are not available, a pressure of 2 to 2-1/2
pounds per square inch of contact area is recom-
mended for integral horsepower (and integral
kilowatt machines, and about twice that pressure
for fractional horsepoWer and fractional kilowatt
machines. To measure the pressure of brushes
operating in box type brush holders, insert one

--end-- of- a strip of paper between the brush and
commutator; use a small bruih tension. gage
(such as the 0 to 5 pound indicating scale)
to exert a pull on the brush in the direction
of brush holder axis as shown in figure 8-8.

8-9

SPRING BALANCE

PIGTAIL LEAD

SPRING

BRUSH

TAKE SPRING READING
WHEN SLIP OP PAPBR
MAY BE DRAWN PROM.
BETWEEN BRUSH AND
COMMUTATOR

COMMUTATOR OR
COLLECTOR RING

77.72
Figure 8-8.Measuring brush tension.
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Note the reading of the gage when the pull is
just sufficient to release the strip of paper
so that it can be pulled out from between the
brush and commutator without offering resis-
tance. This reading divided by the contact area
may be considered to . be the unit operating
pressure.

The toes of all brushes of each brush stud
should line up with each other and with the
edge of one commutator segment.

The brushes should be evenly spaced around
the commutator. To check brush spacing, wrap a
'rip of paper around the commutator and mark
the paper where the paper laps. Remove the
paper from the commutator, cut at the lap, and
fold or mark the paper into a many equal parts
as there are brush studs.. Replace the paper
on the commutator and adjust the brush holders
so that the toes of the brushes are at the creases
or marks.

All brush holders should be the same distance
from the comm_ utator, not more than one-eighth
inch, nor less than one-sixteenth_inch; &brush
holder mud be free of all burrs which might
interfere with the free movement of the brush
in the holder. Burrs are easily removed with
a fine file.

SEATING

Accurate seating of the brushes must be
assured where their surfaces contact the com-
mutator. Sandpaper and a brush seater are the
best tools to accomplish a true seat.

All power must be disconnected from the
machine, _and_. every precaution must be taken
to ensure that the machine will not be inad-
vertently started before using sandpaper to seat
the brushes.

The brushes to be fitted are lifted, and a
strip of fine sandpaper (No. 1) approximately
the width of the commutator, is inserted (sand
side up) between The brushes andthe commutator.
With the sandpaper held tightly against the com-
mutator surface to conform with the curvature
and the brushes held down by normal spring
pressure, the sandpaper is pulled in the direction
of normal rotation of the machine (fig. 8-9).
When returning the sandpaper for another pull,
the brushes must be lifted. This operation is
repeated until the seat of the brush is accurate.
Always finish with a finer grade of sandpaper,
No. 0. A vacuum is required for removing"dust

BRUSH

ROUGH

SIDE OF
SANDPAPER

END VIEW SIDE VIEW

1.52
Figure 8- 9. Method of sanding brushes.

while sanding. After sanding, the commutator
and windings must be thoroughly cleaned to
rem_ ove all carbon dust.

The use of-a brush_ seater will improve the
fit obtained by sanding an---desoribek_above.
A brush seater consists of a mildly abrasive-- -
material loosely bonded into a stick about 5
inches long. To use a brush seater to fit -)rushes,
install the brushes in the brush holders and
start the machine. Press a brush securely
against the commutator by using a stick of
insulating material or by increasing the brush
spring, tension to its maximum value. Touch
the brush seater lightly to the commutator exactly
at the heel of the brush (fig. 8-10) so that

BRUSH

BRUSH
HOLDER

8-10' 231

BRUSH
SEATER

HEEL

COMMUTATOR OR
'COLLECTOR RING

TOE

DIRECTION
OF ROTATION

1.53
Figure 8-10. Using the brush seater.
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S.

abrasive aterial' torn from the brush seater
will be arried under the ,brush, If the seater
is pla d even one-fourth inch away from the
heel of the brush, only a small part of the
abrasive passes under the brush. The brush
seater mist be held in turn behind each brush,
applying the seater for a sec?nd of two de-
pending on brush size. Do not hold the neater
steadily against the commutator as the seater
will wear away too rapidly and produde too
much dust. After seating one or tvio aqushes,
examine them to see if the seater being
applied long enough to give a full seat. After
seating the brush, if white dust is plainly visible
on the seat, insufficient piessure has been
applied to the brush or the brush seater has
been applied too heavily or too far from the
brush. Also, be careful not to remove the copper
oxide film from the commutator surface. This
film, if removed, must be restored as described
later in !pis chapter.

A vacuum cleaner should be used during the
seating operation to prevent dust from reaching
the machine windings and bearings. After seating
all the brushes, blow out the machine with a
power blower or completely dry compressed
air or clean thorcughly with a vacuum cleaner.

STICK 1/4 T03/8
INCH. THICK

A CANVAS WIPER

it USING THE CANVAS WIPER ON A COMMUTATOR

1.54
Figure 8- 11. Cleaning commutator or collector

rings.
--COMMUTATORS AND COLLECtOR RINGS

After being used approximately two weeks,
the commutator of a machine -slould_develop a
uniform, glazed, dark brown color on the Places
where the brushes ride. If a nonuniform or
bluish colored surface appears, improper com-
mutation conditions are indicated. Periodic in-
spections and proper cleaning practices will
keep commutator and collector-ring troubles
at a minimum.

Cleaning

One of the most effective ways of cleaning
the commutator or collector rings is to apply
a canvas wiper while the machine is running.
The wiper can be made by wrapping several
layers of closely, woven canvas over the end
of a strong stick between one-fourth, and three-
eighths inch thick, (fig. 8-11A). The canvas may
be secured with rivets if they, in turn, are
codered With linen tape to prevent the possibility
of their contacting the commutator. When the
outer layer of canvas becoines worn or dirty,

it is ovin ed to expose a 'clean layer. The -1rt.
wiper is most effective when used frequently.
On ship's service generators, it may be de-
sirable to use the. %tip r once r.. vatch. When
using the_ wiper, exer ise cai F. keep from
fouling moving parts of the machine. The manner'
of applying the wiper to a commutator is il-

8-11

lustrated in figure 8-11B.
When machines are secured, a toothbrush

car. be used to 'Clean out the commutator slots,
and cleat canvas or tintless cloth may be used
for wiping the commutator and adjacent parts.
In addition to being cleaned by wiping, the coin-
mutator' should be periodically cleaned with a
vacuum cleaner or blown out with clean, dry air.

Lo not sandpaper -a commutator if it is
operating well, even if long service has developed

_Fa

threading, grooving, pits, burn areas beWeen
bars, longitudinal irregularities, etc, unless
sparking is occurring or brushes are waxing
excessively. In sanding a commutator, use a
fine grade of sandpaper (No. 0000 preferred,'
"it in no case coarser than No. 00): Sand-
papering may also be used to make emergency

-232.
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sedecelon of high mice, or to polish finish a
areemstator which has been stoned or turned.
The sweeper, attached to a wooden block
shaped to tit the curvature of the oommutator,
Is moved slowly book and forth across the ou-
twit al the oommutator while the machine is
modal' at moderate speed. Rapid movement or
tar vie of oases sandpiper will osuss scratches.
Emery cloth, emery paper, or emery stone
should never be used on a commutator or col-
lector ring duos there Is too much danger of
camels' electrical shorts.

TRUING THE COMMUTATOR

A commutator should be trued In place only
II its condition has bwome so bad It cannot
watt until the next shop overhaul for reconcli-
Hoeing. Large commutators in the 12S.. to 850.
rpm range, as fitted on most electric) propulsion
motors and generators, usually operate setts-
taolortly with rwouts up to 0.003 Inch. Under
no ooedltions, should you attempt to true a
oommutator Is plow unless there is sparking,
swessIve brush wear, or brush movement auf-
Dotal to fray the brush pigtails and wear the
hammer plates. Do not confuse brush chatter
with brush movement by runout.

Sandpaper! aagg will not correct flat spots,
grooves, eccentricity, or out of round. You own
oorreot some or all of these conditions by
machine or hand stoning, by turning on a litho,
or by grinding with a rigidly supported stationary
or revolving stone. There are a number of
grades of commutator stone, from very coarse
to very fine, that can be used for hand stoning
or grinding with a rigidly supported stone.
Use tar finest stone that will do the job in a
reasonable time. Do not use °oarse stones
as they WO to produce scratches which are
hard to roam% le turning or grinding a oorn-
mulator, it Is essential that the out be strictly
parallel with the aids of the machine; otherwise,
a taper on the commutator will result,

Do not disturb the commutator clamping
bolts unless the bars are loose (one or more
high bars). Then use a calibrated tore wrench
sad tighten only to the values specified by the
manufacturer. /or propulsion mn'ors and gen-
erators, these values are available In the Naval
Sea System, Command. Make all other modes
repairs, such as balancing, rebrasing armature
mambos% and repairing Insulation faults prior
to truing the commutator,

After the commutator is trued (whether by
stoning, grinding, or turning), finish with a
fine grade of stone or sandpaper, undercut the
mica, chamfer tie oommutear bars, clean the
commutator and brush bol:ers, and wipe off
the brushes with a clean, dry Unties!' cloth.

Hand Stoning

Hand stoning will remove flat spots, grooves, scoring
and deep scratches but will not correct eccentricity,
high bars, or an out-ofround condition. The machine
should be running at. or slightly below, rated speed.
Generators can normally be turned by their prime
movers. However, some generator. and motors must be
turned by a pneumatic or other prune mover.

The stone should be formed or worn to the
t,iry +tun of the commutator and should have a surface
mu. r, larger than the largest flat spot to be removed.

>tone is held in the hand and moved very slowly
back and forth parallel to the axis of the commutator.
Do not press too hard on the stone, Just enough to keep
it cutting. Being hasty or crowding the stone results in a
rough surface, and sometimes a noncylindrical-shaped
commutator. Avoid Jamming the stone between the
fixed and moving parts of the machine.

Machine Stoning

Stoning should be done by machine to correct
eccentricity, high bars, or an out -of round condition. In
one method of machine stoning a commutator dressing
stone tool (fig. 5.12) Is mounted on the frame of the
machine end holds a commutator stone spinet the
commutator as the armature is rotated. This method
works for some of the Wigs open and dripproof
machines. Otherwise, the armature may be removed
from INCi machine and mounted In a lathe when it is
rotatad. Hers the commutator stone Is mounted In the
tool port and fed to the commutator, or a
rotating precision grinder is mounted in the tool
post and the grinder wheel Is fed to the can-
ny

/finding

When practical, the armature should be re-
moved from the machine and placed in a lathe
for grinding, U not, tie oommutator off, be

ti I 2

2,13



Chapter 8MAINTENANCE AND REPAIR OF MOTORS AND GENERATORS
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Figure 8 -12. Commutator dressing stone tool.

ground in the machine provided there is not
too much vibration, the windings can be adequately
protected from grit, and suitable supports can
be found for the stone.

When grinding the oommutatir in the machine,
rotate the armature, by using an external prime
mover or, In the ease of a motor, by supplying
power through just enough brushoff, to take care
of the load. Old brushes may be used for this
purpose since they should be discarded after
grinding. Whenever grinding is done in a motor,
take oars to avoid electric shook and fouling

8.13

73.227X

of any of the equipment used with the moving
parts of the motor.

When used, a commutator surface stone should
be rigidly clamped In a holder and supported
to keep the stone from chattering or digging
into the commutator. The supports must provide
for 'axial motion of the stone. Heavy outs must
be avoided since the stone wears away as it
is moved book and forth. If a heavy out were
taken, the commutator would not have the same
diameter at both ends. Commutator surfacing
stones with tool post handles are carried in

2 I
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77.74
Figure 8-13.-Truing a commutator by turning.

stock in various sizes and grades (fine, medium,
coarse, etc) in the Navy Supply System.

In truing a commutator with a rotating GRINDER,
use a medium soft wheel so that the face will not fill up
with copper too rapidly. Even if the commutator is
badly distorted, use a light cut and take as many as
needed. If a heavy cut is used, the commutator may be
ground to a noncylindrical shape although initial
eccentricity may be retained because of the elasticity of
the support. The speed of the wheel should be that
recommended by the manufacturer. The speed of the
commutator should be one-half to three-fourths normal
speed until most of the eccentricity has been removed.
After this, the commutator should be rotated at
approxiidately normal speed..______

Lathe Turning

When overhauling an armature in the shop,
true its commutator by supporting it in a lathe,
turning*, and cutting (figure 8 -13). First make
sure the armature shaft is straight and in good
condition. With a diamond point tool, cut only
enough material to true the commutator. This
tool should be rounded sufficiently so that the
outs will overlap and not leave a rough thread

on the commutator. The proper cutting speed
is about 100 feet per minute and the feed should
be about 0.010 inch per revolution. The depth
of cut should be not more than 0.010 inch.°
The reasons for a light cut are the same as
those for grinding. In ,addition, when you take
a heavy cut the turning tool tends to twist the
commutator bars and cut deeper at one end
than at the other. Do not remove small pits,
burn spots between bars, or other mechanical
imperfections in the bars unless they interfere
with the free sliding of the brushes.

After turning the commutator, finish it with
a hand stone and sandpaper. If balancing equip-
ment is available, the entire rotating assembly
should be balanced before it is reinstalled in
the machine.

RESTORING THE COMMUTATOR FILM

After the oxide film has been removed from
the commutator surface by sandpapering, stoning,
grinding, or turning, it is necessary to restore
the film before the machine is operated at or
near full load.

Prior to passing any current through the
commutator, the surface should be mechanically
smooth and any sharp edges or slivers on the
bar edges should be removed by a hand-beveling
tool. If there are noticeable scratches or rough-
ness, the commutator should be burnished by
very fine sandpaper (no coarser than No. 0000)
or by a commercial burnishing stone (Military
Specification MIL-S-17346), After burnishing,
carefully brush any debris from between the
commutator bars. Before reinstalling a shop-
overhauled armature in its motor or generator,
make sure the commutator surface is smooth,
the bar edges are leveled, and the spaces between
bars are clean.

Any commutator which has been resurfaced
should undergo a seasoning process to restore
its oxide film prior to being operated at or near
full load. Start with a 25 percent load and operate
for 4 hours. Then increase the load by 10 percent
increments every hour until full load is reached.
To get the machine on full load in the minimum
time, run at 25 percent load for 3 hours and
then increase the load by 15 percent every
hour until full load is reached. The shorter
seasoning period is not recommended unless
the machine ip urgently needed.

8.14 231
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2.87
Figure 8- 14. Undercutting commutator mica

with undercutter.

UNDERCUTTING MICA

High mica or feather-edged mina may cause
sparking, a rough or uneven commutator surface,
streaking or threading, or other difficulties.
Rough o;.. .uneven commutator surfaces may also
be caused by failure to chamfer the commutator
segments after undercutting. Tools are available
for undercutting, chamfering, and smoothing blot
edges. Figure 8-14 shows a rotary, motor-
driven tool for undercutting mica. The rotary
cutters are either U or V-shaped. U-slots will
give long wear and are best suited to slow
speed machines or machines which operate in
a dean atmosphere and require little main-
tenance. V-slots, which are more quiet than
U-slots, are better where dirt and dust are
present. The proper thickness for a U-shaped
cutter is equal to the thickness of the mica
plus or minus 0.001 inch. In general, it is best
not to out U-shaped slots deeper than 1/32 or
at most 3/84 inch. V-shaped slots are out to
a depth which will remove some copper at
the top.

If a mica undercutter is not available, use
handtools to cut the mica as shown in figure 8-15.
Do not use a lubricant, Also, do not widen the
commutator slots by removing metal from the
bars, nor leave a thin edge of mica next to
the bars.

After removing the high mica, smooth off
all burrs. Then polish the commutator and test.

Figure 8-16 shows examples of good and poor
undercutting.

INSPECTING ARMATURES,
ROTORS, AND WINDINGS

Preventive maintenance of an armature, rotor, or
winding consists mainly of periodic inspections and tests
to determine its condition and proper cleaning practices
to preserve insulation.

ARMATURES

Frequent checks must be made of the condition
of the banding wire that holds down the 0 idings
of the, d-c armature to see that the wires are
tight, undamaged, and have not shifted. At the
same time, the clips securing the wires should
be checked to see if solder has loosened.

Some armature troubles may be detected
while making inspections of running machines.
Heat and the odor of burning insulation may
indicate a short-circuited armature coil, In a
coil that has some turns shorted, the resistance
of one turn of the coil will be very low, and the
voltage generated in that turn will cause a high-
current flow, resulting in excessive heating,
which will cause the insulation to burn. If the
armature is readily accessible, the short-
circuited coil can be detected immediately after
stopping the machine because the shorted coil
will be much hotter than the others, In idle
machines, a short - circuited coil may be identified
by the presence of charred insulation.

An open armature coil in a running machine
is indicated by a bright spark, which appears

COMMUTATOR COMMUTATOR

START GROOVE IN MICA
WITH 3 CORNERED PILE

UNDERCUT MICA WITH PIECE
OP HACKSAW SLADE

2.88
Figure 8 -16. Undercutting mica with a hacksaw

blade.
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Figure 8-16. Example of good and poor mina undercutting.

to pass completely around the commutator. When
the segment to which the coil is oonneotedpasses
under the brushes, the brushes momentarily
complete the oirouit; when the segment leaves
the brushes, the oirouit is broken, causing a
spark to jump the gap. Eventually, it will defi-
nitely locate itself by scarring the commutator
segment to which one end of the open, coil
is connected.

When a ground occurs in an armature coil
of a running machine, it will cause the ground
test lamps on the main switchboard to flicker
on and off as the grounded coil ,segment passes
from brush to brush during rotation of the
*nature. Two grounded coils result in the
safile effect as a short oirouit across a group
of coils. Overheating will occur in all of ne
coils in the group and burn out the winding.
Grounded coils in idle machines can be detected
by measuring insulation resistance. A megger,
or similar insulation measuring device can be
connected to the commutator and to the shaft

2.89

or frame of the machine in order to properly
measure the resistance of the insulation of
the coils.

Emergency repairs can be effected by cutting
out a short - circuited or open-oirouited armature
coil. This will permit restoration of the machine
to service until permanent repairs can be made.
However, permanent repairs should be made
as soon as, possible. The coil is out 'out by
disconnecting both ends of the coil and installing
a jumper between the two risers from which
the coil was disconnected. The coil itself is
then out at both the front and rear of the arma-
ture to prevent overheating of the damaged
coil. A continuity test from one end to the back
of the coil will locate the turns of the faulty
coil. U a pin or needle is used to puncture
the insulation for this test, insulating varnish
can be used to fill the tiny hole in the event
the wrong coil is pierced. All conducting sur-
faces exposed by the change in connections

2 'JP/8-16
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should be insulated and all loose ends should
be tied securely to prevent vibration.

A-C ROTORS

Basically, the rotor of an a-c motor is a
squirrel cage rotor or a wound rotor. The
squirrel cage rotor usually consists of heavy
copper or aluminum bars fitted into slots in
the rotor frame. These bars are connected
to short-circuiting end rings by being oast or
brazed or welded together (fig. 8-17). In many
oases, the cage rotor is manufactured by die-

-ThastIng the rotor bars, end rings, and cooling
fans into one piece. The cage rotor requires less
attention than the wound rotor. However, the
cage rotor should be kept clean, and the rotor
bars must be checked periodidally for evidence
of loose or fractured bars and localized over-
heating.,

Wound rotors (fig. 8-18) consist of wound
coils insulated from each other and layed in
slots in the rotor core. These coils are wye-
connected and terminate at three slip rings.

Wound rotors, like other windings, require
periodic inspections, tests, and cleaning. The
insulation resistance determines if grounds are
present. An open circuit in a wound rotor may

IRON CORE

ENO VIEW

Figure 8-17. Squirrel

WELD HOLDING
COPPER BAR TO
END RING

COPPER
ENO RINGS

cage
77.77(77C)

rotor.

I

Figure 8-18.Wound rotor.
77.78

ause reduced torque accompanied by a growling
noise, or failure to start under, load. In addition
to reduced torque, a short circuit in the rotor
windings may cause excessive vibration, sparking
at the brushes, and uneven collector ring wear.
With the brushes removed from the collector
rings, a continuity check of the rotor coils
will reveal the presence of a faulty coil.

FIELD COILS

The insulation of the field coils should be tested
periodically with a resistance-measuring device. If a,
ground is detected in the field circuits (shunt, series, and
interpole) of a d-c machine, the, circuits must be
disconnected from each other and tested separately to
locate the grounded circuit. Then all the coils in that
circuit must be opened and tested separately to locate
the grounded coil, which can then be repaired or
replaced as necessary.

If an open circuit develops in the field windings of
an a-c or d-c generator that is carrying a load, it will be
indicated by the immediate loss of load and voltage. An
open in the shunt field winding of an operating d-c
motor may be indicated by an increase in motor speed,
excessive armature current, heavy sparking, or stalling of
the motor. When an open occurs in the field circuit of a
machine, it must be secured immediately and examined
to locate the faulty circuit. The open circuit will usually
occur at the connections between the coils and can be
detected by visual inspection. An open in the coils
generally causes enough damage to permit detection by
visual inspection.
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It should be noted that the opening of an
energized field circuit induces high voltage that
can puncture field insulation and could present
a safety hazard.

A-C STATOR COILS

A-o stator windings requiro the same careful
attention as other electrical windings. For a
machine to function properly, the stator windings
must be free from grounds, short circuits,
and open circuits.

A short circuit in the stator of an a-c machine
will produce smoke, flame, or the odor of
charred insulation. The machine must be secured
immediately and tests conducted to find the
reason for the abnormal condition.

The first and easiest test that should be conducted is
to test the insulation resistance of the winding. This test
is made with a megohmmeter or similar
resistancemeasuring instrument. Connect one
instrument lead to ground and the other to each motor
lead, crank the meter handle and read the scale on the
hr.:ter face. If the insulation resistance is in the Kder of
one ..iegohm or above, the stator is not grounded and
other tests should be made to locate the trouble.

Next test for continuity with an ohmmeter
by connecting the test leads to any two motor
leads and then to the next two leads, until all
leads have been tested for continuity between
each other. Whether the motor is wye or delta-
connected you should get nearly zero indication
on the ohmmeter between any two leads. A high
resistance reading between any two leads is a
good indication of an open phase winding.

For your next check, determine whether or not
there are any mechanical difficulties, such as frozen
bearings or a frozen pump. First disconnect the motor
from the driven unit. Spin the motor shaft to see if it is
free to turn. Then check the driven end for freedom of
movement. If the, driven end is frozen you need check
no further. Inform the maintenance person responsible
for the driven end of your findings.

If the stator windings are burned out or
opened, the motor must be disassembled. The
proper procedure for disassembly is given later
in this chapter.

A visual inspeotion of the stator will usually
reveal where the trouble lies. If the stator is
burned out, it must be rewound. If just one
phase is open, however, it is possible to effect
an emergency repair by carefully soldering the

opened leads back together. Be extra 'careful
in soldering these leads as further damage could
result if they are inadvertently shorted. After
accomplishing this emergency repair, test the
stator winding with low voltage to check the
phase balance.

DISASSEMBLY AND REASSEMBLY
OF MOTORS AND GENERATORS

When it becomes necessary to disassemble
and reassemble a large motor or generator,
follow the procedures outlined in the manufac-
turer's instruction book, exercising care to
prevent damage to any part of the machine.
The Machine rotors should. be supported, while
being moved or when stationary, by slings or
blocking under the shaft or by a padded cradle
or thickly folded canvas under the core lamina-
tions. To lift the rotor, rope slings (separated
by a- spreader to prevent the slings coming
in contact with the a-c rotor or d-o armature
coils) should be placed under the shaft, clear
of the bearing journals. If construction of the
shaft provides no room for a sling except around
the journals, they must be protected with heavy
paper or oarivas before applying the sling, When
the whole unit (stator and rotor) is to be lifted
by lifting the stator, the bottom of the air
gap must be tightly shimmed unless both ends
of the shaft are supported in bearings. It is
easily possible, by rough handling or careless
use of bars or hooks, to do more damage to
a machine during disassembly and assembly
than it will receive in years of nOrmal service.

Never be hasty or careless in disassembling
a generator or motor. Handle the delicate compo-
nents with care, so as not to damage them,
or to create the need for additional adjustment.
Use the proper tools; label the parts as you
dismantle them, and store them in an orderly
arrangement in a safe place. Note down the
necessary information so that you will have
no trouble in reassembly.

If you have done a careful job of breaking
down it machine into its components, the process
of reassembling it should be the reverse order
of taking it down.

A few simple steps are to be taken yihen
disassembling a motor or generator. Mal sure
you mark the frame and mating end bells (fig.
8-19), using a different mark for each end,
When separating the end bells from the frame
use a mallet or block of wood with a hammer
(fig. 8-20) but never pry mating surfaces apart

84E39
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73.223
Figure 8-19.Marking a motor frame and end

bell.

with a metal object, such as, a screwdriver.
To prevent damaging the brushes, lift them

- from the commutator and/or slip rings (if pre sent)
before removing the rotor. Protect the windings,
when necessary, by inserting thin strips of
wax paper between rotor and stator.

When removing beirings, an arbor press can
be used if proper precautions are taken. Plane
a pair of flat steel blocks under the inner ring
or both rings of the bearing. Never place blocks

'1.4under the outer ring only. n line up the
shaft vertically above the bea Inge and place
a soft pad between shaft and pr es ram. After
making sure the shaft is started straight in the
bearing, press the shaft into the bearing until
the bearing is flush against the shoulder of
the shaft, A gear puller may be used to remove
a rotor bearings However, be careful.

Never remove the bearings unless they are
in poor condition, or unless they must be removed
to allow for removal of the end bells. If you
are taking off a ball bearing, and plan to use
it again, be careful to apply pressure to the
inner race only. If pressure has been applied

73.223,2
Figure 8-20, Parting end bells with a hammer

and wood block,

to the outer race, you will have to discard
the bearing.

Never use a cleaning solvent on a sealed or
a semisealed ball bear .ng. Store these bearings
in a clean piece of waxed papir, till you are
ready to use them.

Clean the end be, i with a brush and an
approved solvent. Check them for cracks, burrs,
nicks, and excessive paint, as well as for dirt.

AI..le TURE fFs" OW AND REPAIRING

An armatur t,ozzch tested for grounds,
opens, and slicrts at disassembly in order to
help determine a d-c.mctor or generator failure,
and if repairs are required.

Locating armature grounds (fig. 8-21) may
be done with a test lamp, an ohmmeter, or a
growler (if it is equipped with test probes and
a meter). The d-c armature is checked for
grounds by placing one probe on the armature
shaft and the other probe on successive bars
of the commutator until all commutator segments
are checked.

8-19
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I

2.92
,Figure 8- 21. Testing armature for grounds.
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2.90
Figure 8- 23. Checking armature shorts with

growler.

Armature opens may be determined with test
equipment having test probes to make commutator
bar-to-bar contact around the armature (fig.
8-22). Test equipment may be an incandescent
lamp with a low voltage source, a low reading
ohmmeter, a, milliammeter with a rheostat and
a 6-volt battery, or a growler.

An armature coil internally shorted within itself is
determined with a growler. The external growler (fig.
8-23 and 8-24) is plugged into a I 20-volt, 60-hertz
power supply and switched to ON position. A hacksaw
blade is held parallel to the windings and run across the
top of the armature. The armature is continually rotated
in the growler and the hacksaw blade test made until the
complete armature has been checked. If a short exists in
the winding below the hacksaw blade, the blade will
vibrate noticeably and will cause a chattering noise.

2.93 Larger armatures, which do not fit in an external
Figure 8-22. Testing armature coils for open growler, may be checked by moving an internal growler

circuit. over the outside surface of the armature. Internal

8-242 4 1
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2.92.2(77C)
Figure 8-24. External growler construction.

growlers are used primarily to check stator windings and
are covered later under three-phase stator repair.

Armature commutators should not be outmof-
round more than one mil (.001 inch). A dial
indicator is used to give commutator radius

. checks (figure 8-25).

TYPES OF ARMATURE WINDINGS

You must be able to identify armature windings
to interpret trouble indications and to make
the -necessary repairs.

Lap and Wave Windings

Armature windings, irrespective of how the
elements are placed on the armature core,
are gener$ly classified as LAP or WAVE
windings. The classification designates the meth-
od of connecting the ends of the elements, or
coils, to the commutator (fig. 8-26). If the ends

SLOT

®

SLOT 7

A SINGLE-TURN LAP COIL

SINGLE-TURN WAVE COIL

2.85 111.1
Figure 8-25, Measuring commutator out-of- Figure 8-26.Clansification of armature

round with dial indicator. windings,

8-21
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A LAP COIL B WAVE COIL

Figure 8-27.Full-pitch coils.

o4\the coil are connected to adjacent commutator
segments, or to segments that are close to-
gethe the coil is designated as a lap-connected
coil, d the winding is a lap winding(fig, 8-26A).
On the other hand, if the ends of a coil are
connects to commutator segments approximately
two pole ditches apart, the coil is designated
as a wave-oonneoted coil, and the winding is
a wave winding (figs. 8-26B and 8-27B).

PITCH.Both lap and wave windings are
placed on the armature core so that the two
sides of an element 000upy slots that are influ-
enced by adjacent poles of opposite polarity,
and the emf's generated in the two sides add
together. In other words, if the left side of a
coil momentarily occupies a position under the
center of a north pole, the right side of the
same coil will occupy a position under approxi-
mately the center of an adjacent south pole:
The distance between the centers of two adjacent
poles is the pole pitoh. The span of one coil
should be equal or nearly equal to one pole
pitch. If a coil spans exactly one pole pitch,
the winding is FULL PITCH (fig. 8-27), and
if a coil spans less than one pole pitch, the
winding is FRACTIONAL PITCH. COIL PITCH
is recorded and identified by the number of
slots spanned by the coil in the armature (fig.
8-28).

NUMBERING.-D-c armature windings are usually
two-layer windings in which e,ch slot contains two coil

111.2

sides of a single-coil type of winding (fig. 8-26). Thus
one side of the winding element is placed in the top of a
slot, and the other side is placed in the bottom of
another slot. It is immaterial which side of the element
is placed in the top or bottom of the slot. In practice
(observing the armature from the commutator end) the
right side of the coil is usually placed in the bottom of
one slot and the left side is placed in the top of another
slot. The coil sides are arbitrarily numbered so that all

8.22
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Figure 8-28. Polepitoh.
73.132
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TOP coil sides have odd numbers and ail BOTTOM coil
sides have even numbers (fig. 8-26). This system helps to
place the coils properly on the armature.

Progressive and Retrogressive Windings

Lap and wave windings can be progressive
, or retrogressive, as illustrated in figure 8-29.

A PROGRESSIVE WINDING (fig. 8-29A) pro-
gresses in a clockwise direction around the
armature when trace. through the winding from
the commutator end. In other words, the winding
progresses clockwise from segment (bar) through
the coil to segment.

LAP

Progressive wave winding and retrogressive
lap windings are very seldom encountered because
of the inherent undesirable features, such as
the end connections of coil groups crossing
over each other, added weight, and longer leads.
Therefore, with few exceptions lap windings are
progressive and wave windings are retrogressive.

A RETROGRESSIVE WINDING (fig. 8-29B)
progresses in a counterclockwise direction
around the commutator, w n traced through the
winding from the commutate d.

Multiplex Windings

Windings may also be classified and connected
in SIMPLEX, DUPLEX, or TRIPLEX. A simplex

A

PROGRESSIVE

WAVE

B

RETROGRESSIVE
der

Figure 8-29.Meaning of "coil pitch" in armature winding.

8,23
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Figure 8-30.Simplex lap windings; (A) progressive, (B) retrogressive.

lap winding is one in which the beginning and
ending leads of a lap wound coil are connected
to adjacent commutator bars. Duplex and triplex
lap windings have their leads connected two or
three bars apart, respectively.

Progressive and retrogressive simplex lap windings
are shown In figure 8-30. As you can see, the progressive
lap winding is one, in which the current flc wing in the

icoil terminates in the commutator bar clockwise
adjacent to the starting bar as you view the armature
from the commutator end. A retrogressive simplex lap
winding is one in which the current in the coil
terminates in the bar counterclockwise adjacent to the
starting bar.

Simplex progressive and retrogressive wave
windings are shown in figure 8-31. Compare those
with the lap windings shown in figure 8-30.

TEST PROCEDURES

Use of an organized test procedure will
enable you to distinguish the types of armature
windings. One method is to use a low-reading
ohmmeter to ilidloate variations in the render!
tanoe reading as the test probes are shifted
around on the commutator. ,If a' low-reading
ohmmeter is not available, a milliammeter con-
nected in series with a rheostat and a 8-vo'st
Watery can be used (fig. 8 -32).

73.23.0

Simplex Lap

A schematic diagrun of a simplex lap winding
is illustrated in figure 8-33. With the test probes
placed on adjacent segments, the ammeter will
Indicate a maximum because the resistance of
only one coil shunts the remainder of the winding,
and the resistance added to the test circuit
is at minimum. Move one test probe to the
next segment, and the ammeter reading decreases
because the resistance between the, robes has
increased. With one probe stationary and the
other probe contacting each segment in succession
around the cominatator, the ammeter indications
will decrease steadily until the test probes
are directly opposite each other, and then start
thcreasing steadily as the other half of the
winding is tested. These indicatidns are obtained
because of the method of connecting the coils
to 'the commutator, which is determined by the
type of winding. A simplex lap winding 17'
only winding that gives these indications.

Simplex Wave

Ah important rule to remember for all wave
windings is that the ends of each coil are
connected to commutator segments that are
approximately two pole pitches apart. Using
the tern procedure described previously, the
maximum ammeter reading is indicated when
thejGaliiiiies are connected across that portion

A

8-24 245
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COILS
IN SERIES
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73.231
Figure 8-$1. Four-pole simplex wave windings;

(A) 'progressive, (B) retrogressive.,

+1_

111.6
Figure 8-32.-Test circuit for measuring armature

resistance.

of the winding in which one coil shunts the
remaining portion of the winding. Hence, in
all wave windings the maximum reading will
be indicated when the probes are placed on com-
=gator segments that are approximately two
pole pitches apart. The minimum ammeter read-
ing will occur when the probes are placed on
segments approximately one pole pitch apart.

With one probe stationary on segment 1
(fig. 8-34) and the other probe moved around
the commutator from segment to segment (2, 3,
4, and so forth), the ammeter readings steadily
decrease until the probes are approximately
one pole pitch wart, and then the readings
steadily increase until the probes are approxi-
mately two pole pitches apart.

If the probe is circled around the remainder
of the commutator, the readings will decrease
and then increase once for each pair of poles.
In the identification of a 6-pole, simplex wave
winding there will be three successive decreasgs
and increases in the meter readings as the
ommutator is circled once. Similarly, in a
pole simplex wave winding there will be two

s ccessive decreases and increases in the meter
readings. Thus, a simplex wave winding can be
readily distinguished from a simplex lap winding
by measuring the resistances of the armature
coils.
ARMATURE REWINDING

When tests or observation shows that a d-c
armature or field needs replacing and there
is no replacement available, then rewinding
is necessary.

111.7
Figure 8-33.Schematic of simplex lap winding.
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111.12
Figure 8-34. Portion of 6-pole, simplex wave

winding.

The , 'piste process of armature rewinding
involve -ipping the armature, insulating the
core, IN- in machine wound coils or rewinding

ethe
ooils into the slots by hand, connecting

the commutator, testing, varnishing, baking and
balancing.

HANDTOOLb

The hanchools used in rewinding armatures
are relatively few and simple. In fact, they
are usually handmade by Electrician's Mater
engaged in this work. Figure 8-35 shows the
following tools: (1) fiber born for shaping the
will ends alter the coils are placed in theolots,
(2) steel slot drift, or tamping tool, for driving
the oats to the bottom of partly closed slots,
(4 lead lifter for lifting the coil leads from
the commutator risers, (4) hacksaw blades for
removing the fiber wedges that bold the coils
In the slot*, (5) saw for undercutting the commu-
tator mica between the segments, (6) wedge
driver for driving the fiber wedges out of the
slots, (7) lead drift for cutting off the leads
at the risers, (8) rotation indicator as an aid to
determine the proper connections windings,
(II) wire :spar for removing the insulation
from the ends of the coil leads, and (10) wedge

inserter for driving the wedges into partly
closed slots.

Stripping

Before stripping an armature, record all
available winding data on an armature data card,
as shown in figure 8-36 for use in rewinding
and for future reference.

After recording the initial winding data,
perform a bar-to-bar test to determine U the
winding is lap or wave and record this information

-.Ma the armature data card and proceed to
disconnect and remove the coils.

During this process, accumulate the winding
data that was impossible to obtain before stripping
the armature. Remove the tending wires by
filing them in two places. If banding wires are
not used. remove the wedges in the slots. A simple
means of removing the wedges is to place a
hacksaw blade, with the teeth down, on the
wedge. Tap the top of the blade to set the teeth
in the wedge and then drive out the wedge by
tapping the end of the blade.

Next, unsolder the coil leads from the com-
mutator and raise the top sides of the coils the

3

6

7 -

10

111.17

Figure 8- 35. Armature rewinding handtools.
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DC OINERATORAOTOR DATA

NAME PLATE DATA

Make Serial #
Volts

RPM Temp Rise

Model Style

ARMATURE DATA

Lop. or Wove Winding ' 5

No. of Segments

Type of Connection or Duplex, or Triplex Winding
Coil Pitch Coils per Slot

Progressive, or Retrogressive Winding Wire Size

Turns per Coil Commutator ?itch

No. Active Coils No. Dummy Coils

KW /MP _

Motor Type

Frome #

Name Dote

Figure 8-36.D-c motor or generator data card.

distance of a coil throw (distance between the
two halves of a coil). The bottom side of a coil
is now accessible, and the other coils can be
removed one after the other. Exercise care
preserve at least one of the coils in its original
shape for use as a guide in forming in the new
coils. Next, record the wire size, number of
turns in a ooil, and type of insulation on the coils
and in the slots,

To raise the coils without damaging the insula-
tion, use a small block of wood as a fulcrum
resting on the armature core and a steel bar
or pieoe of wood as a lever.

After the coil is partly raised, drive 'tapered
fiber wedge between the top . and bottom coils
within the slot to finish raising the top coil from
the slot. After stripping the armature, remove
all dirt, grease, rust, and scale by sand blasting.
File eaoh slot to remove 'any burrs or slivers
and dean the core thor with compressed
air. Immerse the cleaned armature core in
a varnish and bake in woo dance with the steps
in table 8-1, using a dilutty.eptvarnish (20 percent
solution) of the same I of varnish to be
used after winding.

This treatment prevents , the formation of
oxides and forms a base for\ the adherence of
the final varnish treatment.
Winding Armature Coils

Formed coil, wound on a ooil-winding
Tachine and pulled Into the desired shape on

8-27
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the forming machine. The shape of the coil is
determined by the old coil. The two wires
forming the leads are taped with cotton or
reinforced mica tape. The binder insulation,
consisting of cotton or glass tape, is applied
to the entire coil surface.

The ooil is now sprayed with a clear air-
drying varnish (grade CA), whioh conforms to
Military Specification, MIL -V -1137. After the
varnish has dried, the ooil ends are tinned to
ensure a good connection to the commutator.

Preformed windings should be used on large
armatures, but it is more practical to wind
small armatures by hand, End room ip very
limited, and windings must be drawn up tightly
to the armature core. Figure 8-37 shows the
method of winding an armature by hand. One
armature in the figure is small enough to be
hand-held. The other, too heavy for this, rests
on a support.

Placing Coils in Slots

Before assembling the coils insulate the armature
core. This step is of extreme importance; if the armature
contacts the coils, you will have to do your work over.
Clean the core slots and ends and true up the
laminations. Use polyamide paper, and let it extend 1/4
inch beyond the slots, to prevent the edges of the
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Table 8-1.Varnishing Procedure

Typical Treating schedule.The following treating schedule may l' used as a guide in processing electrical
windings. The baking time and temperature may vary depending on the type and grade of varnish used and the size
of the winding being processed:

Armature coils, armatures, stators and field coils

Procedure

I

Step 1
Prebaking

Step 2
Dipping

Processing Rebuilt Armature Coils, Armatures, Stators, and Field Coils

Class A, B, and F Class H and N

Put into oven at 150°C (302°F). Hold at temperature for 2-4 hours depending
on size of equipment. Cool to approximately 40°C (104°F).

Immerse hot coils or wound apparatus
(40°C) (104°F) in organic varnish, clear
baking until bubbling ceases. Viscosity
should be held between 250-350
centipoises. Thin with xylene' if necessary
to maintain viscosity.

Immerse hot coils or wound apparatus
(40°C) (104°F) in silicone varnish, clear
baking for not over 5 minutes. Viscosity
should be held between 125-225
centipoises. Thin with xylene, if necessary
to maintain viscosity.

Step 3
Draining

Step 4
Cleaning

Drain and air-dry for 1 hour. Rotate wound apparatus during draining to prevent
pocketing the varnish.

After draining but before baking, the metal surfaces of the armature, the bore of
the stator, and the pole faces of the field structure should be cleaned by wiping
with a cloth moistened with solvent.

Step 5
Baking

Step 6
Cooling

Put into circulating type, forced exhaust, Put into circulating type, forced exhaust,
baking oven at temperature of 150°C baking oven at temperature of 200°C
(302° F) for 6-8 hours. . (392°F) for 2 hours.

Remove from oven and cool to approximately 50°C (122,° F).

Step 7
Second treatment

Repeat steps 2 (for 1 minute immersion) 3, 4, 5, and 6.

Step 8
Third lent

Repeat steps 2 (for 1 minute immersion) 3, Repeat steps 2 (for 1 minute immersion) 3,
4, 5, and 6. 4, 5 (bake additional 8 hours at 232°C

(450°F), and 6.

Varnishing procedures are revised periodically. For the most recent procedures consult Naval Ship's Technical
Manual Chapter 300.

8 -282.1
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VIMWnwmmmummk

Figure 8- 37. Winding armatures by hand.

laminations from injuring the coils. Figure 8-38 shows a
method of insulating the slots.

The ground insulation, consisting of flexible
mica wrappers or layers of reinforced mica tape
is applied to the coil sides that lie in the slots.
The formed coils are next placed in the slots,
the lower side first and then the upper side,
until all the coils are inserted and the winding
is completed. Be certain that the coil pitch is
correct. A strip of rigid laminate, type GME-
MIL-P-15037, is placed in each slot between
the lower and upper coil sides, and a similar
strip is placed at the back and front of the
armature where top and bottom sides cross each
other. If the slots have straight sides, they
are filled up with a strip of rigid laminate
type GME-MIL-P-15037 on the tops of the coils
so that they can be held down by the banding
wires. In some armatures the slots are shaped
so that fiber wedges can be driven in each slot
from one end to hold the coils in place.

Before soldering the coil ends to the commu-
tator segments, test the winding for grounds,
opens, and shorts. Exercise care (when soldering)
to prevent solder from falling or running down
the back of the commutator, as this would
result in a short circuit. Tip the armature so
that the solder will not flow down the back of
the commutator. Place the tip of the soldering
iron on the commutator near the riser and wait
until the iron heats the riser sufficiently to

DRIFT
STICK

73.233

POLYAMIDE
PAPER

PEG TO HOLD
INSULATION TIGHT
WHILE WORKING
N NEXT SLOT

PAPER
A41,04,4%TimakimiTREATED FABRIC.

0.010" POLYAMIDE PAPER OR
POLYAMIDE

77.232
Figure 8 -38. Continuous strip method of

insulating slots.

melt the solder. Touch the solder to the riser
and allow it to flow down and around the lead
and into the wire slot, and then remove the
iron.

The ordinary soldering iron cannot supply
sufficient heat fast enough to perform a satis-
factory soldering job on a large armature.

8-29
250
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Therefore, apply a soft flame from an acetylene torch to
the outside end of the commutator segments to the riser
ends where connections are made. Tin the coil ends (to
be connected to the commutator risers) with the
soldering iron. Next, tin the slots in the commutator
risers with heat from the torch. Then make the

-connections while applying the flame to the outside end
of the commutator segments. Wrap the winding in
appropriate tape for protection (when making the
commutator connections) because too much heat can
damage the winding insulation. The completed armature
winding is checked electrically for continuity and for
shorted turns.

To prevent centrifugal force from throwing
the coils outward, wind a band of high-grade
steel piano wire on a strip of leatheroid, which
is placed around the armature and over the
coils about 2 inches from the edge of the core.
This is done before the armature has been
dipped and after prebaking.

It is preferable to place the banding wires
on the armature while the windings are hot
because the insulation ,shrinks when heated,
is more flexible, and can be pulled down tightly
much easier than when the armature is cold.
When the first bending wire is wound on the
armature, small tin clips, with insulation under
them, are inserted under the wire. When the
required number of turns has been applied,
the ends of these clips are turned up over
the wires to hold them tightly side by side.
The clips are then soldered with a tin solder,
and a thin coat of solder is run over the entire
band to secure the wires together.

The end windings are secured, if necessary,
by groups of wire wound on insulating hoods
to protect the coils. On the commutator end,
strips of thin mica with overlapping ends are
usually placed on the commutator neck and
held by a few turns of cord. On large armatures,
banding wires are sometimes placed over the
laminated portion of the armature. The lamina-
tions on these armatures have notches in which
the banding wire is placed.

If it is necessary to rebuild a commutator,
use molding micanite to insulate between the
spider and the commutator. Commutator mica
i& used as insulation between the segments.
After the commutator is assembled, it is heated
and tightened with a clamping ring.

U shrink rings are provided, they are not
put on until the commutator has been tightened
(while hot) and the banding wires tightly placed
around it. U defective, small commutators are
usually completely replaced.

Insulating Materials

Current- carrying conductors require insula-
tion for various reasons. An understanding of
the different types of insulation used will be of
help to you in the repair of electrical equipment.
The different classes of insulation materials
are listed in table 8-2.

There are certain conditions when the re-
winding of Class A and B insulated motors
with Class H insulation becomes necessary.
This is done to prevent a recurrence of insula-
tion breakdown and ultimate failure. Here are
examples of such conditions.

1. Where the location's ambient temperature
exceeds the equipment design ambient (usually
50°C).

2. Where excessive moisture (usually con-
densate) is present and the windings are exposed.

3. Where the service life of existing equipment
is shortened by overload, heat moisture, or
a combination of these factors.

Silicone insulation is not a "cure all" for
motor and generator failures. Before deciding
to use silicone insulation the installation should
be checked to determine the cause of failure.
Misalignment of bearings, mounting bolts dis-
located, a bent shaft, failure or inoperativeness
of overload devices or similar causes may have
initiated the failure rather than the insulation
itself.

Consideration must be given to the conditions
to which the windings will be subjected during
winding, varnishing, and drying out or baking.
Class A, B, and F materials are generally
tough and will take a lot of abuse. Class H and
N materials are considered somewhat fragile
and should be handled with care in order not
to damage the resin film.

Varnishing

Prior to varnish treating, the windings or
coils should be prebaked to remove all moisture.
The windings or coils should be left to cool
to a temperature not less than 10°C above room
temperature prior to immersion in varnish.
The windings or coils should remain in the
varnish until bubbling ceases. After dipping,
the windings or coils should be allowed to drain
and then are baked at the prescribed temperature
for the time shown in table 8 -1. A maximum
of three dips and bakes shall be used. The
baking ovens shall be rated at 350°F for Class A,

8-30251
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Table 8-2.Classes of Insulation.

CLASS CLASS MATERIALS REQUIRED
INSULATION MATERIAL OR THERMAL .

SYSTEM COMBINATION OF LIFE
MATERIALS

A

F

H

N

105 cotton, silk, and paper when suitably
impregnated or coated, or when
immersed in a dielectric liquid such
as oil.

105°C

130 mica, glass fiber, asbestos, etc., 130°C
with suitable bonding substances.

155 mica, glass fiber, asbestos, etc. , 155°C
with suitable bonding substances.

180 silicone elastomer, mica, glass fiber, 180°C
asbestos, etc., with suitable bonding
substances such as appropriate silicone
resins.

200 mica,, glass fiber, asbestos, etc.
with suitable bonding substances.

200°C

B, and F windings and 500°F for higher tem-
perature windings and shall be of sufficient
capacity to maintain these temperatures at a
full exhaust rate of two air changes per minute.

Separate dip and storage tanks should be
provided for the silicone varnish, because silicone
varnish is not compatible vth other varnishes.
No solder joints should be used on the tanks
as solder may gel the varnish. 4111111

Ai

D-c armatures should be dipped with the
commutator end down to seal behind commutator
neck. Commutator can be wrapped to prevent
varnish buildup. When draining, have the com-
mutator upright. If the assembled winding cannot
be immersed, it can be slowly rotated in a
horizontal position in a shallow pan to allow
the varnish to flow into the winding interstices
(fig. 8-39). All winding parts should be ell
soaked during the immersion. At least two
complete revolutions should be made, each revo-
lution taking about 10 minutes. In the baking 5.143
operation allowances should be made for the Fig Lire 8-39.Applying insulating varnish to
time necessary to bring the armature up to armature windings.

8-31 252
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temperatur -'. If possible, d-c armatures should
be baked with the commutator end up.

The completed armature is now placed in
a lathe and a very light cut taken over the
surface of the commutator and over the face
and side of the commutator risers to make
the assembly perfectly true. Next, the commutator
mica should be undercut so that the carbon brushes
will not be damaged by the high mica.

You must remember that all armature stator
and field windings must be checked for shorts,
grounds, and opens after each step of being
wound, formed, taped (if necessary), installed,
connected, dipped, and baked.

HIGH-POTENTIAL TEST

A high-potential test is made by applying
(between insulated parts) a test potential that is
higher than the rated operating voltage. High -
potential tests are frequently used in connection
with the repair, or reconditioning of naval- equip-
ment ashore.

The purpose of the test is to break down
the insulation if it is weak, thereby indicating
defective material and workmanship, and per-
mitting replacement prior to actual use.

The application of each high-potential test
tends to weaken insulation even though it does
not produce actual failure at the time. Also, the
use of high-potential tests requires special
equipment and safety precautions.

When maldng high - potential tests on electrical
equipment that has been reoonditionedor rewound
in a shop; keep from coming in contact with
any part of the circuit or apparatus. Never
touch the winding after a high-potential test
has been made until it has been 'connected to
ground to remove any static charge it may
have retained.

A high-potential test should not be made
on a d-o generator or motor until after the
reconditioning or rewinding is completed, includ-
ing the application of varnish, and the insulation
resistance has been Lieasured and found to be
higher than the value in the last column of
table 8 -3.

All leads to the circuit being tested should be
connected to one terminal of the source of test
voltage. All leads to all other circuits and all
metal parts should be connected to ground. No
leads- are to be left unconnected for a high-
potential test as this may cause an extremely
severe strain, at some point of the winding.
For example, to make a high-potential test on

Table 8- 3. Minimum Direct Current Generator
and Motor Insulation Resistances for High-
Potential Tests

Circuit
Insulation Resistance in
Megohms at 25? C
After Reconditioning
in Shop.

Complete armature
circuit2

Armature alone
Armature circuit

less armature2
Complete shunt

field circuit2

2
2

2.5

(Footnotes for Table 89

Ine figures given are for machines rated at 250
volts or less. For machines having a rated voltage,
E, greater than 250 volts, multiply all figures given
in the table by E/250.

28mall machines usually have one of the shunt
field leads connected internally to the armature, cir-
cuit. To avoid disassembly in such oases, the com-
plete armature circuit and complete shunt field cir-
cuit may be meuured without breaking this connec-
tion. If necessary, the armature can then be isolated
by lifting all brushes.

(a) With the brushes left in plaoe;the complete
armature circuit will include armature, armature
circuit, and the permanently connected shunt field
circuit. The values given in the table for the com-
plete armature circuit will apply.

(b) With the brushes lifted, the armature cir-
cuit leis armature and the complete shunt field cir-
cuit will be measured. The values given in the table
for armature circuit less armature will apply.

111.83

a reivound armature, short circuit the commutator
segments by wrapping one or more turns of
bare wire around the commutator and apply the
high - potential test voltage across the comm,n
connection of all the commutator segments and
the grounded armature shaft.

The high - potential test voltage is obtained,
from a 60 -hertz a-c source that should have
a capacity of 1 kilowatt. When making a test,
increase the voltage as rapidly as possible
without exceeding the correct value, as indicated
on the voltmeter. The full voltage should be
maintained for 1 minute, The voltage should

Ts3
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then be reduced at a rate that will bring it to
one-quarter of the correct value or less in not
more than 15 seconds.

REWINDING FIELD COILS

The old field coil is removed from the pole
piece and, if spare coils are available, a new
one is installed. If a new coil must be made,
record all pertinent coil data as the old coil
is stripped down.

This data should include the (1) dimensions
-of the coil, both with the tape on and with the
tape removed, (2) weight of the coil without the
tape, (3) size of wire, and (4). type of insulation.

The two general classes 'of coils are (1) shunt
field coils, which consist of many turns of fine
wire and (2) series and commutating field coils,
which consist of fewer turns of heavy wire.
SHUNT COILS

The equipment for rewinding shunt coils
includes a lathe or suitable face plate, which
can be turned at any desired speed, and an
adequate supply of the proper size wire wound
on a spool, which can be supported on a shaft
so that it, is free to turn. Friction should be
applied to the spool to provide. tension on the
wire. A coil form having the exact inside dimen-
sions of the-coil is secured to the lathe or face.
plate. The form for shaped field coils can
be made from a block of wood shaped exactly
to the required size and provided with flanged
ends to hold the wire in place (fig. 8-40). One

77.81
Figure 8 -40. Coil form for field coils.

77.84 -

Figure 8-41. Edge-wound series coil.

of the flanges should be removable so that the
finished coil can be taken from the formingblock.

The wire is now wound from the spool onto
the forming block for the required number of
turns. The turns must be evenly spaced, one
against the other, until the winding procedure
is completed. The turns of the completed coil
are secured by tape, and the wire leading to
the spool is cut, leaving sufficient length to
make the external connections. The completed
coil must be checked electrically for continuity
and for shorted turns.

The coil is now prebaked and varnish treated.
When varnish treated, the finished field coil
should withstand a high-potential test of twice
the rated excitation voltage +1,000 volts.
SERIES AND COMMUTATING COILS

Series and commutating field boils are fre-
quently wound with strap (rectangular) or ribbon
copper instead of round wire. These coils have
only a few turns that are wound in a single turn
per layer.

A series coil wound (with ribbon copper)
on edge is illustrated in figure 8-41. It is more
difficult to bend the copper ribbon, but it has
an advantage in that both terminal leads protrude
on opposite sides of the coil. Thus, the Connections
can be made very easily compared to the strap-
wound coils, which have one coil 0-nd at the
center and the other coil end at the outside
of the coil. The strap-wound constriction requires

8-33 2 5
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leading the inside coil end over the turns of
strap in the coil.

After the winding is completed, the coil is
tested electrically for continuity and shorted
turns. It is then prObaked, varnished, and tested
for polarity, grounds, opens, and shorts as
described previously, at each stage in turn.

TESTING FIELD COIL

Before installing a new or repaired coil, it should be
tested for shorts, opens, and grounds and its polarity
determined. The same precautions that were observed
during removal of the coil must be observed when
installing it. All of the shims originally removed from
the' pole_piece must be in position when it is replaced.
With the coil in position in the machine, it should be,
temporarily connected to the other coils in the field
circuit and a compass and battery again used to check
its polarity. For this test, connect the battery to the
proper field leads and check the polarity of all the coils
with the compass (fig. 8-42). Adjacent poles must be of
opposite polarity. If need be, polarity of the new coil
can be reversed by reversing its leads. When the polarity
is correct, the coil is connected, and th.: pole-piece bolts
are tightened. Air gaps should be measured to ensure
uniformity.

REVERSING DIRECTION OF ROTATION
OF D-C MOTORS

After repairing d-c motors, check the motor
rotation. If the direction of rotation needs to be
reversed, the two methods for reversing are
(1) changing the direction of current flow through
the armature leads and (2) changing the direction
of current flow through the motor fields. In
compound motors the reversing of current is
easier using the first method since a single
element is involved. U the second method is
usedit becomes necessary to reverse the current
through both the series field and shunt field
windings.

CHECKING MOTOR AND GENERATOR
SPEEDS AFTER REWINDING

Tachometers indicate in revolutions per minute
(rpm). the turning speed of motors, generators, and

77.80
Figure 8- 42. Testing polarity of field coils.

other rotating machines. Use a portable tachometer, as
explained in Chapter 3 of this manual, to measure the
speed of a motor or generator after rewinding.

SETTING ON NEUTRAL

When a machine is running without load and
with only the main-pole field windings excited,
the point on the commutator at which minimum
voltage is induced between adjacent commutator
bars is the no-load neutral point. This is the
best operating position of the brushes on most
commutating-pole machines. Usually, the br,..ap
studs are doweled in the proper position, and
'the correct setting is indicated on a stationary
part of the machine by a chisel mark or an
arrow. In some cases commutation may be
improved by shifting the brushes slightly from
the marked position.

8-34

The correct neutral position can be found by
the use of a mechanical, reversed rotation,
or inductive kick method. The mechanical method
is an approximate method. Turn the armature
until the two coil sides of the SAME armature

25'5
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coil are equtdistant from thp center line of
one MAIN field pole. The commutator bars to
which the coil is connected give the position
of the mechanical neutral.

Use of the reversed rotation method is
possible only where it is practicable to run a
machine in either direction of rotation, with
rated load applied.. This method differs for
motors and generators. For motors, the speed
of the motor is, at first, accurately measured
when the field current becomes constant under
full load at line voltage with the motor running
in the normal direction. Then, the rotation
of the motor is reversed, full load is applied,
and the speed is rgain measured. When the
brushes are shifted so tLat the speed of the

ROTATING

ELEMENT

n, -1. ,...4,41.111

motor is the same in both directions, th,
will be in the neutral position. Generati:r; are
run at the same field strength and same speed
in both directions, and the brushes are shifted
until the full-load terminal voltage is the same
for both- directions of rotation. To ensure ac-
curacy, a reliable tachometer must be used
to measure the speed of the. machines for this
method.

The_ iUck method should be used only when
the other methods are inadequate end the condi-
tions are such as to warrant the risks involved,
and then only when sufficient resistance is
connected in series with the field coils to reduce
the field current to approximately 10 percent
of normal valve,

BRUSHES

D C EXCITER
ARMATURE

A
AC EXCITER
ARMATURE

ROTATING
ELEMENT

COMMUTATOR
3-PHASE

POWER

UTPUTCOLLECTOR

RINGS

ROTOR
FIELO

N AC
THREE PHASE
GENERATOR

STATOR

3-PHASE
POWER

OUTPUT

SILICON
RECTI FIER
ASSEMBLY

73.308:309
Figure 8-43.A-c generator. (A) Brush type, (B) brushless.
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/110V AC

SUPPLY
POWER

73.147
Figure 8-45. Testing a three-phase stator for

77.304 shorted coils.
Figure 8-44.. - internal growler.

BRUSHL F.SS GENERATORS

Brushless a-c generators are used in the fleet for ship
service and emergency power. Figure 8-43 compares the
brush type and brushless a-c generators. In the brush
type a-c generator (fig.8-43A) the current is transferred
from the rotating member of the machine to the
stationary member and vice versa by the use of
commutator, collector rings and brushes. Brushless a-c
generators, on the other hand (fig. 8-43B), have a silicon
rectifier assembly which replaces this coupling. This
development is simple, compact, free of sparking and
greatly reduces the maintenance of generators. Silicon
rectifiers are mounted on the rotating shaft to furnish
direct current to the a-c generator rotor field. In the
brush type a-c generator the commutator serves as a
rectifier to perform this function. Feedback from the
three-phase lower output through a voltage regulator
control (not shewn) furnishes the correct amount of
excitation to the eicciter field for a-c generator voltage
control.

THREE-PHASE STATOR
TESTING AND REPAIR

In testing stator coils, as in testing d-c
armatures, you will find the most common
troubles to be grounds, opens, and shorts.

The internal growler (fig. 8-44) is used to
check for shorts and opens on the inside of stators
and stationary fields, or on large armature sur-
faces where and external growler cannot beused.

MAKE

H.P. R.P.M. VOLTS AMPS.

HERTZ TYPE FRAME STYLE

TEMP. MODLE SERIAL PHASE

NO.OF
COILS

NO. OF
SLOTS CONNECTION

SIZE. WIRE NO.OF
TURNS

NO.OF
GROUPS

COILS-
GROUP

NO.OF
POLES

PITCH
OF COIL

111.65
Figure 8-46.7:Stator data sheet.

To make such checks connect the internal growler
to rated a -c source. Run the internal growler over
the coils of a motor or generator and listen for a
buzz (fig. 8-45). When a shorted coil exists, trans- .

former action causes the growling noise. Coils
may be tested for opens by deliberately shorting
each coil. A buzz at any of the coils means a
closed circuit.

If you use a meter-indicating internal growler
(fig. 8-44) a pointer deflection indicates a short;
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no deflection of the pointer indicates an open
circuit.

THREE-PHASE STATOR REWINDING

Willa tests or observation determine that a
three -pirse stator needs rewinding, certain data are
recorded.

It is most important to keep an accurate
reord of all the pertinent data concerning the
winding on the stator data sheet, as shown in
figure 8-46. If possible this information .should
be obtained before stripping; if not, it can be
obtained during the stripping operation.

An a-c stator is stripped in the same manner
as a d-c armature.

Figure 8-47 shows coil sides being placed
in a stator.

When all the coils have been inserted in
the stator slots, tbe ends insulated, and the
slot wedges driven in place, there will be two
free ends, for each coil (top and bottom) from
one side of the stator winding. The free ends
must be connected to form a series of groups
of coils.

In arranging these coils into pole-phase
groups, start by bending (forming) the inside
lead of the first coil in towardthe center and then
bend the outside lead of that coil and the inside
lead of the next coil together. Connect the
outside lead of the last coil with the inside lead
of the next coil and bend the outside lead of
this coil away from the center. Repeat this
procedure for each of the p6le-phase groups
all around the stator. Do not solder the connection
at this time.

After twisting the ends together, check d
individual groups to determine that the proper number
of coils have been connected together in each pole-phase
group and that they have the proper polarity. Then
solder the twisted connections and cut off the ends so
that the soldered stubs are about three-quarters of an
inch long. Insulate the stubs .with acrylic glass.

If the distance to the bearing brackets (frame
of the machine) is small, bend the insulated
stub in between the coils so that they do not
come in contact with the frame when the stator
is assembled in the machine.

INSULATION PLACED ON TOP
OP SLOT TO PROTECT WIRE
FROM SCRAPING IRON CORE

1st SLOT
2nd SLOT

FIRST COIL OF WINDING IN PLACE

TOP SIDE NOT IN SLOT

I_air_ .____

HI

BOTTOM SIDE
. OF COIL

Lt COIL

2nd COIL

ONE SIDE

IN SLOT

SECOND COIL OF WINDING IN PLACE

111.66
Figure 8 -47. Placing coil sides in slots.

In practice, the coils that comprise the
pole-phase groups are usually gang wound. Gang
wound coils eliminate the need for stubbing
because the coils are wound with a continuous

_length of wire.

Series-Wye Winding

Before connecting the pole-phase groups
together construct a diagram containing the
pole-phase groups in each phase and the number
of poles for the particular machine, as illus-
trated in figure 8-48. Be certain that the pole-
phase groups for each phase are connected
properly to produce alternate north and south

8-37
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111.68.1 111,68.2
Figure 8- 48. Three- phase, 4-pole, series-wye Figure 8- 49. Three- phase, 4-pole, series-wye

winding. winding showing the 4-poles

poles by indicating the direction of current flow
through each pole-phase group by arrows that
must reverse direction for each successive
group now connected.

The As, Bs, and Cs phase leads (5 stands
for start) are all connected to one polarity of
a small battery and the Af,, Bf, , and Cf phase
leads (f stands for finish) are all connected
to the other polarity of the battery. If connections
are correct a compass will give opposite polarity
as it is moved from one coil group to another.
Note the changing polarity in figure 8-48.

All the arrows on the line leads (figs 8-48) indicate
current in the same direction toward the center of the
wye. Actually, the current at one instant may enter the
phase A lead and leave by the other two leads. At the
next instant current may enter through phases A and B
and leave by phase Cf(flg. 8-49). At any instant, current
is flowing into and leaving the wye by at least one lead.
This illustrates how a four-pole motor or generator
actually functions. In rewinding, however, having the
current going in at all phases and ending at the internal
star connection (fig. 8-48) is best for bench testing the
stator.

The series-wye connection (figs. 8-48, 49)
is employed in a-c machines designed to operate
at a comparatively high voltage. Machines that

111.69
Figure 8-50. Three-phase, 4-pole, parallel-

wye winding.

8.38
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require a relatively high current usually are
wound in a multiple or parallel arrangement.

Parallel-Wye Winding

To connedt the machine for 3-phase, 4-pole,
parallel-wye operation, use the diagram shown
in figure 8-50 with the same number of pole-phase
groups and the same assumed directions of
current flow through the groups as in the series-
wye connection, the pole-phase groups of the
three-phase must be Qonrieoted so that the current
flows through the various groups in the directions
indicated to obtain alternate north and south
poles. Again connect the battery as previously
described by connecting A, B, C start phases to
one side of battery and A, B, C finish phases to
the other side. Again the 12 compass polaritiea
should be indicated in one revolution of the stator.

Tho' only difference between the parallel-wye
winding (fig. 8-50) and the series-wye winding
(fig: 8-48) is that the four pole-phase groups,
which were originally in series in any one of
the phases, are now split into two parallel
groups of two each. In phase. A the same coil
groups are used, but the series group 1 and 4
is placed in parallel with the series group
10 and 7, resulting in an increase in the current-
carrying capacity and a corresponding decrease

STARTING
POINT

As

in voltage of that phase without changing the
number of pole-phase groups or without changing
the groups themselves.

Series-Delta Winding .

The same machine connected for 3-phase,
4-pole, series-delta operation is illustrated in
figure 8-51. The same pole-phase group numbers
are alloted to the same phase windings and the
directions of current flow through the groups
are the same as for the other examples.

Note the difference in the series-wye winding
(fig. 8-48) and the series-deltawinding(fig. 8-51).
In,,, the series-delta winding the three phases
are connected so that they form a delta, and the
external connections are made at the three
corners of the delta.

Parallel-Delta Winding

The machine used in the other examples,
connected for 3-phase, 4-pole, parallel-delta
operation, is illustrated infigure 8-52. The phase
windings contain the same pole-phase group
numbers, and the polarities of the pole-phase
groups are the same as in the previous cases.-

111.70 111.71,

Figure 8 -51. Three - phase, 4-pole, Series-delta Figure 8 -52. Three - phase, 4-pole, parallel-
winding. delta winding.

.8-39
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POLYPHASE STATOR TROUBLES

The methods of locating and correcting the
common troubles encountered in rewound and
reconnected polyphase stator windings are in-
cluded for the convenience of Electrician's Mates
engaged in this work.

Shorted Pole-Phase Group

An entire pole-phase group may be shorted
In a polyphase stator. Such a defect is usually
indicated by excessive heat in the defective part.
The trouble can be readily located by a compass
test. To °enduet a compass test, excite the
stator windings with a low-voltage, direct current
that will set up the poles in the stator (fig. 8 -63).
When the windings are excited, a compass is
mowed around the inside circumference of the
stator oore. As each pole group is approached,
the polarity is indicated by the Of:Wwi/is There
should be the same number of alternate north
and south poles in a 3-phase winding.

In testing a 3-phase, wye - connoted windingi
(fig. 883), test each phase separately by im-
pressing the d-o voltage successively on each
of the phase leads and the midpoint of the wye
connection. U there is no trouble in the winding,
the compass will indicate alternately north and
south for each pole-phase group around the
Mater. U a complete pole - phase group is shorted,
the compass needle will not be deflected at
this point.

OgOS 000104010N

111.78
Figure 8403. Compass test for shorted pole.

phase groups.

lay( COINCTIoN KVA CONNIGTIONI

111.77
Figure 8-54.Balanoe4 current test for shorted

phase.

In testing 01 3-phase delta - connected winding
(fig. 8-5313), open one of the delta connections
and apply the direct current to the winding.
The current will flow through the three phases
in series. U the pole-phase groups are connected
properly, the compass will indicate alternate
north and south poles around the stator frame,'
As in the wye - connected winding a shorted pole-
phase group is indicated by no deflection of the
compass needle.

Shorted Phase

When an entire phase of a 3-phase winding
is shorted, the defect is most readily located
by a balanced - current test made with a type
TA industrial analyzer.

This test can also be made with an ammeter
and low-voltage a-c source (fig. 8-64).

In testing a 3-phase wye - connoted winding
(fig. 8-84A), test each phase separately by
impressing the a-o voltage successively on each
of the phase loads and the midpoint of the wye
connection. If there is no trouble in the windings,
and if the impedance of the winding of each
phase is the same, the ammeter will indicate
approximately the same value of current for
each of the three phases. If one phase is shorted,
the ammeter will indicate a higher current reading
for this phase than those of the other two phases
because the impedance is less.

In testing a 3-phase delta-connected winding
(fig. 8-11413) open each delta connection and test
each phase separately. As in the wye- oonneoted
winding, the shorted phase will be indicated
by a much higher current reading on the ammeter.

8.40
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S

von CONNECTION

A

S

DELTA CONNECTION

B

111.78
Figure 8-55.-- Ohmmeter test for open circuits.

Open Circuits

An open oirouit in a 3-phase winding can be
readily located by means of an ohmmeter
(fig. 8-55).

In testing a 3-phase wye- connected winding
(fig. 8 -SSA), oonneot the 'ohmmeter leads across
each of the phases to lo
When the ohmmeter lead
A and C, no open air
indicated. However, w

ate the defective phase,
are placed on terminals/
it (a low reading) i

n the leads are place
on terminals C and B, and then on termin
B and A, an open circuit (a high reading)
indioated in both positions, thus denoting
open in phase B. After the defective phase h
been located, test each stub connection of
pole-phase groups with the ohmmeter until
open coil is located.

In testing a 3-phase, delta - connected winding
(fig. 8-583), it is necessary to open one delta
connection to avoid shunting the phase bei g
tested. Test each phase separately until
open is located. After the, faulty phase is locate
test each stub connection of the pole-pha
groups, as in the wye- connection, until the open
coil is located.

If the windings are parallel, it is necessary \
to open each parallel group and test each group
separately.

RE ENING DIRECTION OF ROTATION
OF THREE PHASE MOTOR

o reverse the direction of rotation of a
three-phase motor all that needs to be done is
to reverse the connections of any two of the
three leads of the motor. That is, reverse
either the A and B, A and C, or B and C phase
leads.

SINGLE PHASE MOTOR REPAIR

There are many applications for single phase
motors in the Navy. They are used iin interior
communication equipment, refrigerators, fans,
drinking fountains, portable blowe s, portable
tools, and in many other applica ions, Single
phase motors are considerably cheaper in frac-
tional horsepower sizes, but above/1 horsepower
the three-phase motors are less expensive.
The use of single phase motors so eliminates
the need of running three-wire a rvioe to supply
small loads.

Usually it is the starting Winding that burns
cut in single phase motors. The centrifugal
switch (8-58) outs the starting winding out of the
system when the motor reaches approximately

/75 percent of full speed. When the motor is
overloaded the speed decreases and allows the
centrifugal switch to energilso the starting wind-
ings, then the motor speeds up enough so that
the centrifugal switch opens the starting circuit
again. This constant opening and closing of the
starting winding circuit / will cause failure of
the winding.

Steps in analyzing motor troubles should
proceed, as previously / mentioned, following a
logical sequence to determine what repairs are
required for reconditioning the motors (1) inspect

motor for bearing tr bles, (3) test the motor

motor for defects, suo as, cracked end plates,
bent shaft, broken or reed wiring, (2) check

for grounds, opens and shorts (see armature

73.130
Figure 8 -66. Two major parts of a centrifugal

switch,
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Figure 8-57.Single-phase motor data card. (A) Front side; (B) back side.

and 3-phase stator sections). If rewinding is
required record the necessary data on a single
phase motor data card (fig. 8-57).

A single phase motor connection is shown
in figure 8-58. When the motor is to be connected
to a power source of 110 volts a-c the motor
run windings are connected in walled by placing
the two connecting bars as shown in figure 8-59A.
Note the bar terminals in figure 8-59.

77.300.2

When the motor is to be connected to a
power source of 220 volts a-c tine run windings
must be connected in series by placing the
two connecting bars one superimposed on the
other as shown in figure 8-59B.

By tracing through the two above series
and parallel bar connected circuits you will
note that the starting winding operates on 110 volts
regardless of a parallel or series connection.

8.42
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A.G.
POWER
SOURCE

Figure 8-68. Single phase capacitor-start, induction-run motor diagram.

Figure 8-60 is a diagram of a four-pole
single phase motor. The type of winding used
on both the running and starting winding is
the spiral winding. The difference between the
two windings is their impedance and position
in the stator slots. The running winding has
a low resistance and a high reactance (because
of many turns of large wire), whereas, the
starting winding has a high resistance and a
small reactance (being wound of small or high
resistance wire).

The running winding is placed in the bottom
of the slots, and the starting winding is placed
on top of the running winding. Both windings are
energized in parallel at starting. The cuxrents
are out of phase with each other, and the
combined effects produce a rotating field that
starts the motor (some motors use capacitors

8.43

77.305

for starting). When the motor has almost reached
normal speed the centrifugal switch opens the
starting winding circuit, and the motor operates
as a single-phase induction motor.

A pole for the running o, the starting winding
in a single phase motor is made up of more
than one coil. These coils differ from each
other in size and, depending on the winding
specifications, in the number of turns per coil.
When coils are placed in stator slots they can
be wound in place by hand or wound in a coil
winder on forms and then placed in the slots
of the stator.

Capacitors used with single-phase motors
for starting should be checked by means of
a capacity tester. This also applies to the
capacitor-start capacitor-run type motors.

2 I
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A B

77.306
Figure 8 -69. Connecting bars for A. low voltage

input; B. high voltage input.

RUNNING
WINDING

STARTING
WINDING

RUNNING
WINDING

111.92
Figure 8-60.A four-pole split phase motel'.

REVERSING THE DIRECTION OF ROTATION
OF A SINGLE PHASE MOTOR

only. If these leads are brought outside the
motor, a switch may be used to reverse the
rotation. The direction of rotation is from a
starting winding pole to a running winding pole
of the same polarity, as shown in figure 8-60.

MOTOR AND GENERATOR AIR COOLERS

Some large electric motors and generators,
Such as propulsion generators and motors, are
equipped with surface-type air coolers. In this
system the air is circulated by fans on the
rotor in a continuous path through the machine
windings and over the water-cooled tubes of
the cooler. The cooler is of double-tube con-
struction (one tubennside another) to minimize
the possibility of damage due to water leakage.
The location of the air cooler in a generator
is shown in figure 8-61.

The air and water sides of air cooler tubes must be
kept as clean as possible because foreign deposits will
decrease heat transfer. When the air side of the tubes
requires cleaning, the individual tube bundles may be
removed and washed with hot water or cleaned with a
steam jet. The water side of cooler tubes must be
cleaned in accordance with instructions contained in the
Nav Ship's Technical Manual, chapter 254.

When a leak between an inner tube and the
tube sheet occurs, water will seep from the
cooler head, through the leaky joint into a leak-off
compartment and out the leakage drain. If a
leak occurs in an inner tube, water will seep

AIR
TEMPERATU

OAOE

COLLECTOR
RING

COVER

MN
COOLER

GENERATOR

77.85
Rotation of the single phase motor is usually Figure 8-61.Generator equipped with an air

reversed by reversing the starting winding leads cooler.
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into Riots in the outer tube where it is carried
to a leak-off compartment and out the leakage
drain. The leakage drain line is equipped to
give a visual indication of the presence of
water in the line.

When a leaky tube is found, both ends of the
tube should be plugged with plugs provided as
spare parts or with condenser plugs. When the

--number of plugged tubes in a cooler section
becomes large enough to adversely affect the
heat-dissipating capacity of the cooler, the cooler
section must be removed and replaced.

MANDATORY TURN-IN REPAIRABLES

Since you will no doubt encounter the terms
"mandatory turn-ins" and "repairables" in the
process of obtaining replacement parts from
supply, you should understand the purpose of
the repairables program and your responsibilities
to it.

When a component fails, your primary concern
is to locate the trouble, correct it, and get
the equipment "bank on the line." In most oases
this involves troubleshooting the equipment and
tracing the trouble to the defective component,
drawing a replacement from supply, installing
it and discarding the old one.

The repairables program enters the picture
when defective parts are expensive, and can be
economically repaired at the factory. In these

cases time and money are saved . since it is
quicker and cheaper to repair an item than to
contract to a manufacturer to hive a :ow one
built. The old part should be promptly turned
into supply so there is always recycling of
that part in the supply system.

For the repairables program to work as
intended, you and others have certain responsi-
bilities. At the time you turn in your request
for a replacement part, supply must inform you
at that time whether or not it is a mandatory
turn-in item. At this point proceed as follows:

Remove the defective part without damaging
it.

Provide adequate protection for the part
to prevent additional damage. Use the same
container in which the new one was packaged
if at all possible.

o Return the defective part to supply as
soon as praotioable.

DO NOT CANNIBALIZE THE PART FOR COM-
PONENTS YOU THINK YOU MAY NEED FOR
FUTURE USE.

When the required part is not in the storeroom,
supply must take appropriate action to obtain it.
The failed part should be turned-in to supply prior
to receiving the new one, unless its removal will
cause limited or reduced operating capabilities.



CHAPTER 9

SHIPBOARD LIGHTING

The EM is charged with the responsibility
of maintaining the lighting distribution system
aboard naval vessels. This system comprises
the ship's service general lighting, navigational
lights, and signal lights, including searchlights.

The lighting system must maintain continuity of
power to selected vital lighting circuits by means of
separate power sources and switching equipment that
selects, in an orderly fashion, a power source suitable
for proper system operation.

At times you will be directed to install new lighting
circuits or equipment and may find yourself without
installation plans or drawings. Other times you will be
correcting deficiencies found while conducting PMS
checks, routine tests, or inspections. For these and
various other reasons you should be intimately familiar
with the lighting system aboard your ship. Always refer
to applicable blueprints, drawings, and the Ships
Installation Book before attempting repairs on the
system. Additional information is found in NavShips'
Technical Manual, Chapters 330 and 422.

LIGHTING DISTRIBUTION SYSTEMS

The lighting distribution system in naval
vessels is designed for satisfactory illumination,
optimum operational economy, maximum con-
tinuity of service, and minimum vulnerability
to mechanical and battle damage. Man" lips
have two sources of power supply for ghting
fixtures. Normal supply is from the ship service
bus. A designated number of fixtures can als
be supplied from the emergency distrit- Mon
system. Additionally, there is a third lighting
system that consists of battery-powered, relay-
operated, hand lanterns.

The first two systems consist of feeders
from the ship's service or emergency power
switchboards, switchgear groups, or load centers
to distribution panels or feeder distribution fuse
boxes, located at central distribution points
from which power is distributed to the local
lighting circuits.

The 9-c ship's service power feeders are
either 450-volt or 120-volt, 3-phase, 60-hertz
circuits. The lighting supply circuits are 450-volt,
3-phase, 60-hertz, 3-wire circuits supplied from
the power distribution system to 450/120 volt
transformer banks (fig. 9-1).

A typical vital "lighting load has access to two
switchboards (fig. 9-1). Selection to either of these
sources is automatically accomplished through an
automatic bus transfer (ABT) switch. Additionally, the
emergency switchboard has three power supplies that
are independent of each other. As a result of this
arrangement. the vital lighting load car be automatically
supplied from several primary sources.

The system shown in figure 9-1 operates as follows.
If an undervoltage condition develops on switchboard
25A, which is the normal supply for ABT switch #I,
then the ABT switch will transfer the lighting '. ad
center panel to the emergency lighting load center
panel. The power source for the latter panel is
emergency switchboard 2E.

Emergency switchboard 2E is energized either from
its normal or alternate ship service supply !ceders, or the
locrl emerge cy generator. Transfer between these
suppiles is i ;omplIched automatically by three
electrically operate,' circuit breakers. The circuit
breakers are -loctrically and m hanically interlocked to

9.1
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'Figure 9-1. Lighting distribution system.

irevent closing of more than one breaker at a tithe.
Normally, the emergency switchboard is energized from
one of the two ship service supplies. If voltage on the
.ionnal ship service supply bus drops to 300 volts, or
'ic!ri.,v, the load i ,,urorntitically transferred to the
all supply tf 4!if) v as or above is available at this
source (If 400 volt. or above is restored to the normal
supply, the load will automatically retransfr,r to the
normal supply,) 'Should both ship service supplies fail
completely, or their voltage drop below 300 volts, the
transfer system will operate automatically to start the
emergency generator and connect it to the emergency
switchboard.

Three small transformers are used instead of one
large transformer because the loss of a composit,, wilt
would result in a loss of power. By using three separate

450/120=

ABT

77.48(77C)

transfo.thers reliability is increased. In the ev,,it of an
enemy hit or failure to one of the NO of three
single-phase transformers the remaining two v ill ',till
carry about 58 percent of the initial bank capacity. By
simply disconnecting the defective transformer the
remaining twr transformers will be connected open
delta, In an r1; m delta connection, the line current mi.,'
be reduced so as to not exceed the rated current of We
individual transformers. Each transformer !link consists
of three single-phase, delta-delta connected transformers
(fig. 9-2).

AUTONIATIC BUS TRANSFER SWITCHES

The A2 Modef.Automatio Bus Transfer Unit
is designed to handle smaller loads and operate

2.3
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Figure 9-2.--Delta-delta transformer connections.
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on 120-volt, 60-hertz circuits. This unit (fig. 9-3)
may be used on single- or 3-phase circuits.
For purposes of explanition the 3-phase unit
will be discussed.

The A2 ABT is. designed to transfer auto-
matically from normal to emergency supply
upon a decrease in voltage to within the 81/69-volt
range across any two of its three, phases. Upon
restoration of the voltage to the range of 98/109
volts the unit is adjusted to retransfer to the
normal source of supply. An intentional time
delay is included in the circuitry of from 0.3
to 0.5 seconds for both transfer and retransfer
to allow for surges in line voltage and short
duration losses in power.

The A2 unit shown in figure 9-4 is equipped
for manual operation by placing the control
disconnect in the manual position and operating
the manual handle.

Automatic operation is accomplished when
the normal supply voltage drops to the dropout
range and relay 1V, 2V, and 3V drop out.
Contact 1 Val. opens disconnecting relay SE.
After a time delay of from 0.3 to 0.5 seconds,
relay SE opens closing its SEbl and SEb2 contacts
and energizing relay 4V from the emergency
source. Contact 4 Val in closing connects the
emergency source to coil TS of the transfer
switch which in turn operates, transferring the
load to the emergency source.

Presently, contacts TSa4 and TSa5 open dis-
connecting coil TS from its operating circuit.
TS is now held in the operated condition mechani-
cally, however and the transfer is now complete
to the emergency supply.

Upon restoration of the normal power to
the selected range the retransfer is begun 'by
the energizing of relays 1V, 2V, and 3V which
close energizing relay SE. Contacts SEb1 and
SEb2 now open, disconnecting relay 47 from the
emergency source. After the time delay, relay

9-4

4V opens, closing its 4Vb1 contact and completing,
the normal supply circuit to the transfer switch
coil, TS, which again operates transferring the
load back to the normal supply. Presently the
transfer coil contacts TSb4 and TSb5 open,
disconnecting the coil from the circuit. The coil
is again mechanically held and the retransfer
is now complete.

Care must be exercised when testing the ABT units
to ensure that they do not include in their load vital and
sensitive electronic circuitry which will be adversely
affected by the loss and almost instant return of power.
Electrician's Mates must ensure that all other group's are
adequately informed of power supply system tests to I-
performed.

LIGHT SOURCES

The sources of electric light used in naval
vessels are the (1) incandescent, (2) fluorescent,
and (3) glow lamps. A complete list of lamps
used by the Navy is contained in federal item
identification ,number sequence in the Illustrated
Shipboard Shopping Guide (ISSG), carried aboard
All ships. This list includes the electrical charac-
teristics, physical dimensions, applications,
ordering designation, and an outline of each
Navy-type lamp.

INCANDESCENT LAMPS

The incandescent lamp consists of a tungsten
filament supported by a glass stem. The glass
stem is mounted in a suitable base that provides
the necessary electrical connections to the
filiament. The filament is enclosed in a trans-
parent, or translucent glass bulb from which
the air has been evacuated. The passage, of ,an
electric current through the filament causes it
to beporne incandescent end to emit light.

All Navy-type, 115- or 120volt lamps (un to and
including the 50-watt sizes) are of the vacuum type and
all laMps above 50 watts are of the gas-filled type. The
use of an inert gas, which is a mixture of argon and
nitrogen gases allows it to be operated at higher
temperatures that result in higher efficiencies. Lamps
under 50 watts are of the vacuum type because the
effectiveness of the inert gas in increasing the luminous
output is less pronounced in the lower-wattage lamps.

2 7` 0
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STANDARD LINE (A)

Q
B --

CANDELABRA (C)

GLOBULAR (G) PARABOLIC (MR)

PEAR SHAPED (P) PEAR SHAPE WITH REFLECTOR (R) STRAIGHT SIDE (S) TUBULAR (T)
STRAIGHT SIDE (PS)

TUBULAR

Figure 9-5. Classification of lamps according to shape of bulbs.

The incandescent lamp is further subdivided
into tungsten- and carbon-filament types. The
tungsten-filament lamps comprise most of those
listed in this group.
Rating

Incandescent lamps are rated in watts,
amps .es, volts, candlepower, or lumens,depend-
ing on their type. Generally, large lamps are
raced in volts, watts, and lumens. Miniature
lamps are rated in amperes for a given single
voltage and in candlepower for a voltage-range
rating.

Classification
Standard incandescent lamps are classified

According to the (1) shape of bulb, (2) finish of
bulb, and (3) type of base,

12.80

The classification of lamps according to the
shape of bulb with the corresponding letter
designation is illustrated in figure 9-5. The
designation letter, which denotes the shape of
the bulb, is followed by a numeral (not shown)
that denotes the diameter of the bulb in eights
of an inch. For example, if the lamp illustrated
in figure 8 -SF, is designated PS-62, it is a
lamp with a pear-shaped bulb and straight sides
having a diameter of 52/8, or 8-1/2 inches.

The clear lamp consists of a bulb that is
made of u.iolouded or luminous glass, which
exposes the filament to view. These lamps are
used with rt fleeting equipment that completely
conceals the imps to avoid glare. Clear lamps
can be use- el open-bottom reflecting equip-
ment whet t41 units are mounted sufficiently
high for the lampu to be out of the line of vision.

9.62
72
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The inside frosted lamp consists of a glass
bulb that has the entire inside surface coated
with a frosting, which conceals the filament
and diffuses the light emitted from the lamp.
These lamps can be used with or without re-
flecting equipment.

The white bowl lamp is equipped with a
glass bulb that has the lower portion sprayed
with a white enamel. The white bowl Mush
increases the size of the visible light, reduces
the brilliancy, and diffuses the light rays to
reduce glare. These lamps, which are usually
over 120 watts, are used with open-bottom
reflecting equipment.

The silvered bowl lamp is provided with a
glass globe that has a coating of mirror silver

on the lower half, which shields the filament
and provides a highly efficient reflecting surface.
The upper portion of the ,bulb is inside frosted
to eliminate shadows of the fixture supports,

Theselamps are used with units that are de-
signed for indirect lighting systems.

The colored lamp may consist of a colored-
glass bulb. These lamps are used for battle /
and general lighting, and safety lights.

The classifioaton of lamps according to the
type of base is illustrated in figure 9-6. The /
size of the base is indicated by name, including /
miniature, candelabra, and intermediate; the
type of the base provided with the differe
sizes is also denoted by name, including sore
bayonet, prefocus, and hipin.

1101 U
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Figure F-6. Classification of lamps according to type of base.
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The miniature, candelabra, and intermediate
types of bases (fig. 9-6A, B, and C) are used
on small size lamps for detail lighting.

The medium Wise (fig.' 9-6E), which is the
most commonly used type, is used on lamps
(up to and including SOO watts) for general
lighting.

The admedium base (fig. 9-6D) is slightly
larger in diameter than the medium base and

. is used on some mercury lanips.
The mogul base (fit. 9-6F) is used on lamps

rated above 300 watts.'. A three-contact mogul
base is usually used on the higher"ittage
3-way lamps and the medium scmw base ieusedon the lower wattage 9 -way lampt.

The medium and mogul prefocusedi bases
are used on lamps provided with condeitrated
filaments, such ad those used for motion picture
projection..

The medium bipin base is used on fluoresc nt
lamps described later in this chapter. The
medium bipost base is used on lamps of 0
750, 1000, 1250, and 1600 watts principally r
indirect fixtures. This design'allows better h at
radiation than can be obtained with the mogul
screw base.

The mogul bipost base is used on lamps of
500, 1000, and 1600 watts and above including
floodlights.

Characteristics

The average life of standard lamps ar general
lighting service, when operated at rated voltage,-
is 750 hours for some sizes and 1000 hours
for others. The light output, life, and electrical
characteristics of a lamp are waterially affected
when it lo operated at other than the design
voltage. Operating a lamp at less than rated
voltage will prolong the life of the ramp and
decrease the light output. Conversely, operating
a lamp at higher than rated voltage will shorten
the life and increase the light output. Lamps
should be operated as closely as possible to
their rated voltage.

FLUOR2SaNT.IjtMPS

The flucirescent lamp is an electriezi

end to comprise two electrodes (fig. 9-7). The
bulb contains a drop of mercury and'a small
amount of argon gas.. The inside surface ofS
the bulb is coated with a fluoredoent phosphor.
The lamp produces invisible, short-wave (ultra-
violet) radiation by the discharge through the
mercury vapor in the bulb. The phosphor absorbs
the invisible radiant energy and reradiates it
over a band of wavelengths that theieeye is Benet-
tive to. Note: A black dot inside a lamp symbol
designates a gas filled tube.

Fluorescent lamps are now used for the
majority of botlt red and white lighting on naval ,

ships. Red lightft is achieved through the use
of red plastic sleeves that slide over the lamps;
The Navy has standardized on three lamp sizes;
8' watts, 16 watts, and 20 watts. The' use of
ftdorescent tants of over 20 watts has been
,limited to special installations. For example,
60-watt lamps are being used in hangar spaces,
over workbenches in weapons repair shops,
and in dock basins on LSDe (landing ship dock).

Operation

Fluorescent imps installed aboard ship are
of the hot-cathode, preheat starting type. A
fluorescent lamp equipped with a glow-switch
et, ter is illustrated in figure 9-7A. The glow-
switch starter is esstiltially a glow lamp
containing neon or argon gas and two metallic
electrodes. One electrode has a fixed contact,
and the other electrode is a U-shaped, bimetal
strip having a movable contact. These contacts
are normally open.

When the circuit coritaii is closed there is
practically no voltage drop 0.cross the ballant,
and the voltage across the starter, 13, is sufficient
to produce a glow around the bimetallic strip
in the glow lamp. The heat from the glow causes
the bimetal strip to distort and touch the fixed
electrode. This action shorts out the glow, dis-
charge and the bimetal strip starts to cool as

.the starting circuit of the fluorescent lamp is
completed. The starting current flows through the
lamp filament in each end of the fluorescenttubo,
causing the mercury to vaporize. Current does
not flow across the lamp betwee.., the electrodes
at this time because the path is short circuited
by the starter and 't Joause the gas, in the bulb
is nonconducting when the electrodes are cold,

rge The preheating of the fluoresce d tube continues
lamp thit' consists Jot an elongated tubular bulb until the bimetal strip in the starter cools
'with Insige-cord filament sealed in each sufficiently to open the starting circuit,

9-82 4
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When the starting circuit opens, the decrease
of current in the ballast produces an induced
voltage across the lamp electrodes. The magni-
tude of this voltage is sufficient to ionize the
mercury vapor and, start the lamp. The resulting
glow discharge (arc) through the fluorescent
lamp produces a large amount of ultraviolet
radiation that impinges on the phosphor, causing
it to fluoresce and emit a relatively bright
light. During normal operation the voltage across
the fluorescent lamp is not sufficient to produce
a glow in the starter. Hence, the contacts remain
open and the starter consumes no energy.

A fluorescent lamp equipped with a thermal-
switch starter is illustrated in figure 9-7B.
The thermal-switch starter consists of two nor-
mally closed metallic contacts and a series
resistance contained in a cylindrical enclosure.
One contact is fixed, and the movable contact
is mounted on a bimetal strip.

When the circuit switch is closed the starting
circuit of the fluorescent lamp is completed
(through the series resistance, R) to allow the
preheating current to flow through the electrodes.
The current through the series resistance pro-
duces heat that causes the bimetal strip to bend
and open the starting circuit. The accompanying
a« thc :ht.. ballast.
'starts the lamp. The normal operating current
holds the thermal switch open.

Although the fluorescent lamp is basically an
a-c lamp, it can be operated on d-c with the
proper auxiliary equipment. The current is con=
trolled by an external resistance in series
with the lamp (figure 9-7D). Since there is
no voltage peak, starting is more difficult and
thermal-switch starters are required.

Because of the power lost in the resistance
ballast box in the d-c systein the overall lumens

, per watt efficiency of the d-c system is about
60 percent of the a-c system. Also, lamps
operated on d-c may provide as little as 80
percent-of rated life.

The majority of thermal-switch starters use
some energy during normal operation of the lamp.
However, this switch ensures more positive
starting by providing an adequite preheating
period and a higher induced starting voltage.

The efficiency of the energy conversion of a
fluorescent lamp is very sensitive to changes in
temperature of the bulb, therefore, a fluorescent bulb ih
a cold place will burn very dim and appear to be
defective.

The efficiency decreases slowly as the tem-
perature is increased above normal, but also
decreases very rapidly as the temperature is
decreased below normal. Hence, the fluorescent
lamp is not satisfactory for locations in which
it will.be subjected to wide variations in tem-
perature.

Fluorescent lamps should be operated at
voltage within + 10 percent of their rated
voltage. If the lamps are operated at loiger
voltage, uncertain starting may result, and if
operate', at higher voltages, the ballast may
overheat. Operation of the lamps at either lower
or higher voltages results in decreased lamp
life. The performance of fluorescent lamps
depends to a great extent on the. characteristics
of the ballast, which determines the power
delivered to the lamp for a given line voltage.

When fluorescent lamps are operated on
a-c circuits, the light output executes cyclic
pulsations as the current passes through zero.
This reduction in light output produces a flicker
that is not usually noticeable at frequencies
of 50 and 60-hertz, but may cause unpleasant
stroboscopic effects when moving objects are
-,-11-....vvod. 'Mc cyclic c^n rsir4raizca4
by combining two or three lamps in a fixture
and operating he lamps on different phases of
a 9-phase system (fig. 9-7C). Where only single-
phase circuits are available, leading current
is supjlied to one lamp and lagging current
to another so that the light pulsations compensate
each other.-

The fluores,ent lamp is inherently a high
'power-factor device, but the ballast required to stabilize
the arc is a low power-factor device. The voltage drop
across the ballast is usually equal to the drop across the
arc, and the resulting power factor for a single-lamp
circuit with ballast is about 60 percent.

The majority of the difficulties encountered
with fluorescent lights are caused by either
wornout or defective starters, or by damaged
or expended lamps. Lamps are considered de-
fective when the ends are noticeably black in
color. Hence, when abnormal operation of a
fluorescent fixture is observed, the difficulty
cad usually be remedied by replacing either
the starter or the lamp or both..
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CAUTION: Fluorescent lamps comain mercury
which is extremely toxic! Mercury can be swallowed,
inhaled, or absorbed through the skin. Although the
amount of mercury contained in each fluorescent lamp
is small, the combined numbers of lamps used on-board
ship could impact on health and marine life if not
properly disposed of: All used fluorescent lamps must
be turned in at the nearest defense property disposal
office, ship repair facility, or naval shipyard. If a
fluorescent lamp gets broken, avoid breathing the
mercury vapor, and be extremely careful in handling the
broken glass to avoid cuts. Mercury spillage must be
cleaned up promptly. Detailed cleanup and disposal
instructions are contained in NAVSHIPS' Technical
Manual, Chapter 670.

GLOW LAMPS

The glow lamp is a device in which light is produced
by an ionization process which creates the flow of
electrons through an inert gas such as neon or argon, the
effect of which causes a visible colored glow at the
negative electrode.

.1"A!cate.:. et. pil,trf I.. V %SLAV,* WY. .16

lights for various instruments \and on control
panels. These lamps have relatively low light
output, and thus are used to indicate when
circuits are energized or to indicate the opera-
tion of electrical equipment installed in remote
locations. .

The glow lamp consists of two 8losely-spaced
metallic electrodes sealed in a glass bulb that
contains an inert gas. The colqr of the light
emitted by the. lamp depends on the gas. Neon
gas produces an orangered light, and argon.
gas produces a blue light. The lamp must be
operated in series with a: current - limiting device
to stabilize the discharge. This current-limiting
device consists of a high resistance that is
sometimes contained in the lamp base.

The glow lamp produces lig'.t only when
the voltage exceeds a certain st-pcing voltage.
As the voltage is decreased se" ewhat below
this value, the, glow suddenly z..liishee. When
the lamp is operated on alternating current,
light is produced only during a portion of each
half cycle and both electrodes are alternately

surrounded with a glow. When the lamp is operated on
direct current, light is produced continuously, and only
the negative electrode is surrounded with a glow. This
characteristic makes it possible to use the glow lamp as
an indicator of alternating current and direct current. It
has the advantages of small size, ruggedness, long life,
negligible current consumption, and can be operated on
standard lighting circuits.

LIGHT FIXTURES

A lighting fixture, or unit, is a complete
illuminating device that directs, diffuses, or
modifies the light from a source to obtain more
economical, effective, and safe use of the light.
A lighting fixture usually consists of a lamp,
globe, reflector, refractor (baffle), housing, and
support that is integral with the housing or
any combination of these parts (fig. 9-8A).
A globe alters the characteristics of the light
emitted by the lamp. A clear glass globe (fig.
9-8B) absorbs a small percentage of the light
without appreciably changing -the distribution
of the lights A diffusing glass globe absorbs
a little more light sand tends to smooth out
v a ri ti nna 1.11 the apheyri /19 1 rii at rinnti ewo nf
light; whereas, a colored-glass or plastic globe
absorbs a high -percentage of the light emitted
by the lamp. A baffle conceals the lamp and
reduces glare. A reflector intercepts the light
traveling in a direction in which it is not noeded
and reflects it in a direction in which it will
be more useful.

CLASSIFICATION

Lighting fixtures are designated according to
the type of enclosure provided, as watertight,
nonwatertight, pressure-proof, or explosion-
proof. They are classified according to use
as (1) regular permanent fixtures, (2) regular.
permanent red-light fixtures,.(3) regular portable
fixtures, (4) miscellaneous fixtures, (5) naviga-
tional lights, and (6) lights for night-flight
operations.

Regular permanent fixtures (incandescent,
figs. 9-, ' and B, fluorescent fig. 9-8C) are
permanently installed to provide general illumi-
nation and such detail illumination as may be
required in specific locations. General illumi-
nation is based on the light intensity required
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A INCANDESCENT OVERHEAD
FIXTURE

-

$ INCANDESCENT
BULKHEAD FIXTURE

f Figure 9-8. Lighting fixtures.

for the performance of normL1 routine duties,
Detail illumination is provided wnere the general
illumination is inadequate for the performance
of specifio tasks. Sources include berth fixtures,
desk lamps, and plotting lamps.

Regular , red light .fixtures (incandescent or
fluorescent) are ;permanently installed to provide
low-level, red illumination in berthing areas, in access
routes to topside battle and watch stations, and in
special compartments and stations. The incandescent
fixtures are equipped with steamtight inside acid-etcht

,red globes.

77.38

Regular portable fixtures (incandescent) are
provided for lighting applications that cannot be
served by permanently installed fixtures. These
units are energized by means of portable-oables
that are plugged into outlets in the ship's service
wiring system and include bedside lights, desk
lights, and floodlights.

Miscellaneous fixtures (inoandescent or fluo-
rescent) are provided for detail and specia
lighting applications that cannot be served ay
regular pertnanent or regular .portable lighting
fixtures. These fixtures include boom lights, crane
lights, gangway lights, portable flood lanterns, hand
lanterns, and flashlights.

9:12 2"79
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SHOCK MOUNTING
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I/4" SQUARE
OLDED RUBBER

GASKET

BASE
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SLIP RING

CENTERING GASKET

LAMPHOLDER

GLOBE

TYPE TR 5
50-WATT LAMP

77.49
Figure 9-9. Symbol 92.2 watertight fixture.

Navigational 'lights (incandescent) include all
external lights (running, 'signal, and anchor),
except searchlights, which are used for navi-
gational rand signaling purposes -while underway
or at andhqr.

intervals to prevent a waste of energy and low
intensity of illumination.

The depreciation of the light caused by the
accumulation of dirt, dust, and film on the lamps
and fixtures greatly reduces the efficiency of
a lighting _system. The actual -loss of light
from this cause will depend on the extent to
which oil fumes, dust, and dirt are present in
the surrounding atmosphere, and on the fre-
quency with which the fixtures are cleaned.

When a fixture requires cleaning, turn off
the light .and remove the glassware from
the lamp, and, if practicable, the reflector
(if any). Wash the glassware, lamp, and refit'

with soap and water. Aviiid the use of str-.1.
alkaline and acid detergents when washing alu-
minum reflectors. Rinse the washed parts with
clean, fresh water to which a few drops of
ammonia are added to remove the soap film.
Dry the parts with a soft cloth and replace
them in the fixture.

To replace a burned-out lamp in a water-
tight fixture (fig. 9 -9), unscrew the securing
ring with a spanner wrench, remove the globe,
and replace the burned-out lamp with a new
one. Inspect the one-fourth of an inch gasket
in the base, and the centering gasket on the
outnitic r.cptz...
gaskets if they Eike worn or deteriorated. Insert
the globe and tighten the sccuri:ig ring onto
the base.

Lights for night-flight operations are used
to assist pilots (at night) when taking off -and
landing. These lights also provide .visual aid to
pilots for locating and identifying the parent,
aircraft carrier.

9

MAINTENANCE OF LAMPS

The lighting system should be maintained
at its maximum efficiency because artificial
light has an important bearing on the effeciiveneps
of operation of a naval vessel. All lighting
fixtures should be adequately cleaned at regular

NAVIGATION AND SIGNAL MGM::

Navigation and signar. do its incluue all extern
lights used to reduce possibility of collision
and to transmit intell bohce. Figure 9-10 shows
a general location of tr. r.' of these ; .7hts aboard
ship.

NAVIGATIONAL LIMITS

The number, location, arc, and range of
visibility of the navigation lights, which must
be displayed from sunset to sunrise by all
ships in International Waters, are established
by the International RegulaVons for Preventing
Collisions at Sea. Statutory law requires Naval
compliance with the International Rules cf tht.
Road, or has allowed an existing waiver or

9-13
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Figure 9-10. A general location of shipboard lights.

a waiver to he IE sued covering the vessel being
built. Figure 9- a illustrates the arcs of
visibility for shipboard running lights.

The RANGE LIGHT (white) for ships is a
20 -point (225°) light located on the foremast
or. in the forward part of the vessel. It is a
spraytight fixture provided with a 50-watt,
2 lamp and equipped with an external
:Alt Ad to show an unbroken light over an arc
of the horizon of points that is, from dead
ahead to 2 points abaft the beam on, either side.

The MASTHEAD LIGHT (white) for ships is also a
20-point (225 °l 50-watt 2-filament light located on the
mai.imart or the fore part of the vessel. The vertical

17 23(77C)

distance of the range light must be at least 15 feet
higher than the masthsead light and the horizontal
distance must be greater tlian the vertical distance of the
masthead light.

The PORT and STARBOARD SIDE LIGHTS
for ships are 10-point, 112 1/2° lights (fig. 9-12)
located on the respective sides of the vessel,
showing red to port and green to starboard.
The fixtures are spraytight, each provided with
a 100-watt, 2-filament lamp and equipped with
an external shield arranged to throw the light
from dead ahead to 2 points abaft the beam
on the respective sides.

The STERN LIGHT (white) for ships is a
12-point 1135°) light located on the stern of

. 9-14 281
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Figure 9-12. Side light.

the ye_ It is a watertight fixture provided
with a 60-watt, 2-filament lamp 'and equipped
with an external shield to show an unbroken
light over an arc of the horigilt of 12 points
of the c Impass that is, from dead astern to

points on each side of the ship.
The UPPER and LOWER TOWING LIGHTS

(white) for ships not normally engaged in towing

operations are 20-point (225°) lights similar to
the previously described nasthead and range
lights. They are portable fixtures, each equipped
with a 50-watt lamp and a type THOF-3 cable
and- plug connector for energizing the lights
from the nearest lighting receptacle connector.
When these lights are used, they are located
vertically (6 feet apart) in the fore part of
the vessel.

The BREAKDOWN and MAN-OVERBOARD
LIGHTS (red) for ships are 32-point (360°)
lights located 12 feet apart ( vertically)' and
mounted on brackets that extend aft of, and to
starboard of the mast or structure. This
arrangement permits visibility, as far as prac-
ticable, throughout 360° of azimuth. The fixtures
are spraytight and equipped with 15-watt, 1-
filament lamps. When these lights are used
as a man-overboard signal, they are pulsed
by a rotary snapswitch (fitted with a crank
handle) on the signal and anchor light supply
and control panel. These lights are mounted
and operated in conjunction with the ship's
task lights.

-

The SHIP'S TASK LIGHT is an array
consisting of three 32-point (360°) lights, stepped
out 45 degrees aft and to starboard of

other

mast,
in a vertical line one over ,The other so that
the upper and lower lights shall be the same

9-15 2S2



ELECTRICIAN'S MATE 3 & 2

distance from, and not less than six feet above
or below, the middle light and be visible all
around the horizon at a distance of at least
2 miles. The upper and lower lights of this
array shall be red, utilizing the presently
installed Man-overboard and Breakdown Lights,
relocated as necessary. The center light shall
be a clear white light.

These lights shall be connected to the Navi-
gational Light Supply and Control (no telltale)
Panel as follows: .

(1) So that the two red lights may be burned
steadily to indicate the ship is Not Under Com-
mand;

(2) So that the two red lights may be flashed
by rotating the switch (crank type) handle, to
Indipate a man-overboard xonditione3dsts:

(3) So that the three lights will burn simul-
taneously to indicate the ship is either launching
or recovering aircraft or engaged in replenish-
ment-at-sea operations, and by the nature of
its work is unable to get out of the way of
approaching vessels. 'The switch for this appli-
cation shall be labeled "Ship's Task Lights."

The FORWARD and AFTER ANCHOR LIGHTS
(white) for ships are 32-point (360°) lights.
The forward anchor light is located the
.tem of the vessel, and the after anchor light
is -at the top of the flagstaff. The fixtures are
splash-proof, each provided with A 50-watt,
1-filament lamp. The anchor lights are energized
through individual on-off rotary snip switches
on the signal and anchor light supply and control
panel in the pilothouse.

Testing Navigational Lights

All shipboard navigational lights are tested
daily while at sea. The test is usually made one
hour prior to sunset by the Quartermaster.

The SUPPLY, CONTROL, and TELLTALE
PANEL for tha running lights is a nonavater-
tight, sheet metal' cabinet designed for bulkhead
mounting (fig. 9-13).

This panel is provided to aid a ship in keeping
its running lights lit as prescribed by the

77.42
Figure 9-13. Supply, control, and telltale panel.

rules for preventing collisions at sea. It is
installed in or near the pilot house and g'ves
an alarm when one of the ruhning lights (mast-
head, stern, range and side lights) is out or
has had a failure of its primary filament and
is operating on its secondary filament.

Failure of the primary filament, or its circuit,
of any one of the folloWing lights: masthead,
stern, range, and side lights, deenergins a
relay. This relay effects a transfer of power
to the secondary filament of the affected light,
sounds a buzzer, 1114s an indicator light and
moves an annunciator target to read, OIIT (reads
RESET when deenergized). The buzzer may be
silenced by turning the hawle of the reset
switch 90° (to the horizontal position); however
the indicator lamp of the affected light stays

_lit until the repairhasbP-en-completed and

9-16
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elt,

the reset switch is turned back to t normal
(RESET) position. Certain ships have permanent
towing lights installed and, connected to control
switches on the telltale panel. The towing light
switches are manual. When failure of the primary
filament occurs in towing lights connected to

--thispanelthe-switch-must be manually turned
to the position marked "SEC", to energize
the secondary filament.

Sequence of Operations,

The operations of the supply control and
telltale panel are easily seen by following the
schematic diagram in figure 9-14. For simpli-
fication this schematic shows only one of the
five _running lights, the operation is the same
for all live.

When the primary fiment of a running light
is lighted, relay contacts pc, Y and Z) are open,
indicator lamps, annunciator and buzzer are not

115V
SUPPLY

PHASE A
DIMMER CONTROL ABEL

RESISTOR

OFF I
1

energized, reset switch must be kept pointing in
the (vertical) "RESET" (marked position) under
normal condition or buzzer will not be energized
when a failure occurs.

If the primary filament circuit is opened,
as when the filament burns out, the relay is
de-energized closing contacts (X and Y), second-
ary filament is lighted, indicator lamps are
lighted, annunciator target moves to "OUT"
position (closing contact Z) and the buzzer'
sounds.

When the "RESET" switch handle is turned to the
horizontal (unmarked position), the buzzer is silenced
but the indicator lamps remain lighted and the
annunciator target is still OUT.

When the defective lamp is replaced, (oi
fault in primary circuit is corrected) the relay
coil is energized and relay contacts (X and Y)
are opened, annunciator coil is deenergized
(opening contact Z) and target indicates RESET,
secondary filament is deenergized, indicator
lamps remain lighted.

DIM I PRIMARY
I FILAMENT ' RELAY

115V
SUPPLY
PHASE B

OFF

1, f
i

4.

115V
SUPPLY

PHASE C

ON

IMEN. ,111 01
SECONDARY

FILAMENT

. e

I II
,IND1CATOF\ I

LIGHTS

ANNUNCIATOR

BUZZER

Ns--1
1 *---11UNMARKEDI

RESET MARKED)

ON

. ,

Figure 9-14. Running light control schematic diagram.
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Reset switch is returned to RESET (vertical)
position, indicator lamps go out and entire unit
is agaie in normal condition.

A dimmer control panel connected as shown
in figure 9-14 is provided for dimming the

irtg s-when-directed-.- This panel provides-
but one position of dimming. In the dim position
the visibility of the range, masthead, side lights,
and stern light is reduced to about 4000 yards.
The sequence of operation of the telltale panel
is the same whether the running lights are
in the light or dimmed condition.

Nay .tion lights do not conform to the rqles
of the road when in the dim position; therefore
they are dimmed only when directed by higher
.authority.

SIGNAL LIGHTS (STATION
OR OPERATIONAL)

The AIRCRAFT WARNING LIGHTS (red) for
ships are 32-point (360°) lights (fig. 9-15A)
installed at the truck of each mast. Two aircrafi
warning lightS are installed if the light cannot
be located so that it is visible frotri any location
throughout 360° of azimuth. However, a separate
aircraft warning light is not required if a 32-
point red light is installed at the truck of a
mast for another purpose. The fixtures are
spraytight and equipped with multiple socket's
provided with 15-watt, 1-filament lamps (fig.
9-15B) .

The STERN LIGHT (blue) for ships is a
12-point (135°) light similar to the previously
described white stern light. It is a watertight
fixture provided with a 50-watt lamp . and is
installed near the-stern on ships that are engaged
in convoy operations and mounted to show an
unbroken arc of light from dead astern to six
points on each Side of the .ship.. .

The WAKE LIGHT (white) for .ships is in-
stalled on the flagstaff or alter part of the ship
to illuminate the wake, and mounted so that
no part of the ship is illuminated. The fixture
is spraytight and of tubular construction. One
end of the fixture is fitted with an internal
screen, having a 1-inch diameter hole provided
with a lens (2-6/16" diameter x' 3/8" thick)
through which ight is emitted from a 100-watt,
2-filaMent lamp. A suitable mounting 'bracket

a

RED

A
AIRCRAFT WARNING LIGHT

WHITE.

D MULTIPLE
SOCKET

C FIXTURE

SPEEb LIGHTS

77.44
Figure 9-15. Aircraft varning and speed lights.

is included for adjusting the position of the light.
Thus, the wake light puts a "target" in the
ship's vfake,

The SPEED LIGHTS for ships are combination
red (top) and white (bottom), 32-point (360°)
lights (fig. 9-15C). They are located at the

j. -ah .0""
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truck (top) of the mainmast, except when the
height of the foremast is such as to interfere
with their visibility; in this case, they are
located at the truck of the foremast. Two speed
lights are installed if their light cannot be
located so that they are visible throughout 360°
of azimuth.

. -
Speed lights are provided to indicate (by

means of a coded signal) the speed of the
vessel to ships information. In other words,
they indicate the order being transmitted over
the engine order system.. The white light indicates
ahead speeds, and the red light indicates stopping
and backing. The fixture is spraytight and equipped
with a multiple socket (fig. 9-15D) provided with
nine 15-watt, 1-filament lamps. Six lamps are
used in the ton of the socket for the red light
and three in the oOttom for the white lights each
light is energized from separate circuits.

The controller for the speed lights is'located
.in the pilot house.

The speed light controlletis energized through
the supply switch on the "signal and anchor
light ccatrol and supply panel. Automatic operation
of Alie speed light system is accomplished'by
placing thecircuit control switch in the MOTOR
PULSE position and the signal (speed) selector
switch-to the desired position. This action estab-
lishes connections to the motor-driven pulsator
to provide the proper signals. If the pulsator
unit should fail, manual operation of the speed
light system is accomplished by placing the
circuit control switch in the' Hand' Pulse. (Red
or . White) position. This action connects the
Hand Pulse key in the speed light circuit so
that the signals can be transmitted manually,
using the 'same code as that for the automatic
pulsator.

The speed light can be usedtas an aircraft
warning light by placinvrthe signal selector
switch in the stop position and the circuit control
switch in.the AIRCRAFT WARNING position.

The REVOLVING l;IEA:M'ASW (GRIMES) LIGHT
is displayed for .intership signaVng during ASW
operations and.is installed on all ships equipped
to participate in ASW operations. The light
is positioned on either the yardarm or .mast

.platform where it pan best be seen all around
the hcriion. Two nad, grIgen; and two amber
lenses are provided with each fixture. Colors
to be used are determined by goperatinif forces.

.
.

° 9 -19' n v
4 * kd u

The STATION MARKER BOX SIGNAL LIGHT-
(fig. 9-16) has nine holes each fitted with a
red lens. The hand-operated individual shutters
hinge upward. Illumination is by two 25-watt
shielded bulbs, one i a stand-by.

Gip watertight receptacle is installed at
each _replenishment- atmsea -stations outboard nea
or under the rail or life line. The lights ve
no special arcs-of-visibilitrrequiremente.

Station marking boxes b.re used fox: visual
communications between the replenishment-at-
sea stations of the sending and the receiving
ships. Specific combinations of lights indicate
that stores, su -h as water, fuel oil, and ammu-
nition, are to be sent to certain stations. When
the marker box is flagged correctly there will
be little chance of 'receiving the wrong cargo
at a station.

The Boatswain Mates will usually test the
station- marker box-prior to underway replenish-
ment, but you should be prepared for any possible
'trouble and have spare 4ght bulbs readily avail-
able,

41k

37.10
Figure 9-10. Station marker box.
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77.44
Figure 9-17.7 Blinker light.

reflection that may interfere with the navigation
of the ship. These lights are operatesk from -
signal keys located on each side of thesignal
bridge.

Olcier blinker units (fig. 9-17) have a cluster
of six- 15-.wa n-a-cingle multiple- lamp
socket, similarly rAnged as in the warning
light (fig. 9-16E). ter units (not illustrated) are
covered by NavShips drawing 816-F-1197117-B.
These later units have two clusters of six
lamps. Cluster NO. 1 may be used singly for
normal use. Cluster No. 2 may be added by
switching to in.rease brilliance forcommunioa-
tion at greater distance. Cluster No. 2 may be
selected alone whenNo. 1 fails,

Multipurpose Signal Light

The CONTOUR APPROACH LIGHTS are found
on replenishment-at-sea , delivery ships. The
lights assist the receiving ship coming longside
during replenishment operations by establishing
the delivery ship's contour lines. Two control,
approach red simal lights (135° arc are located
on each side of the delivery ship at the railing.
Additional lights may be installed"if astructions
exist beyond the deliveryl ship's parallel contour
lines. .

SI6tIAL LIGHTS (VISUAL
COMMUNICATION)

-41
The signal lights foil visual communication

include the blinker lights !located on the yardarm
and the searchlights.

Blinker Lights , .

The BLINKER LIGHTS (white) for ships are
.

32-point (1160°) lights (f g. 9-17) ,located, one
port and of.t: starboard, outboard on the signal
yardarm. The fixtt.res aria spraytight, each pro-
vided with 15-watt, 1-filiment lamps nd fitted
with a screen at

he
to prevent glare or

1

9

The portable multipuniOse signal light (fig.
9 -18) produces a high intensity beam of light
suitable for use as a spot or as a blinker
(by means of a trigger switch located on the
rear handle) for visual communications. The
light is designed to operate from an internal
battery (three type BA-2 dry cells connected
in parallel), or 'from the 120-volt a-c ship's
supply via At 120/20 volt transformer mounted
in the storage box. The front handle Is adjustable

oirwolIvUr

and front and rear sights provide for holding
thebeam on the desired target.

Supplied with the light, in addition to. the
stowage box, are red, green, and yellow lenses;
a 15-ft power cable for supplying power from
the ship's a-c source to the stowage box, a
25-ft cable for supplying power-from the stoVage%
box to the li and the m ufaeurer's technical
manual,

Searchlights

Naval searchlis wTv used to project a
narrow beam of light for the illumination of
distant objects and for, visual signaling.--To
accomplish its purposes the searchlight must
have an intense, congeptrated source of light,
a refleCtor that collects light from the /source
(to direct it in a narrow beam), and,a signal
shutter (to interrupt the beamlight).
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_Figure 9-18.-1Multipurpose signal light.

. Searchlights are classified according to size
of reflector and light source. The crree general
classe- ate the 8=inch, 12-inch, and 24-inch
searchcip. The ,8-inch searchlight is of the
sealed- am incandescent type; the 12-inch light
is of the incancscent type and the 24-incIN
searchlight is the carbon-arc type.

8-INCH SEALED-BpAMSEARCHLIGHT.
The -8-inch sittnalim If:earchlight utilizes an

REAR
HANDLE
ASSEMBLY

CONNECTOR

101.5

incandescent sealed beam lamp. It is designed
to withstand high vibratory shock and extreme
humidity conditions, And will nperste equ 11y
well in hot or cold climates.

This searchlighVmay be furnished (or opera-
tion with either a 60-1iart2. 115-volt transformer
to step the volt..4ge down to 23 volts, or without
transformer to operate on 115 volts using the
proper rated sealed beam unit. The same unit

9-21 28S
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77.62
Figure 9-19.-8-inch 60-hertz sealed-beam

searchlight.

is available for use on small craft from a
28-volt power source.

The searchlight (fig. 9-19) consists of the
(1) base, (2) yoke, (3) housing, and (4) lamp.
The BASE is equipped with a rail clamp for
securing the searchlight to the rail. The YOKE
is swivel mounted on the base to allow it to be
trained through 360°. The HOUSING provides
an enclosure for the lamp and is composed of
a front and a rear section. The front section
comprises the shutter housing, and the rear
section comprises the backshell housing. The two
sections are held together by a quick-release
clamp ring that permits easy replacement of
the lamp. The backshell and lamp assembly,
when detached, may be used as a portable
searchlight. The entire housing is mounted on
brackets attached to the shutter housing and
supported by the yoke to allow the searchlight
to be elevated or depressed. Clamps are pro-
vided for securing the searchlight in train and
elevation.

The SHUTTER HOUSING contains the venetian
blind shutter, which is held closed by springs
and manually opened by a lever on either side
of the housing. The front of the shutter housing
is sealed by the cover glass and a gasket.
The rear of the shutter housing is . enclosed
by a gaSket and adapter assembly. The adapter
assembly provides a locating seat for the lamp
and incorporates a hook and key arrangement
that aligns the backshell housing and retains
it in position while attaching the clamp ring
to hold the two sections together.

Three filter assemblies (red, green, and
yellow) are provided and can be readily snapped
in place over the face of the searchlight. The
shutter vanes can be locked in -the open position
for use as a spotlight.

The backshell housing prtles an enclosure
for the 115/23 volt transforme

To remove the lamp from the housing for
cleaning or replacement, tip the rear end of
the searchlight up to its highest position and
lock it in place. Release the clamp ring toggle
and remove the clamp ring (fig. 9-19). Remove
the backshell assembly by raising it up to
disengage it from the hook and tab. Pull the
gasketed lamp out of the shutter adapter assembly
by gripping the lamp gasket on its periphery
and lifting it out to disengage the gasket lugs
from the notches in the adapter assembly.

To replace the lamp 'in the lamp gasket, be
certain that the TOP marked on the lamp and
on the gasket are aligned, and that the lugs of
the lamp are firmly seated in the recesses
provided in the gasket. To replace the gasketed
lamp in the housing, be certb.in that the lugs
are set into the notches in the adapter assembly .
located inside, and at the rear of, the shutter
housing. Set the packshell assembly over the
shutter assembly, engaging the shutter hook
into the slot of the backshell. Using the hook
as a hinge, carefully swing the lower part of
the backshell down to the shutter assembly,
engaging the shutter tab into the notch in the
rolled edge of the backshell. Be careful to
swing the backshell gown in a 'straight line to
make direct engagement and to ensure proper
positioning of the lamp contacts on the terminals
of the lamp. Re lace the clamp ring, being
certain to have e hinge pin set into the notches
of the adapter d backshell assemblies.
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101.1
Figure 9-20. 12-inch incandescent searchlight.

12-INCH INCANDESCENT SEARCHLIGHT.
The 12-inch incandescent searchlight is used
primarily for signaling and secondarily for
illumination.

The searchlight (fig. 9-20) comprises the
(1) mounting bracket, (2) yoke, (8) drum, and
(4) lamp. The MOUNTING BRACKET permits
the searchlight to be secured to a vertical
pipe or to a flat vertical surface. The YOKE
is swivel mounted on the bracket to allow the
searchlight to be rotated continuously in train.
The steel DRUM provides housing for the lamp
and its trunnion mounted on the yoke to allow
it to be elevated and depressed. Clamps are
provided for locking the searchlight in any
position of train and elevation. ,

The SIGNALING SHUTTER is a venetian
blind shutter mounted inside the drum behind the
front door. It is held in the CLOSED position
by two springs and is manually opened by a
lever on either side of the drum. The parabolic
metal reflector is mounted on the inside of
the rear door.

The LAMP is usually a 1000-watt, 117-volt
incandescent lamp having special concentrated
filaments that reduce the area of the light
beam. The lamp is mounted in a mogul bipost
socket. The socket is located in front of the
reflector and can be adjusted only slightly.
The replacement of the lamp is accomplished
through the rear door of the searchlight.

Maintenance on 8- and 12-inch Searchlights.These
searchlights are maintained in accordance with the same
good practice that relates to all electrical and
mechanical equipment. Electrical contacts must be kept
clean and bright. Electrical leads should be checked
daily and replaced as soon as defects appear. Depending
on the amount of time they are used, moving parts such
as trunnion bearings and the stanchion socket must be
lubricated at intervals. Vane hinges and links should be
lubricated once a month, or more frequently if required,
with a mixture of graphite and diesel oil (diesel oil floats
the graphite into places needing lubrication). Shutters
should be opened for a few minutes after lubrication
with the door glass and cover open to allow the diesel
oil to evaporate. The lubrication mixture is applied
sparingly to prevent its clouding the glass or reflector.

At regular intervals the two shutter stop
screws, located next to the handles, are adjusted!
to take up wear in the leather bumpers that
cushion the shock of the shutters closing. To,
prevent twisting the shaft, the bumpers should
just touch the stop adjustment when the vanes
are closed. Shutter vanes are checked often to
ensure that all screws are tight.

The reflector is cleaned weekly or more
often to remove dust. Salt spray is removed
from the lens and reflector whenever needed.
To clean the reflector:

1. Ensure that the surface is cool. Touching
a hot surface with your bare skin can result
in a serious burn.

2. Use standard Navy brightwork polish.

3. Use cotton or a soft clean cloth.

4. Use radial motion from center toward rim
of reflector. Do not use circular motion.

Never paint a bearing surface or the working
member of any part of the light. Do not paint
bolts, locking nuts, other parts necessary for
access 'to the interior, or over nameplate dat
Keep oiling cups and holes free of paint.

Replacing the lamp and focusing should be done
only by qualified., Electrician's Mates unless a
member of the signal tang-is qualified.

9-23
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Figure § -21. 24-inch carbon-arc searchlight. (Front View.)

The light source must be. at the focus of
the reflector for minimum beam spread and
maximum intensity. Some types of 12-inch
incandescent searchlights are provided with
focusing adjustment screws. Other types can
be adjusted by loosening the screws that hold
the lamp - socket support plate in position. Move
the entire socket assembly toward or away from
the reflector until the beam has a minimum
diameter at a distance of 100 feet or more
from the light, and retighten the screws. When
checking the diameter of the beam, the tear
door must be tightly clamped shut.

A screen hood is provided for attachment to
the front door to limit the candle power of the
beam, to cut down its range, and to reduce
stray light, which causes secondary illumination

41,

77.60.1

around the main beam. The hood also provides
for the use of colored filters.

24-INCH CARBON-ARC SEARCHLIGHT.
The 24-inch carbon-arc searchlight (fig. 9-21)
consists of a (1) stationary pedestal, (2) turntable
with arms, (3) drum with iris and signaling
shutters, and (4) carbon-arc lamp. The turntable
is supported on the pedestal and can rotate
continuously in train; and the drum, which provides
a housing for the lamp, is trunnioned on the
turntable arms and can be elevated or depressed
through angles of 110° and 30°, respectively.

The pedestal is secured to the searchlight
platform, or base, and provides a mounting for
the turntable and main power switch. The turn-
table shaft is supported or two large ball bear,.

9-24
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assemblies inside the pedestal (not shown) to
allow the turntable and arms to rotate continuously
in train. The main power switch is mounted
inside the pedestal and is operated by a handle
that protrudes from the switch. cover. Terminal
tubes through the pedestal provide entrances
to the searchlight for the d-c supply cable and
the remote signaling key circuit.

The turntable and arms, which support the
drum, provide a mounting for the shutter switch
train clamp, elevation clamp, and elevation
stowing lock. Three collector rings mounted

NEGATIVE HEAD

NEGATIVE CARBON

NEGATIVE CARBON
FEED ROLLERS

NEGATIVE CARBON
RELEASE LEVER

on the turntable shaft (not shown) supply power
to the lamp and the remote signaling key circuit.

The- drum, or barrel, is essentially a sheet-
steel shell that provides an enclosure for the
lamp. It is equipped with trunnions that are
supported by bearings mounted on the turntable
arms to allow the drum to be elevated or
depressed through angles of 110° and 30°,
respectively. Handles are provided at the front
and rear of the barrel for swinging the search-
light in train and in elevation to direct the
beam of light. The barrel includes the lamp
housing, front door and dome glass, iris shutter,

POSITIVE HEAD

POSITIVE CONTACT POSITIVE CARBON

NEGATIVE CARBON BRUSH_
PRESSURE ADJUSTING NUT

THERMOSTAT LENS
AND FRAME

NEGATIVE
DRIVE SHAFT

THERMOSTAT
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LAMP BOX

RELEASE LEVER
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DETENT

DETENT WHEEL
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FEED ROLLERS
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ROTATING POSITIVE
DRIVE SHAFT

POSITIVE CONNECTION

POSITIVE FEED SHAFT

HANDLE

POSITIVE TERMINAL

NEGATIVE TERMINAL

Figure 9-22. 24-inch carbon-arc lamp.
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sector-vane (signaling) shutter, rear door and
reflector, and ventilating system.

The carbon -arc lamp utilizes a high intensity
d-c arc between. special cored carbon electrodes.
It .is designed for operation, with an arc ballast
resistor (located below deck) supplied from the
ship's 120-vc!t, d-c power. The arc current
is adjusted for 75 to 80 amperes with an arc
voltage of 65 to 70 volts. The arc-ballast resistor
is connected in series with the. arc to limit
the starting current, stabilize the arc, and
absorb the difference between the line voltage
and arc voltage.

The function of the lamp. mechanism is to
hold and control the carbons to produce a source
of light (always) at the focus of the reflector.
The lamp consists of the positive head, negative
head, and lamp operating mechanism (fig. 9-22).
The positive and negative heads are secured
to the head-supporting column mounted on the
lamp base, or box, that contains the mechanism
for automatically operating the lamp. The auto-
matic features of rotating and feeding the positive
carbon, feeding and retracting of the negative
carbon, starting the arc, and providing ventilation
are accomplished by the lamp (feed) motor
and associated equipment contained in the lamp
base.

Preventive Maintenance. The 24-inch car-
bon-arc searchlight requires that the signalmen,
and other personnel who frequently use search-

. Lights, be carefully instructed on how to operate
them. When operating carbon-aro searchlights,
personnel must be impressed with the importance
of renewing carbons before the positive carbon
has burned se, short that it cannot be gripped
by the feed rollers and fed toward the arc.
If the positive cation is permitted to burn
after this condition occurs, the arc burns closer
to the positive nose (obturator) and will finally
cause it to melt.

Operators must frequently observe the arc
of . an operating searchlight through the peep
sight. They should renew the- carbons when the
positive carbon is no longer fed forward or

v. when the positive-carbon tip- projects less than
one-half inch beyond the obturator.

An Electrician's Mate must remove the old
carbons and replace them with a new pair.
Carbons are always renewed by pairs to ensure
optimum performance. The doors should not be

opened for any purpose until the drum As placed
in the horizontal position and the searchlight
is locked both in train and elevation. Before
changing carbons or attempting any wsrk on a
searchlight, turn the power switch tWthe OFF
position. Open the rear door until the latch
engages. Make sure that the components are
cool before touching with the bare hands. ,Lift
the negative-carbon release lever upward and
remove the negative carbon by pushing it out
through the rear of the negative head. Lift the
positive-carbon, release lever and remove the
stub by pulling it out over the negative head:
If the stub is hot, use pliers to remove it.

The positive and negative ,heads should be
reamed before each' recarboning to remove the
material deposited by the preceding carbons.
When using the reamers, the carbon-feed rollers
and contacts should be released to prevent the
cutting edges of the reamers from damaging
these parts. The positive-nose reamer should
be inserted from the obturator end, and the
negative-head reamer should be inserted from
the rear,' or release-lever end. Reamers should
not be used while the heads are hot unless it
is absolutely necessary. However, if it is nec-.
essary to ream while the heads are hot, the
reamer should be kept turning continuously to
prevent its seizure by cooling and contracting
of the metal parts.

When the reaming is completed, run the new
set of carbons through the heads to be certain
that they do not jam. Crooked carbons or those
having long cracks, or lOose cores should be
discarded. Rough spots and blisters can be
removed with sandpaper. Adjust the protrusion
of the positive carbon from the nose cap, and
adjust the arc length in accordance with the
values specified for the equipment in the manu-
facturers' instruction book. The carbons must
be centered in their heads and must not touch
the nose caps.

After the carbons are renewed, wipe the
refl)ector, front-door glass, thermostat lens,
and thermostat window with a clean, dry cheese-
cloth to remove any carbon deposit. Close the
lamp housing, turn the power switch to the ON
position and operate the searchlight for about
5, minutes to form the crater in the positive
carbon and establish a normal arc. The first
5 minutes is the critical period of operation
after a carbon renewal. During this interval,
closely observe the arc and all lamp parts
for any malfunctioning.
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Figure 9-23. Light trap.
77.46

Lubrication of the lamp mechanism should- -
be 14-nited to the parts specified in the manufac-
turers' instructions unless they are superseded
by Naval Sea Systems Command.

DIVERSIFIED LIGHTING
EQUIPMENT

Light traps and special lights also serve
useful purposes aboard ship. Visibility in all
directions must be restricted with most of
this equipment where personnel must take into
account the lighting as affected by glare and
background illumination.

DARKEN SHIP EQUIPMENT

Darkened ship is a security condition designed
to prevent the exposure of light, which could
reveal the location of the vessel. Darkened-ship
condition is achieved by means of (1) light
traps that prevent the escape of light from
illuminaterk spaces or (2) door switches that
automatically disconnect the lights when the
doors are opened.

When darkened-ship condition is ordered,
check every door switch installation aboard
ship to determine that all lock-devices or short-
circuiting switches are set at the DARKENED
SHIP position.

Inspect the light traps to tetermirie that they
are free of all obstructions, A light colored
object of any apprebiable size placed in a light
trap might be sufficiently illuminated by the
interior. lighting to be visible beyond the safe
limit. Note the positions of the hand lanterns
when entering a compartmelt so that you can
find them without delay when they are needed.

Light Trap and Door-owitch

A light trap is an arrangement of screens
placed inside access doors or hatches to prevent
the escape of direct or reflected light from
within (fig. 9-23). The inside surfaces of the
screens are painted flat black so that they will
reflect a minimum of light falling on them.
Light traps that are uced to prevent the escape
of white light should have at least two black,
light-absorbing surfaces interposed between the
light source and the outboard openings. Light
traps are preferredlo door switches in locations
where (1) egress an, ingress are frequent;"
(2) interruption of lightOuld cause work stoppage
in large areas; (3) light might be exposed from
a serievof hatches. one above the other on
successive deck levels; and (4) many small com-
partments and passages are joined by numerous
inside and outside doors that would complicate
a doorLswitch installation.

A door switch is mounted on the break ,side
of a door jamb. (inside the compartment) and
operated by a stud welded to the door. When
the door is opened, the switch is automatically
opened at the same time.. Door switches are -
connected in a variety of ways to suit the
arrangement of the compartment concerned.

All door switch installations are provided with
lock-in devices or short-circuiting switches to change the
settings of the door switches, as required from lighted
ship to darkened ship and vice versa Each standardsloor
switch is furnished with a mechanical ;lock -in device for
use when only one door switch is installed. When two or
more door switches are connected in series, a single,
separately mounted short-circuiting switch is installed in
an accessible location to avoid the possibility of
overlooking any of the door switches when the
changeover is made.

When a single door switch at an outer doer
is connected in parallel with door switches at
inner doors, only the door switch at the outer
door is provided with a lock-in device, and the
lock -in, devices are removed from the other;
outer doors. The location of the control switch

9-27
2;) 4



ELECTRICIAN'S MATE 3 & 2

Ci

FLOODLIGHT'

S

PORTABLE FLOOD LANTERN
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( RELAY OPERATED)

77.47
Figure 9-24. Special lights.

is indicated by a plate mounted adjacent to each
uoor switch. The control switch is marked
CAUTIONDOOR SWITCH CQNTROL. The por-
tion of the short-circuiting switch that connects
the door switchei3 in the circuit is marked
DARKENED SHIP, and the portion that disconnects
the- door switches from the circuit is marked
LIGHTED SHIP. Personnel should become famil-
iar with the location of the short-tircuiting
switch in all coMpartments and the number of
doors that it controls._

SPECIAL LIGHTS

Special lights are provided aboard. ships
for various uses. These lights include (1) flash-
lights, (2) floodlights, (3) hand lanterns and flood -
lanterns (fig. 9-24). Lights and lighting fixtures
are identified by NavShips symbol numbers (1 thru
399), military standard numbers (MS. no.) , federal
stock numbers, military speCification numbers, .

or NavShips drawing number. The .NavShips
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Standard Electrical Symbol List (Nav Sea Q960-
000 -4000) lists the lights and lighting fixtures in current
uss on naval ships. Fixtures are listed in Nav Sea symbol
number order along with the MS or NavShips drawing
number, and federal stock number (FSN).

Floodlight

The floodlight (fig. 9-24A) consists of a
splashproof housing equipped with a rain shielded,
hinged door secured with a trunk type latch.
The 900-watt lamp is a sealed-beam type. The
lamp housing is trunnioned on a yoke which
in turn is mounted on a shock absorbing base.
The light is secured in elevation by a clamp
on the yoke. Train positioning is accomplished
by friction within the shock absorbing base:
Each, floodlight is furnished with a the -con-
ductor cable (including a green lead to ground the
metal housing) for connection into the lighting
circuit.

Larger 500-watt floodlights (not shown), using a
mogul screw base lamp are also Widely used. Floodlights
are installed on weather decks at suitable locations to
provide sufficient illumination for the operation of
cranes and hoists, and the handling of boats. Nev.
high -level illuminating floodlights are being evaluated by
Naval. Sea System Command.

Hand Lanterns
s

Two types of dry-battery-powered lanterns
are available for installation in certain strategic
locations to prevent total darkness if the lighting
power fails. One model is hand operated. The
other is operated automatically by a relay when
the regular power fails. -

The MANUALLY OPERATED PORTABLE
LANTERN (fig. 9-24B), consists of a watertight plastic
case containing two (6 volt), batteries connected in
parallel. It includes a sealed beam lamp, rated at ..5 volts,
but operated at 6 volts (when the batteries are new) to
Increase the light output. A rigid handle is secured to
the top of the case. The lantern is operated by a toggle
switch, the lever of which is convenient to the thumb.
When the batteries are fresh, the lantern can be used
continuously for approximately 8 hours before the light
output ceases to be useful.

Manually operated lanterns are installed as an
emergency source of illumination in' spaces that

a

are manned only occasionally. These lanterns are
also used in certain areas to supplement the
relay-operated lanterns.

Manually operated portable lanterns must not be
removed from the compartments in which they are
installed unless the compartments are to be abandoned
permanently.

The RELAY-OPERATED PORTABLE LANTERN
is similar to the manually operated type except that the
relay housing is mounted topside of the lantern case
(fig. 9-24D) in place of the handle' The 115:volt a-c
version is identified by symbol 101.2. Symbol 102.2
identifies the 115-volt d-c type. A three-conductor cable
(i cluding a green 'conductor to ground the relay metal
frame) is provided for connection into the lighting
circuit. THE RELAY-CONTROLLED LANTERN
MUST ALWAYS BE INSTALLED WITH THE RELAY
UPPERMOST. Thii specific arrangement of the relay
prevents a proven fire hazard, which would be caused by
liquid electrolyte (Formed from battery exhaustion)
draining into the (otherwise inverted) relay housing.

Relay-controlled lanterns are assigned to
spaces in which it is necessary.. to maintain
practically continuous illumination. These spaces
include essential watch stations, control rooms,
machinery spaces, battle dressing stations. The
lanterns must illuminate the -tops and bottoms
of all ladders and all flush-mounted scuttles.
They must also be mounted so as to illuminate
all gages at vital, watch stations, Operating
personnel will depen1 on these lanterns for
illumination when bringing the machinery back
on the line in the event of a casualty. These
lanterns must not be i stalled in magazine
or powder-handling space in which fixed or
semifixed ammunition is dled), or in any
location in which explosio -proof equipment
is required.

The lantern relay is connected in the lighting
circuit (in the space in which the lantern is
installed) on the power supply side of the local
light switch that controls the lighting in the
space concerned. Thus, the relay operates and
causes the lamp in the lantern to be energized
from its batteries' only when power failure
occurs, not when the lighting circuit is deener-
gized by the light switch. If the space is supplied
with both emergency and Ship's service lights,
the lantern relay is connected to the emergency
lighting circuit only.
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The lantern relay should be fused so that
a short circuit in the relay leads of one com-
partment will be cleared through low-capacity
fuses before the fault causes heavier fuses
nearer the source of power. to blow and cut off
the power supply 'to lighting circuits in other
compartments. The fuses that protect the branch

/ circuits are, ample protection- for the lantern
relay. A lantern relay can be connected directly'
to the load side of the fuses in fuse bokes or
switchbc es. If a relay "cannot be connected
to a branch circuit, it can be' connected to the
source side oft,a fuse box or other 'point on
a submain. If ffee submain supplies lighting
to more than one compartment, separate fuses
must be installed in the' relay circuit.

The operation of the relays in lanterns should be
checked at least once every 3 months. When the circuit
is deenergized, the relay should operate and
automatically turn on the lantern. The circuit may be
deenergized by pressure exerted on the push switch
located on the relay housing. This simulates a loss of
115-volt power. The relay should then drop out and the
lantern will light.

To ensure satisfactory. operation of hand
lanterns, the batteries should be checked at
least once every 3 months. The batteries are
chec,,ked by operating the lantern and observing
the brighter ess of the lamp. If the emitted light
is dim, the batteries should be replaced Ira-.
mediately. At this time,,Also check the rubber
boot on the switch for teVs or cracks. Replace
immediately, if the boot is defective. The switch
must also be grounded to the -ship's hull. A
simple test with a multimeter will verify this.

Lanterns that are located in spaces in which
the normal temperature is consistently above
90°F should be checked more often. For example,
in boiler rooms' it may be necessary to replace
the batteries weekly to ensure adequate service
from the lanterns.

The NavSea symbol number 104 (not shown) dry
battery type (hand carrying or head attaching) of
lantern is used for damage control purposes and is
generally stored in damage control lockers. This
lantign's battery container may be clipped over the
wearer's belt, the lamp and reflector assembly may be
hand held or worn on the head or helmet of repair party
personnel by using a headband attached to the light.

Portable Flood Lanterns

The NavSea symbol number 105 portable flood
lantern (fig. 9-24C) consists of a sealed beam lamp

enclosed in a built-in lamp housing equipped With a
toggle switch. The lamp housing is adjustably mounted
on edripproof, acid-resistant case provided with two"
Ivindows.in 'each end.

The case _contains four Navy type BB -25k"L
storage cells. Each cell contains a channeled -

section in which 'a green, white, and red ball
denotes the state' of charge of the' cell when
viewed threegh the window. When a cell is
fully charged, all' three indicator balls float
at the surface of 'the electrolyte. The green
ball sinks when aptiroximately 10 percent of the
cell capacity has been discharged; the white
ball sinks, when the cell id 50 percent discharged;
and the red ball sinks when the cell is 90'
pergrnt discharged.

The lamp is- rated at 6 volts 'Kit operated
at .8 volts to increase the light output. When
operated with fully charged batteries, the lantern
can be operated continuously for about three '
hours without recharging. The batteries should
be recharged as soon as possible after the
green ball (10 percent discharged)' has sunk
to the bottom. The lanterns should be checked.
at least once a week to determine if -the green
indicator balls are floating. If they are 'not
floating, the battery should be charged at a
rate of 1 1/2 to 2 amperes until alt indicator
balls are floating at the indicator line. If the
battery is completely ,_discharged-, it will require.
,from 20 to 25 hours to recharge it. After the
charging voltage has remained constant -at 10
volts for one hour, discontinue the charging.

When necessary, add pure distiller! water .

to keep the electrolyte level at the indicator
line marked_ on the front of the cell. Do not
add enough water to bring electrolyte level
above the line because overfilling nullifies the
nonspill feature of the battery and may cause
the electrolyte to spurt out. through the vent
tube However, if the electrolyte level is not .
at the Indicator line, the charge indicator balls
will not indicate correctly the state of charge
of the battery.

Portable flood lanterns are often referred
to as damage control lanterns because they

` are used by damage control personnel to furnish
high intensity illumination for emergency :emir
work or to illuminate inaccessible locations
below deck;
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CHAPTER 10

DEGAUSSING

A steel-hulled ship is like a huge floating
magnet. Because of its magnetic field, the ship
can act as a triggering device for magnetically
sensitive mines.ptgaussing concerns the methods

. and techniques of reducing the ship's magnetic
field to minimize the possibility of detection
by magnetic mines and other magnetic influence
detection devii)es.

A steel ship which has received no anti-
magnetic, or degaussing, treatment has r. large
magnetic fielAcsurrounding its hull. As the ship
moves through the water, this field also moves
and adds to or subtracts from the earths magnetic
field causing it to bend or move. To a magnetic
Mine baneath the ship, this; moving magnetic
field appears as a change or variation in the
surrounding magnetic environment. Maggetic
ordnance is highly sensitive to variations of e4ne
or more portions or components of this field.
When the ship is degaussed its field is altered
or modified so the ordnance" can detect little,
if any magnetic, distu bane as tlie ship passes.

,

EARTH'S MAGNETIC FIELD .

)
detonated 300 miles above the Falkland Islands in
the South 4tlantic. In the virtual vacuum which
exists at 300 miles above the earth's surface, ree
electrons, released by the explosion, wepicap-
tured by the nearest magnetic meridian: In less
than one second, electrons spiralled the entire
length of this 'meridian, going from the Southern
to the Northern Hemisphere. From the Falkland
Island meridian, these electrons attached them-
selves to adjacent meridians. Within an hour, they
had passed from one lieridian to the nettuntil tie
entire magnetic field 'at 300 miles altitude vas
covered.

Figure 10-1 shoals the earth as a huge per-
manent magnet, 6000 miles long, extended fronl
.the Arctic to the Antarctic polar regions. Lines
Of force from thip magnet extend all over the
earth's surf4ce, exertinga. magnetic influence oh

An even greater magnetic field than a ship is
the magnetic field of the earth. The earth's mag-
netic field acts upon all metal objects on or
ney the earth's surface.

The existence of magnetic influence far out in
spa..:e was determined mathematically many years
aati The first factual proof came with the launching
of the EXPLORER and PIONEER satellites ii
1958 and 1959. Radiation counters proved that the
Van Allen belts, layers of high-intensity radiation
existing far out in space, followed the predicted ..

magnetic contours.

Project Argus also gave additional proof of the
earth's magnetic field in space. In August of 1958,
three small 1.5-kiloton nuclear explosions were

EARTH
EQUATOR

SOUTH, NORTH
MAGNETIC GEOGRAPHIC

POLE POLE

GEOGRAPHICGEOGRAPHIC
POLE

NORTH
MAGNETIC

POLE

MAGNETIC
EQUATOR

56.27
Figure 10-1. L. Earth's magnetiC field.

10-1 2 8



e

ILECTRICIAN'S MATE ,3 & 2

all ferrous materials on or near the surface.
Since many 'of these ferrous materials themselves
become magnetized, they distort the background
field into irregular eddies and areas of greatly
increased or decreased magnetic strength. Thus
the lined of magnetic force at the earth's surface
do not run in straight, converging lines like the
meri on a globe, but akear more like the
iso r lines on a weather map.

By convention, the external' direction of the
magnetic field of a bar magnet is from the north
pole to the , south pdle. Lines of force for the
earth's field, .however, leave the earth in the
Southern Hemisphere and reenter In the Northern
HeMisphere. For this reason, it is necessary to
think of the polar 'region in the Arctic as the
north-geographic, south-magnetic pole iyhere po-
larity direction in the field of degaussing now is
described.

Note in figure 10-1 that the magnetic meridians
form closed loops, arching from the earth's mag-
netic core to outer space, and.then reentaringthe
earth in the opposite hemisphere. Since, all lines
of magnetic force return to their points of origin,
they form closed magnetic circuits. An idea of the
size of the earth's magnetic field is apparent...
by noticing that lines, of force at the polar regions
seem to extend vertically into space. The size of
the closed loops formed by these lines of force
As staggering to the imagination. It is impossible
to eliminate the earth's field; however, the effects
of the ship'on this field may be lessened.`lt is the
purpose of degaussing to prevent the ship from
distorting the earth's magnetic field, and some
highly developed techniques are used to do so.

The rest of this chapter explains the funda-
mentals of degaussing and describes the operating
principles of manual and automatic shipboard de-
gaussing systems. Learning these knowledge
faptors will help the' Electrician's Mate to stand
Witch at the degaussing switchboard, operate the
.degaussing equipment, and maintain the installed
degauss] ag system.

The strength and direction of the earth's, field
at any point is a function of the strength of the
individual components. The angle of the field with
the horizontal, sometimes called the dip, may
be easily determined by means of a dip needle,
a simple compass needle held with the needle
pivot axis parallel to tAe earth's surface. Since
a compass needle always alines itself parallel to
the lines of force of a magnetic field, the dip_

needle indicates the angle of the earth'*ld to the
horizontal by alining itself with theli 'of force
entering or leaving. the earth at that point..Both
direction AND STRENGTH of the field may be
determined by means of amine search coil and.:
flux-measuring equipment.

The earth's field is resolved into'two com-
ponents, the H component and the Z component.
Since the earth is spherical, an X and Y com-
ponent would have little meaning; therefore, X
and Y are combined into one component, the H
or horizontal component. The vector sum of the
H and Z components defines themagnitude and the
direction of the, total field at any point on the
earth's surface.

Table 10-1 shows horizontal and vertical com-
ponent strength, and the resulting total field
strength and direction for several representative
cities in the Northern and Southern Hemispheres.
Note that the vertical compOnent may be assigned
'either a positive or negative 'value. This is
necessary. because lines of force leave the earth
in the Southern Hemisphere and reenter in the
Northern Hemisphere. For this reason the upward
field, in the Southern Hemisphere, is assigned a
negative value and the downward field in the
Northern Hemisphere, is assigned a positive
value. There are two areas of maximum vertical
intensity but opposite polarifythe north and south'
magnetic poles. The vertical intensity at the mag-
netic equator is zero since the entire field is
horizontal.

SHIP'S MAGNETIC FIELD

The magnetic field of a ship. is the resultant
of the algebraic sum of the ship's permanent
magnetization and the ship's induced magnetiza-
tion. The ship'sq magnetic field may have any
angle with respect.to the horizontal axis of the
ship, and any magnitude.

PERMANENT MAGNETIZATION

The process of building a ship in the pres-
ence of the earth's magnetic field develops a
certain amount of permanent magnetism in the
ship. The magnitude of the permanent magnetiza-
tion depends on the earth's magnetic field at the
place where the ship was built, the material of
which the ship is constructed, and the orienta-
tion of the ship at time of building with respect
to the earth's field.

10-2. 2



Chapter 10DEGAUSSING

Table 10-1. Measurements of the Earth's Magnetic Field at Selected Locations Expressed
in Milligauss

LOCATION
.

HORIZONTAL (H)
COMPONENT

VERTCAL (Z)
COMPONENT

TOTAL FIELD
STRENGTH

DIRECTION OF
'TOTAL FIELD

North Pole (Magnetic)

Fairbanks, Alaska

Stockholm, Sweden

London, England .

Washington, D.C.

Tokyo, Japan
..

'Manila, Philippine Islands

-Equator (Magnetic)

Rio de Janeiro, Brazil

Capitown, South Africa

Buenos Aires, Argentina

Melbourne; Australia

South Po 16`(Magnetic)

0

120

150

190

180

300

390

410
_

230

140

230

230

0

L.-

\
\\0

.

+620

+560

+460

+440

- +540

+340

+100

0

-080

-280

-140

-560

-720
g

f

620

570

490

470

570

460

410

410

250

320

260

610

720

90° down

78° down

70° down

69° down

72° down

'50° down
-

14° down

0° horizontal

20° up

64° up

30° up

68° up

-90° up

NOTE-All measurements are approxithate.

The ship's permanent magnetization !can be
resolved into thell) vertical, permanent field
component and (2) horizontal:permanent field.
component. The horizontal permanent field com-
ponent comprises the. longitudinal permanent field
componeptand athwartship permanent field corn-
.porient.'The vertical, longitudinal, and athwartship
permanent field components are constant, except
for slow changes with. time, and are- not affected
by changes in heading or magnetic latitude.

All ships that are to be fitted with a ship-
board degaussing installation and some ships that

do not require degaussing installation, axe
depermed. Deperming is essentially a large scale
version of demagnetizing a watch. The purpose is'
to reduce perinanent magnetization and bring all
ships of the same class into a standard condition
so that the permanent magnetization, which
remains after deperming, is approximately the
same for all ships of the class.
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the earth's magnetic field causes a certain amount
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of the ship with respect to the inducing (earth's)
field,

The ship's induced magnetization, like the
ship's permanent magnetization, can be resolved
into the (1) vertical hiduced field component and
(2) horizontal induced field component. The hori-
zontal induced field component also comprises the
longitudinal induced fieldcomponent and athwart-
ship indueed field component.

The niagnitude of vertical induced magneti-
zation depends on the magnetic latitude. The ver-
tical induced mapotization is mtudmtim at the
megnelia poles and zero at the mapetic equator.
The vertical induced magnetization is directed
dovm when the ship is north of the magnetic
equator and up when the ship_is south of the mag-
netic equator. Hence, the vertical induoed mag-
netization champs with magnetic latitude, and to
some extent, when the ship rolls or pitches. The
vertical induce magnetization does not change
with heading because a ohanp of heading does
not change the orientation of the ship with re-
spect to the vertical component of the earth's
magnetic field.

The longitudinal induced magnetization
ohanpi when either the magnetic latitude or the
heading changes, and when the ship pitches, If

ship is headod north geographic, Ora hori-
zontal component of the earth's magnetid field
induces a north polo In the bow and a south pole
in the stern (fig, 10-2A), In other words, the
horizontal component of the earth's field induces
a longitudinal or forc-and-aft component of mag-
netisation. The stronger the horizontal oompsnent
of the earth's magnetic field, the greater will be
the longitudinal component of mognetization. If
the ship starts at the south mapetio pole and
steams toward the north magnetic pole the lon-
gitudinal component of induced magnetUation
starts at aoroatth0 Routh magnetic pole, increases
to a maximum at die magnetic equator, and
onises to zero at the north magnetic pole, Hence,
for a constant heading the longitudipal component
of induoed magnetisation °haps when ths ship
moves to a position where ths horizontal com-
ponent of the earth's magnetio field is different
that is, when the ship changes its magnstio latitude.

If at a given magnetio latitude the ship ohanges

heading from north to salt, the longitudinal com-

ponent of inducted magnetization changes from a
maximum on the north heeding to zero on the
east heading. When the ship ohanpo heading from

of magnetism to be induced in it. The ship's
induced magnization depends on the strength
of the earth's magnetic field and on the heading

,east to south, the longitudina' component in-
creases from zero on the heading to a
maximum on the south heading. On southerly
headings a nor& pole is induced at the stern and
a south pole at .the bow, which is a reversal of
the conditions on northerly headings when a
north pole is induced at the bow and a south pole
at the stern. Thp longitudinal component of in-
duced magnetization also changes, to some extent,
as the ship pitches.

The athwartship induced magnetization
changes when either the magnetic latitude or the
heading changes, and when the ship rolls or
pitches. When a ship is on an east heading, a
north pole is induced on the port side and a
south pole on the starboard side (fig.. 10-2B),
which is the athwartship component of induced
magnetization. The magnitude of the, athwartship..g
magnetization depends ;:n the strength of the eltil
horizontal component of the earth's, magnetic
field at that latitude. This component is maximum
at the magnetic equator for a ship on an east-
west heading, and zero at the magnetic poles
for a ship on a north-south heading.

MAGNETIC RANGING

A chip is said to be ranged when its magnetic
field is measured at a magnetic range, which is
commonly called a degaussing range or degaussing
station.

A degaussing range or station is equipped to
measure the magnetic field of ships which pass
over measuring equipment located at or near the
bottom of the channel in Iyhich the ships travel.

RANGING PROCEDURES

Ships are ranged prior to deperming in order
that the direction and magnitude of their fields may
be determined. Magnetometer garden measure-
ments also are required during and after the
deperming process 4n order that the quality and
effectiveness of the treatment may be evaluated.
The most common ranging procedure, called
cheek ranging, is by means of the coil range. Check
ranging usually occurs during a ship's normal
entry into port. After passing over the range, the
ship is sent a report of its magnetic character-
!sties, if the strength of its magnetic field exceeds
a safe operational level, the ship then is scheduled
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Figure 10-2. Effect of the earth's magnetic field upon a ship.

to report for calibration ranging. Here, the ship
makes a number of passes over the range, while
its shipboard degaussing coils are adjusted and
calibrated from information supplied from the
range hut. When the new settingsfor the degaussing
coils have been determined, new degaussing
control settings are placed in the degaussing
folder.

If the ship is unable to compensate adequately
for its magnetic field because of excessive per-
manent longitudinal or permanent athwartship
magnetization or an irregular permanent vertical
magnetization, the ship then is scheduled 'to
report for deperming.

DEGAUSSING FOLDER

The degaussing folder aboard each ship con-
tains current setting charts that are prepared
by the degaussing range when the ship is ranged,
and gives the degaussing coil currents to be
used for any position on the earth's surface
and any heading of the ship. This folder also
contains the forms which show the number of
coils and types of circuit installed in the Ship.
Further details of the degaussing installation
are shown on the degaussing plans carried aboard
the ship.

10-5
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SHIPBOARD DEGAUSSING INSTALLATION

A shipboard degaussing installation consists of one
or more coils of electric cable in specific locations inside
the ship's hull, a d-c power source to energize these
coils, and a means of controlling the magnitude and

polarity of the current through the coils.

Compass-compensating equipment, consisting of
compensating coils and control boxes, is also installed as
a part of chi. degaussing system to compensate for the
deviatio, effect of the degaussing coils on the ship's
magnetic compses.

DEGAUSSING COILS

The distortion of the earth's field caused by
the ship's permanent magnetization (vertical,
longitudinal, and athwartship components) and
the ship's induced magnetization (vertical, longi-
tudinal, and athwartship components) is neutral-
ized by means of degaussing coils. The de-
gaussing coils are made with either single-
conductor or multiconductor cables, The coils
must be energized by direct current, which is
supplied from 120-volt or 240-volt, d-o ship
service generators or from degaussing power
supply equipment installed for the specific purpose
of energizing the degaussing coils.

The degaussing coils cons i s t of coils of cable
wound on the ship, each having the required

3u2
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location and the number of turns to establish the
required magnetic field strength when energized
by direct current of the proper value and polarity.
The coils will then produce magnetic field com-
ponents equal and opposite to the components of
the ship's field. Each coil consists of the main
loop and may have smaller loops within the area
covered by the main loop, usually at the same
level. The smaller loops oppose localized peaks
that occur in the ship's magnetic field within the
area covered by the main loop. The resultant
effect of the degaussing coils when the currents
are properly set is to restore the earth's field to
the undistorted condition around the ship.
M Coil

The M or main coil (fig. I0 -3A) encircles the
ship in a horizontal plane, which is usually near
the waterline. The function of the M coil is to
counteract the magnetic field produced by the ver-
tical permanent and the vertical induced mag-
netization of the ship. Hence, the M coil current
must be changed when the ship changes magnetic
latitude in order to keep the M coil field as nearly
as possible equal and opposite to the field pro-
duced-by the ship's vertical induced magnetiza-
tion. The permanent vertical magnetization of a
ship remains constant.

F and Q Coils

The F or forecastle coil (fig. 10-313) encircles the
forward one-fourth to one-third of the ship and is
usually just below the forecastle or other uppermost
deck; whereas, the Q or quarterdeck coil encircles the
after one-fourth to one-third of the ship and is usually
just below the quarterdeck or other uppermost deck.
The function of the F and 0 coils is to counteract the
magnetic field produced by the ship's longitudinal
permanent and longitudinal induced magnetization. The
shape of the magnetic field produced by the F and Q
coils is somewhat different from the magnetic field
produced by the ship's longitudinal magnetism, but the
two fields are, in general, opposite directly below the
bow and stern of the ship. The ,F and Q coil currents
must be changed when the Ail) changes its course or
magnetic latitude in order to keep the coil strengths at
the proper values to counteract the changes in the ship's
longitudinal induced magnetization. Two adjustments
are necessary, one to change the F coil current and one
to change the Q coil current. In many installations the
conductors of the F and Q coils are connected to form
two separate circuits designated as the FI-QI coil and
the FP-QP coil (fig. 10-38).

PIULD

COIL

COIL

L COIL LOOPS

L COIL

"L" FIELD

D

"A" COIL LOOPS

..1
"A" MILD

A COIL

27.107
Figure 10-3. Types of degaussing coils.

The FI-QI coil is used to counteract the mag-
netic field produced by the ship's longitudinal in-
duced magnetization. The longitudinal induced
magnetization changes when the ship changes
heading or magnetic latitude, and the FI-QI coil
current must be changed accordingly:

The FP-QP coil is used to counteract the mag-
netic field produced by the ship's longitudinal
permanent magnetization. The longitudinal per-
manent magnetization does not change when the
ship changes heading or magnetic latitude, and no
change is needed in the arength of the F P -QP coil.

L Coil

The L or longitudinal coil (fig. 10-3C) con-
sists of loops in vertical planes that are parallel

10-6 3 u3
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to the frames of the ship. The function of the L
coil is to counteract the liiagnetic field produced
by the ship's longitudinal permanent and longi-
tudinal induced-magnetization. The L coil is more
difficult to install than the F and Q coils or
FI-QI and FP-QP coils, but provides better
neutralization because it more closely simulates
the longitudinal magnetization of the ship. The
L coil is commonly used in minesweeper vessels.

The longitudinal induced magnetization changes
when the ship changes heading or magnetic lat-
itude, and the L coil current must be changed
accordingly. On a.minesweeper, the L coil current
must even be changed as the vessel pitches.
Roll or pitch adjustments or both are necessary
on all the degaussing coils on minesweepers.

A Coil
The A or athwartship coil (fig. 10-3D) consists

of loops in vertical fore-and-aft planes. The
function of the A coil is to produce a magnetic field
that will counteract the magnetic field caused by
the athwartship permanent and athwartship in-
duced magnetization. The athwartship induced
magnetization changes when the ship changes
heading or magnetic latitude, and the A coil
(current) must be changed accordingly.

MARKING SYSTEM

The degaussing installations in all types of
naval vessels are marked in accordance with a
standard marking system to facilitate maintenance
by the ship's force. All feeders, mains, and other
cables supplying power to degaussing switch-
boards, power supplies, and control panels are
designated and marked as. specified for power
and lighting circuits. The system of markings and
designations of conductors applies specifically
for a multiconductor system, but it is also ap-
plicable to single-conductor type installations.

Degaussing cable' identification tags are made of
metal. The cables are tagged as close as practicable to

both sides of decks, bulkheads, or other barriers.
Degaussing conductors are marked by hot stamping
(branding) insulating sleeving of appropriate size. Each

end of all conductors are so marked and correspond to
the marking of the terminal to which they connect
inside the connection box or through box. The sleeving
is pushed over the conductor so that the marking is

parallel to the axis of the conductor. The following
letters are used for designating and marking cable tags
for degaussing coil cables and circuits.

DDegaussing system
AAthwartship (A) coil

AXA auxiliary coil
CCCompass compensating coil
FForecastle (F) coil to correct for per-

manent and induced magnetization'

FDRFeeder
FIF coil to correct for induced magnetization
FPF coil to correct for permanent mag-

netization
IFI-QI coil used in conjunction with feeders,

compass-compensating coil, and indicator
light leads

ILIndicator light
LLongitudinal (L) coil

LXL auxiliary coil
MMain (M) coil

MXM auxiliary coil
PFP-QP coil used in conjunction with

feeders, compass-compensating coil, and
indicator light leads.

QQuarterdeck (Q) coil to correct for per-
manent and induced magnetization

QIQ coil to correct for induced magnetization
QPQ coil to correct for permanent mag-

netization
SPRSpare conductor

A detailed description of the marking for
degaussing-coil loops, circuits, conductors, and cables
and for degaussing feeder cable and feeder-cable
conductors is contained in Chapter 475 of the NavShips
Technical Manual.

CONNECTION AND THROUGH BOXES

Connection and through boxes are similarly
constructed watertight boxes, but they are used
for different purposes.

A CONNECTION BOX is a watertight box with
a removable cover used to connect loops together,

10-7
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to connect conductors in series, and to reverse
turns. The power supply connection for a coil and
all adjustments of ampere-turn ratios between
loops are made within connection boxes. The
power supply cable and interconnecting cable for
the FI-QI and FP-QP coils terminate in con-
nection boxes.

A THROUGH BOX is a watertight box with
a removable cover used to connect conductors
without changing the order of conductor con,-
nections. Also, a through box is used when it is
necessary to connect sections of cable. In some
cases splicing in lieu of through boxes is used.

A wiring diagram of the connections in the
box is pasted on the inside of the cover and
coated with varnish or shellac. The wiring dia-
gram for connection boxes should (1) designate
the conductors that may be reversed without
reversing the other loops, (2) indicate the ar-
rangement of parallel circuits so that equal
changes can be made in all parallel circuits
when such changes are required, and (3) show
the spare conductors. Spare conductors should be
secured to connectors and should be connected
to form \la closed or continuous circuit. All
conductors in a connection box should be 1-1/2
times the length required to reach any terminal
within the box. Connection boxes should also be
fitted with drain plugs to provide accessibility
for periodic removal of accumulated moisture
from the boxes.

Connection and thrOugh boxes are provided
with IDENTIFICATION PLATES that include; de-
gaussing box numbers (Dl, D2, etc.), connection
box and/or through box as applicable, and coil
and loon designations (Ml, M2, F12, etc.).

Examdle,

Connection Box
Ml
M2

D1
Through Box

Fl

identifies the No. 1 degaussing boX serving as a
connection box for the M1 and M2 loops and as
a through box for the Fl loop.

MANUAL DEGAUSSING SYSTEMS

Degaussing installations, as previously stated,
consist of different combinations of degaussing

coils and manual or automatic degaussing equip-
ment for control of .the current in these coils. The
selected combination depends on the size and the
intended use of the particular ship.

The currents in the A and FI-QI or F and Q
degaussing coils must be changed when there are
changes in the ship's heading, magnetic latitude,
or both. The control of the coil currents is ac-
complished manually. in the older installations
and automatically in all new installations. The M
and FP-QP coil currents remain essentially
constant with the M coil current changing only
when the ship changes zones and the FP-QP coil
current changing only as a result of calibration.

Degaussing installations that have the coil
currents manually controlled are energized from
constant voltage d-c generators or from variable
voltage motor-generators and are called rheostat
and motor-generator installations, respectively.

RHEOSTAT CONTROL

In a rheostat installation the power for the de-
gaussing coils is supplied by a constant-voltage
d-c generator, and the coil ,lurrents are controlled
by adjusting a rheostat connected in series with the
coil and power supply. An installation in which
rheostats are used to control the M, FI -QI, and
FP-QP coil currents is illustrated infigure10-4.
Manually operated rheostats are used in some
installations and motor-operated rheostats in
other installations, In the manual type, the rheo-
stat is adjusted locally at the degaussing switch=
board by turning the rheostat handle. In the
motor-operated type, the rheostat shaft is turned
by a motor controlled from a remote station by
means of a push-button. Motor-operated rhecistats
are equipped for manual operation in the event of
an emergency.

MOTOR-GENERATOR CONTROL

In a motor-generator installation the power
for the degaussing coils (F, Q, and M) is supplied
by a motor-generator, and the coil currents are
controlled by adjusting a rheostat in the generator

' field circuit to vary the output of the generator.
A single-line diagram of this type installation is
illustrated in figure 10-5. The rheostats in the
generator fields can be operated manually or by
means of a motor to change the generator voltage
and thereby adjust the coil current to the desired
value,

10-8 3,.,1-
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120 OR 240
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FP -COIL

OP-COIL

M- COIL

Figure 10-4. Manual degaussing system with rheostat control.
77.181

POLARITY the degaussing coils is incorrect, the ship may
very likely be in much greater danger from mag'.
netic mines than if no degaussing were installed.

The polarity of the degaussing coil currents is The polarity of a coil should be checked by ob-

of particular impbrtance. If the polarity of any of serving whether the pointer of the ammeter for the
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coil is on the POSITIVE or NEGATIVE side of the
zero - center ammeter. Also, the polarity of a coil
can be checked by observing whether the positive
or negative plate gloWs in the neon Indicator light
for the coil. For positive polarity the right-hand
electrode glows, and for negative polarity the
left-hand 'electrode glows.

Reversing switches are used to change the
polarity of the coils, except where provision is
made to accompligh this change in the design of
the rheostat for the constant voltage supply or in
the generator control for the variable voltage
supply.

0-

The direction of current in a degaussing coil
is normally indicated by zero-center ammeters
located on the degaussing control panel. The
pointer will deflect to the right for positive (di-
rection) current through the coil and to the left
for negative current. The direction of current,
can be checked by a degaussing polarity indicator
or a small compass. The polarity indicator dial
is marked to denote the direction of current. When
taking polarity readings with the indicator ,or
small compass, move the device toward the
degaussing coil until a good deflection is obtained,
and no closer. The needle in the indicator or
compass will reverse its magnetic polarity if the

pp 44ot
30-A.C.

MTN. =

Q COIL

OEN.

TO COMPASS
COMPENSATING
COILS

AMMETER
REMOTE CONTROL

INDICATOR LIGHT
PANELPUSH SUTTON

AMMETER,
MOTOR STARTING PUSH SUTTON
RNEO. PUSH SUTTON

TRANSFER SWITCH

LOCAL CONTROL PANEL

MOTOR

TO 44ot
30 -A.C.

TO COMPASS
COMPENSATING
COILS

TO COMPASS
COMPENSATING

DOILS

M COIL

F COIL

MOTOR MOTOR

OSTAT DRIVE}
IN GEN. RIM.
FIELD

AMMETER
SHUNT

Figure 10-5. -Manual degaussing system with motor- generator control.
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device is held too close to the coils. The indicator
or compass should be checked after each test to
be certain that the magnetic polarity of the needle
has not reversed.

CHANGING COIL CURRENTS

Degaussing coil currents will-change-and
quire readjustment because of changes in
clegaussing-coil resistance caused by changes in
cage temperature and changes in the voltage of the
power supply for the degaussing coils.

The degaussing folder for each ship gives the
current needed for each coil for all positions on

the earth's surface and for all headings. One or
more of the coil currents must be changed when
one of the following conditions occurs:

1. When the ship passes from one Z zone to
another.

The vertical intensity (Z component) of the
earth's field, which__is_maximum_at the_magnetic
poles and zero at the magnetic equator, itrdivided
into a number of Z zones. The number of Z zones
will vary, depending on the amount of compensation
provided by the particular installation. Degaussing
chart No. 1 ;fig. 10-6) illustratels the Z zones for
the Atlantic and Indian Oceans. Tin reverse side
of this chart (not shown) contains the same number

ATUNTIO-INDIAN OMAN

DEGAUSSING CHART NI L
GGII AIMAIS MST Of WOW AM ON Of IMPIASTINS AWN OWITIOVOI

CLASSIFICATION

COIL OITTINWON VALUS$

w 11111100,A1NNINIS.
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Figure 10-6. Degaussing chart No. 1.
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Figure 10-7. Degaussing chart No. 2.

of Z zones for the Pacific Ocean. The coil current
settings are filled in by range personnel °or the
various zones after the ship has been ranged.

2. When the ship passes from one H zone to
another.

The. horizontal intensity (H component) of the
earth's' magnetic field, which is maximum at the
magnetic equator. and zero at the magnetic poles,
is divided into a number of H zones, Similar to the
Z zones, the number of H zones will vary, de-
pending on the degree of compensation provided by
the degaussing system. A degaussing chart No. 2'
(fig. 10-7) illustrates the H zones for the Atlantic

4

69.15

and Indian Oceans and the reverse' side (not shown)
contains the same number of H zones for the
Pacific Ocean.

3. When the ship's heading changes from one
sector to another.

The entire range of headings from 0° to 360°
is divided into a number of sectors, each covering
a part of the whole range of courses.

None of the degaussing coil currents is
changed as long as the ship's course remains in
one sector (if the Z zone and H zone remain
unchanged). The FP-QP coil current is NOT
changed when the ship's heading or the ship's
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position changes. The following changes' are
necessary when changing from one sector to
another or from one zone to another:

1. The M coil turrent must be changed when
Ithe ship moves from one Z zone to another. The
M coil current is not changed when the ship moves
from one H zone to another or_when the heading
changes from one sector to another.

2. The F, Q, FI-QI, L, and A coil currents
are not changed when the ship moves from one Z
zone to another, but must be changed if the ship
moves to a different H zone, or if the heading
changes to a different sector.

In a few ships, exceptional conditions may
require a departure from the foregoing changes.
In all cases, the degaussing folder will show the
coil currents to be used.

Rheostat Installation

. The degaussing coils in rheostat installations
are energized by closing the main degaussing
feeder switch and the individual coil switches in
the proper polarity position with all rheostats
set for' maximum resistance. Set the current in
each coil by cutting out resistance.

Adjust the rheostats for the M and FP-QP
coils Of provided) until the M and FP-QP coil
currents have the values specified in the de-
gaussing /War for the ship's position. Adjust
the rheostats for the F, Q, L, and A coils
(if provided) until the coil currents have the values
specified in the degaussing folder for the ship's
position and heading. Check the coil currents peri-
odically, and change the coil currents as required
by changes in the ship's position' and heading.

In installations employing motor-driven rheo-
stats the polarity is changed only whenthe current
is zero either by means of a motor-driven polarity
changer, and pushbutton, or by operating the rheo-
stat through and beyond the position of maximum
resistance. At this point, reversal of current will
occur automatically, because of the internal cross -
wiring of the rheostat buttons on either side of this
point, or by means of a motor-driven polarity
changer actuated by the rheostat arm.

Motor-driven rheostats can be operated man-
ually by turning the emergency handwheels in the

10-13

event of failure of the motor-drive system. Always
reduce the currant to zero before operating the
polarity changer. Otherwise, the contacts will
arc and may burn out from operation under load.

In installations employing manually operated
rheostats, the degaussing switchboard is usually
located in the engineroom. This switchboard in-
cludes the disconnect switches for the-F , Q, FI-QI,
L, and A _coils; reversing switches for the M and
FP-QP coils; series resistors; fuses; and
ammeters. A remote degaussing panel is located
i n the pilot house or chart house to permit
changing the F, Q, FI-QI, L, and A coil currents
as the ship changes heading. This panel includes
ammeters or polarity indicator lights for all
coils and rheostats (rheostat pushbuttons); and
reversing switches for the F, Q, and L coils or
reversing switches for the FI-QI and A coils.

Telephone communications are provided be-.
tween the remote and main panels. When the
degaussing system is to be energized, the remote
position (pilot house) may call the maindegaussing
switchboard station and have all currents set to
the values called for in the degaussingfolder. The
remote position will then continue to maintainthe
currents in the FI-QI and A coils according to the
ship's location and heading.

Motor-Generator Installation

The degaussing coils in motor-generator in-
stallations are energized by closing the dis-
connect switch to the motors with the generator
field rheostats set for the maximum resistance,
and operating the pushbutton to start the motor.
The degaussing switchboard is ust :411y located in,
or in the vicinity of, the engineroom near the de-
gaussing motor-generr. tors, This switchboard
includes ammeters, pushbuttons for starting the
motors, and the motor-driven field rheostat for
the generator. In many installations in which the
motor-generators are not located together, a
separate switchboard is provided for each group
of motor-generators.

After the motor has started, the currents in
the coils are set by the pushbuttons that control
the motor-driven field rheostats for the gen-
erators, The pushbuttons are located on the remote
control panel in the pilot house or chart house,
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or on the degaussing switchboard. Zero-center
ammeters mounted above the pushbuttons are
used to determine whether the positive or negative
pushbutton should be operated to obtain the speci-
fied currents. The positive pushbutton will operate
the motor-driven generator field rheostat to in-
crease the current in the positive direction (de-
crease the current in the negative direction).
Conversely, the negative pushbutton will operate
the motor-driven rheostat to increase the current
in the negative direction (decrease the current
in the positive direction).

SECURING

Degaussing coils should be secured according
to Instructions 'in the degaussing folder for the
installation concerned. To cancel any residual
magnetism due to the degaussing current, most
installations require one or more of the coils to
be secured by reversals. The procedure for
securing a degaussing coil by reversals is as
follows: (1) Starting with the maximum current
specified in the degaussing folder, reduce the
current to zero then increase to the starting
value in the reverse direction. (2) Reduce the
current to zero and then increase to 3/4 value
in the original direction. (3) Reduce the current
to zero and then increase to 1/2 value in the
reverse direction. (4) Reduce the current to
zero and then increase to 1/4 value in the orig-
inal direction. (5) Reduce the current to zero and
then increase to 1/8 value in the reverse directibn.
(6) Reduce the current to zero and secure.

AUTOMATIC DEGAUSSING SYSTEMS

Installed on all new ships built since 1951,
automatic degaussing equipment compensates
automatically for induced magnetization by
changing currents in the FI-QI and A coils as a
ship's heading changes,

TYPES OF AUTOMATIC
DEGAUSSING EQUIPMENT

The letter designation of each degaussing coil
current control equipment provides information
as to its type. The types are:

1. SM magnetic amplifier; controls selenium
rectifier type power supply.

.111111111

2. GM magnetic amplifier; controlg field of
generator of degaussing motor-generator.

3. FM magnetic amplifier; controls the field
of exciter of degaussing motor-generator.

4. RM magnetic amplifier; controls the motor
of motor-operated rheostat; the rheostat is in
series with the degaussing coil which is connected
across the ship's constant voltage d-c power
supply.

5. SSM semiconductor; silicon controlled rec-
tifier type power supplies.

6.. EMS semiconductor; magnetometer con-
trolled degaussing system.

SM-9A AUTOMATIC DEGAUSSING SYSTEM

The SM-9A automatic degaussing control
system comprises a degaussing switchboard' (fig.
10-8), a remote switchboard, a FI-QI coil power
supply, an FP-QP coil power supply, and a M
coil power supply. The degaussing switchboard
(fig. 10-9), contains the controls required to op-
erate the degaussing system. The FI-QI control
panel mounted at the top of the switchboard con-
tains all the circuits required to control the FI-
QI degaussing currents in both the manual and
automatic modes of operation. The M control panel
mounted in the center left section of the switch-
board contains the controls and circuitry required
to control the M coil current. The FP-QP control
panel mounted center right contains the controls
for setting the FP-QP coil current. At thebottom
is located the power supply overheating alarm
circuits and ground fault detector.

The remote control unit mounts three meters
which indicate the current in each of the three
degaussing coils. Three red lights mounted on
the unit indicate whether or not there is trouble
in the three circuits. One white light indicates that
the system is in manual operation, and another
indicates that the FI-QI current is being controlled
at the remote control unit by the manual control
switch on the remote unit.

The three power supplies contain the circuits
necessary to supply the currents required to
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, Figure 10-8. Type SM-9A automatic degaussing control system.
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Figure 10-9. SM-9A degaussing switchboard.

degauss the ship. The only externally mounted
components on the supplies are indicator type
fuses which fuse the power circuits in thesupplies.

FI-QI Channel Functional
Description

The FI-QI automatic channel circuit is shown
ip block diagram form in figure 10-10.

Signals from the ship's gyro system which are
proportional to the ship's true heading are

P1.01 COIL

COIL POLARITY
neveNOINO
SWITCH

111.122
Figure 10-10. SM-9A FI-QI automatic channel-

block diagram.

converted to-signals which are proportional tothe
magnetic heading by the magnetic variation
synohro. The resulting magnetic heading signal
drives, a servoamplifier and servomotor which
positions the magnetic heading indicator dial,
control transformer rotor, and synohro resolver
which are attached to the gear train.

The servoamplifier provides an impedance
match between the control transformer secondary
and the servomotor, permitting faster gear train
action.

The First Stage Signal Amplifier Circuit is a
push-pull amplifier connected for direct current

10-16,
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Chapter 10DEGAUSSING

output so that the net output signal (difference
between the push-pull outputs) is a reversible
polaritlj direct current signal proportional to the
requiikd FI-QI degaussing current for any mag-
netic heading and H Zone. The first stage output
signal is then used as a control signal for the
second stage amplifier.

The second stage signal amplifier receives its
control signal froffi the first stage signal amplifier
and supplies the control signal for the third
stage power amplifier. Since the second stage
signal amplifier and the third stage power am-
plifier are "single-ended" stages (not push -
pull), they are capable of producing an output
current of only one pdiarity. When a negative
current id. required (when the signal from the
first stage goes in a negative direction), the
pilot relay reverses the polarity of the second
stage control signal so that it will continue to,
drive in a positive direction, and the reversing
contactor (controlled by the pilot relay) reverses
the FI-QI degaussing current.

Operation of the relay amplifier, which con-
trols the operation of the pilot relay, is such that
when a negative degaussing current is required
the pilot relay is energized.

The fault signal cireu1 produces a visual
indication of trouble by ltirinting the trouble
lights (on both the degaussing switchlr,,rd and
the remote control unit) when the. (',gvaissing
current is in error with the rett..ii xi degaussing
current by more than five percent. The fault
signal reactor magnetically compares the output
signal frdm the first stage signal amplifier, which
is,proportional to the required degaussing currents
with a signal from the feedback shunt, which is
proportional to the actual degaussing current.
If the difference between these two signals exceeds
the value at which the fault signal reactor has
been adjusted to "fire," 'the trouble lights will.
light.

Gyro Signal Circuit

The ship's gyrocompass equipment provides
a synchro signal which is a function of the ship's
heading from true north. Since degaussing equip-
ment must operate from a magnetic! bearing, the
gyrocompass signal is fed to a synchro differential
generator which introduces a correction for
magnetic variation. The amount of correction

applied is determined by the setting of the
MAGNETIC VARIATION dial on the control unit.
The proper setting for any given area in which
the ship is operating may be obtained from the
'ship's 'navigational charts.

Signal Ampliqer Circuit

Signals from the demodulator circuit (fig.
10-10) are fed through the automatic operation
current adjustment rheostat (not shown) to a
push-pull magnetic amplifier (the signal mag-
netic amplifier). The push-pull amplifier pro-
duces a d-c output proportional in magnitude and
polarity to the magnitude and polarity of the
input signal from the automatic opelration current
adjustment rheostat which is part of the signal
amplifier circuit,

RELAY AMPLIFIER CIRCUIT.The relay
'amplifier circuit receives the d-c output signal
from the signal amplifier circuit and sends the
signa ,through a magnetic amplifier to a pilot
relay. The pilot relay, through its contacts,
sends a unidirectional d-c signal at all times to
the ,input of the second stage magnetic amplifier.
The pilot relay also ,controi:" the reversing'
Contactor. Thismeansihat Elthough a reversitge
signal is received by the rolfv) Amplifier, the
pilot relay will allow only a d-c signal of ,the
same polailtv each time to go to the second
stage ,rugnet"tc amplifier, but still operate the
reversing contactor to have the same polarity
as the input signal to the relay amplifier.

.014

SECOND' AND THIRD STAGE AMPLIFIER
CIRCUITS.The second and output stage am-
plifiers are single ended, three phase, magnetic
amplifier circuits. These circuits, which are lo-
cated within the FI-QI power supply; function to
produce a degaussing current proportional to the
output signal from the signal amplifier circuit.
When a negative degaussint current is required
(when the signal amplifier output current is
negative), both the control signal input Connections
and the degaussing current output connections
are reversed so that the degaussing current
follows the output of the signal amplifier circuit
even though the second and output stages are
driving only in one direction.

Two feedback signals (shunt feedback and rate
feedback) are applied to the second stage am-
plifier. Although they are positive to the second
stage, they have a negative effect on degaussing
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coil current because the second stage output is
applied to the third stage amplifier in a negativo
signal winding. These feedback signals improve
the linearity and stability of the Fl-Q1 channel.
The shunt feedback signal is directly proportional
to the degaussing coil current, while the :ate
feedbaok signs! is proportional to the rate of
change of the coil current. The effect of the
rate feedback signal is to clipse any tendency
of the system to oscillate.

Fte ITLT SIGNAL AMPLIFIER.The function
of the fault signal circuit is to provide a visual
indication of trouble when the F'1-QI degaussing
current Is in error with the required degaussing
current as dictated by the d-c control signal
from the signet amplifier. This is done by com-
paring the two aignala magnetically within a
saturable reactor circuit. Error signals of either
polarity will cause an increase in the control
current applied to the saturable reactor thus
decreasing the Impedance of the output windings,
ceasing the trouble light to light.

&fend FP-QP Manual Coil Channels

The manual coil cinumels (M and FP-QP)
(fig. 10-11), each consists of a control panel
that houses a 'constant voltage source and the
means of controlling the magnitude and polarity
of the current to the deputising coil. This is
dace by sending a ;Wein:Notional d-c signal of a
variable magnitude to the first stage and second
stage amplifier where the d-c signal is amplified
to the value needed in the degaussing coil. The
polarity of the degaussing current is determined
by the position of the coil polarity reversing
switch that is located in the coil channel control
panel. The contacts in the reversing switch op-
erate the reversing contactor that is connected
buttress the output of the amplifier (second) stage
and the degaussing coil. The °oil polarity re-
versing switch also has a set of contacts that
direct the d-c signal voltage to the fault signal
amplifier. The faillt signal amplifier is a visual
indication of whether the manual coil channel is
hactioning properly. The functioning of the in-
dividual wilts, of the manual coil channel follows.

11 AND FP-QP CHANNEL CONTROL
PANEL -The M and FP-QP coil channels are
manually controlled. The control circuits for the
M and FP-QP coil cluumels are identical. The
If coil channel control panel utilises a constant

AMPLIFIER
SNINA
FAULT

CONTROL
PANEL

FIRST STAGE
MAGNETIC
AMPLIFIER

OUTPUT STAGE
(SECOND)
MAGNETIC
AMPLIFIER

POLARITY
REVERSING
CONTACTOR

&MO,
()CUMMINS COIL

ImalIP-op)

111.123

Figure 10-11.--SM-9A M and FP-QP manual
channel-block diagram.

voltage supply transformer along with a filtering
and reducing circuit composed of capacitors, an
inductor, and resistors. The resultant a-c voltage
is sent to a full-wave rectifier which provides the
d-c voltage source which is used as the control
voltage in the M coil channel. A manual control
adjusting rheostat is used to vary the magnitude
of the d-c signal from the full-wave rectifier. The
positive side of the resultant d-c voltage is applied
through. the M coil polarity reversing switch where
it is directed to the control winding of the fault
signal *surlier and returns back to the output of
the M coil channel control panel. The purpose of
the signal to the fault signal amplifier is to provide
a reference that is used to determine lithe circuit
is functioning properly. The M coil polarity3 I

J.
1018



Chapter 10 DEGAUSSING

reversing switch also operates the reversing
contactor of the M coil. The output of the control
panel goes to the input of the first stage magnetic
amplifier.

FIRST STAGE AND OUTPUT STAGE MAG-
NETIC AMPLIFIERS.The first and output stage
of the M coil channel are the same as the second
and output stage amplifiers of the FI-QI coil
channel. A unidirectional d-c signal from the
output M coil channel control panel is sent to
the input of the first stage magnetic amplifier.
Because the first stage magnetic amplifier is
single ended, the d-c signal to the control winding
is the same polarity at all. times and only varies
in magnitude. The means of amplification is
identical to the method described for the second
and output stage of the FI-QI control panel. The
output of the output (second) stage goes to the
primary of a power 'transformer. This trans-
former is provided with taps to supply the proper
voltage to the degaussing coil. The output of the
transformer is connected to a full-wave bridge
rectifier where it is rectified and fed through a
reversing contactor to the degaussing coil.

The reversing contactor is similar to the one
used in the FI-QI control channel. The only dif-
ference is that the reversing contactor is always
manually controlled from the coil polarity re-
versin7 switch in the control panel.

The fault signal amplifier produces a visual
indication of trouble by lighting the trouble lights
when the degaussing current is in error with the
required degaussing current. The operation is
similar to the one mentioned in the FI-QI control
channel.

MAINTENANCE

The degaussing installation should be carefully
maintained particularly to prevent deterioration resulting
from moisture gradually entering the cables. Since the
degaussing system consists of electrical cables, rheostats,
ammeters, connection boxes, motor-generator sets, and
costly automatic control equipment it must be
maintained in conformity with the instruction for the
maintenance of electrical equipment given in applicable
chapters of the NavShips Technical Manual (Chapters
300 and 475) and applicable technical manuals for the
equipment installed.

First and always, bear in mind that this equipment is
energized with dangerous voltages. All electrical

maintenance personnel must observe the safety
precautions and electrical maintenance procedures as
presented in chapter 300 of NavShips Technical Manual.

PREVENTATIVE MAINTENANCE

The maintenance requirements for marital
degaussing systems are not as extensive as those
for automatic degaussing systems.

Automatic degaussing switchboards and
remote panels require more frequent cleaning
and inspection as they are more sensitive to heat
and dirt due to theigkine components. .

When the system is not in normal use, all
coils should be energized at least once a week to
the maximum current specified in the degaussing
folder and operated for at least four hours with
the current in one direction. Then reduce the
current to zero and energize the 'coils momen-
tarily with maximum current in the opposite
direction.

Check each degaussing coil for grounds by insulation
resistance measurements using a 500-volt megger. When
the source of suipply for degaussing coils is from
rectifiers, the rectifiers must be disconnected prior to
using a 500-volt megger on the degaussing coils to
prevent damage to the rectifiers. These measurements
should always be made with the same degaussing
equipment connected in the circuit and as closely as
possible under similar conditions of temperature and
humidity. The date and reading of the insulation
resistance to ground maybe recorded on the resistance
test record card (NAVSEA 531 -I) in accordance with
chapter 300 of the NavShips Technical. Manual. These
measurements should be taken between the coil
disconnect switch and ground. In the F, Q, and A or I,

P, and A coils that have a reversing switch on the coil
side of the disconnect switch, the measurement should
be made with the reversing switch in the CLOSED
position. Also, this measurement should be made just
before the weekly energizing of the coils so that the
comparative readings are obtained under similar
conditions. By comparing these weekly readings it is

possible to detect abnormal decreases in resistance and

take the necessary corrective action before failure
occurs. When abnormal decreases are indicated the
various components of the circuit shouk he isolated and

the Insulation resistances checked individually to
determine the cause of the low reading.

10-19
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The connection boxes may accumulate con-
siderable amounts of water due to condensation
and leakage through improperly seated gaskets.
The moist atmosphere in the box will gradually
force moisture into the cable ends and reduce
the insulation resistance. If this condition is not
checked in time, the cable may be ruined and
require replacement. Therefore, remove the con-
nection and through-box drain plugs once a month
to allow any accumulated water to run out. Boxes
that have abnormal accumulations of water should
be opened, dried out, and the gaskets checked
and replaced if necessary.

Remove corrosion on rheostat contact buttons
with fine sandpaper and coat the buttons lightly
with a graphite lubricant. Remove accumulations
of dirt and dust from automatic degaussing control
equipment to facilitate the natural flow of air
around the components, and thus eliminate the
possibility of overheating. Use a vacuum cleaner
or bellows; do not use compressed air.

Observe the preventive maintenance requirements
for automatic control equipment and motor-driven
rheostats, as outlined in the applicable technical manual.
Also, observe the maintenance of electrical equipment
and electrical safety precautions, as required by
Chapter 300 of the NavShips Technical Manual.

CORRECTIVE MAINTENANCE

Corrective maintenance consists principally
of locating and eliminating grounds in the various
coils, circuits, and components of a degaussing
system.

Grounds in a degaussing conductor can be
located by breaking the conductor into its
component sections byopening connections at con-
nection and through boxes, and testing each section
of the conductor individually. Grounds in
FEEDERS and control equipment CIRCUITS can
be located by isolating the different components.

When making these tests, reconnect all un-
grounded connectors to their terminals immedi-
ately after they have tested clear, to prevent
misconnection later. To locate grounds in de-
gaussing circuits, proceed as follows (observe
precautions required when using a 500-v'olt
megger on rectifier circuits):

1. Open the supply switch for the- degaussing
coil and close the reversing switch in either
position.

2. Disconnect the feeder conductors from the
degaussing coil at the feeder connection box.

3. Measure the insulation resistance to ground for
each of the feeder conductors. If the insulation
resistances are satisfaCtory in accordance with the
Manuficturer's technical manual and Chapter 300 of
NavShips Technical Manual, the feeder conductors and
the equipment connecte. to them are clear of
objectionable grounds. If the insulation resistance to
ground is unsatisfactory for either one or more of the
feeder conduqors, proceed in accordance with the
method for locating grounds in feeder conductors, as
described in the instruction book accompanying the
installation.

4. Measure the insulation resistance from the
degaussing coil to ground. If the insulation resistance of
the degaussing coil is satisfactory in accordance with
Chapter' 300 NavShips Technical Manual, no further
insulation tests on the coil are necessary.

SSM AUTOMATIC DEGAUSSING
SYSTEM

The SSM Automatic Degaussing System will be the
standard system for all new steel-hulled construction. It
differs from older systems by the manner, in which the
current is controlled and sent to the degaussing coils.
The SSM uses transistorized devices for amplification
instead of magnetic amplifiers. Development of the
silicon controlled rectifier has taken over many tasks
that magnetic amplifiers previously assumed.

The SSM automatic degaussing' control system is
made up of the degaussing switchboard, FI-QI coil
power supply, FP-QP coil power supply, M coil power
supply, A coil power supply, and remote control unit.
The magnitude and polarity of the current lithe A and
the FI-QI degaussing coils is automatically controlled by
the control circuits in the degaussing switchboard as a
function of the ship's magnetic heading The signal used
to provide the heading information to the control
circuits is provided by the ship's gyrocompass
equipment. The magnitude and polarity of the currents
to the FP-QP and M degaussing coils are manually set by
controls mounted on the degaussing switchboard.

31ti
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CHAPTER 11

ELECTRICAL. PROPULSION AND CONTROLS

The driving units for propulsion systems installed on
most Navy ships are either gas turbine, steam turbines or
diesel engines. Turbine-driven reduction-gear systems
(fig. 11-1A) are standard for all of the fleet's capital
ships, whereas the diesel reduction-gear drives (fig.
11-1B) are found on medium-sized and smaller vessels,
such as tank landing ships. Certain classes of the capital
ships have central operating systems (described in the
next chapter) to control their power < plants

automatically.

Also driven by turbine or diesel engine, the systems
shown in figure 11-1C and 11-1D are electric propulsion
drives. They differ in that a d-c electrical system
replaces the reduction gear. Electric propulsion is used
on modem ships where it has a specialized purpose such
as very good control.

D-C PROPULSION

A representati
sion installation i
four diesel engine-
which furnish pow
ment to one propul
the propeller (fig.
vided with an excit
the generator shaft.
located amidship,
on the starboard si

e diesel-electric d-c propul-
a U. S. fleet tug consists of
riven propulsion generators,
r through the control equip-
ion motor, which in turn drives
1-2). Each generator is pro-
r mounted on an extension of

The four generating units are
o on the port side and two

e.

The propulsion
a single propeller s
line of the ship in
mediately aft of the

otor is directly connected to
aft and located on the center-

separate compartment im-
nerating units.

The control equipment consists of an engine-
room control statio and a pilothouse control
station with instrum nt panel. A transfer switch is
proviaea to control e drive system from either

the engineroom or the pilothouse. The control
provides for controlling the outputs of the four
propulsion generators and associated exciters,
and -the speed and direction of rotation of the
propulsion motor.

The diesel engines and generators rotate in the
same direction for both ahead and astern rotation

ELECTRIC CABLE

Ii
ELECT. GEN. DIESEL

ENGINE

ELECTRIC CABLE

I

IEm LoETC0 TR. GEN. TURBINE

27.327 (77C)
Figure 11-1. Propulsion drives.
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Figure 11-2. Four diesel-electric generators with single-motor propulsion system.

of the propeller. Primary control of the direction
of propeller rotation is obtained by changing the
polarity of the generator terminal voltage. The
control of propeller speed is obtained by changing
the magnitude of the geherator terminal voltage.
The generator terminal voltage is controlled by
varying the generator field strength in the lower
propeller speed range and by varying the speed of
the diesel engines and thus the terminal voltages
of the associated generators in the upper speed
range.

The control is effected by meals of a speed
controller in the engineroom or by a speed con-
troller in the pilothouse. The speed controller is
connected to a rheostat and reversing contacts for
controlling the magnitude and direction of the
generator field current and to an engine speed
transmitter for controlling the engine speed.

The system is designed to permit operation
of any combination from one to four generators
with the motor. Also, either generator 2 or 3
but not both at the same time, can be used to
supply auxiliary power for salvage operations.
When this is done the generator cannot be used in
propulsion service.

PROPULSION GENERATORS

The four propulsion generators are d-c, sepa-
rately excited, 2-wire, split-frame, self-
ventilated machines. They are heavy duty marine
type unita designed for operation over the speed
range of the diesel engines. Commutating poles
are provided to improve commutation. Each gen-
erator is rated at 610 kW, 375 volts, 1625 ampezes,
and.700 rpm.

PROPULSION EXCITERS

As previously stated, each propulsion gen-
erator is equipped with a directly connected ex-
citer, which provides excitation for the associated
generator field. The exciters are d-c, separately
excited, 2-wire, self-ventilated' units provided
with commutating poles. Each exciter is rated
at 3 kW, 70 volts, 43 amperes, and 350/700 rpm.
PROPULSION MOTOR

The propulsion motor is a d-c, separately ex-
cited, adjustable speed motor having commutating
and compensating windings (fig. 11-3). It is
actually two identical motors with their armatures
mounted on a common shaft. The armatures are
operated in series at all times. Each half of the
motor is rated at 1500 horsepower, 750 volts,
1610 amperes, and at 112/140 rpm. The power
is supplied from the propulsion generators, which
are connected with their armatures interposed
with those of the propulsion motor 'So that the
maximum voltage across any part of the propul-
sion loop does not exceed 750 volts. The shunt
type fields of the propulsion motor are excited
from the ship's 240-volt (auxiliary), d-c supply.
The two armatures are mounted on a single shaft
with their commutators adjacent. The direction of
rotation is determined by viewing the commutator
end of each armature. The stator frames are in-
dependently foot mounted and are also identical
except for the brush rigging ana the polarities of
the shunt field leads, which are made to suit the
opposite direction of rotation of the armatures.

The propulsion motor is provided with induced
ventilation by means of a separately mounted

11 -2
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77.228
Figure 11-3. D-c propulsion motor.

blower through a duct connected to an opening in
the enclosing cover of the commutator at the top
of the machines. The air is drawn in through
openings in the end bells at both ends of the
motor and flows through radial ducts in the
armature cores, over the armature surfaces and
between the field coils where it passes over the
commutators and out. the opening at the top.

The blower is driven by, a 15-horsepower,
230-volt stabilized shunt, .d-,c motor. The motor
is controlled by a magnetic starter (mounted in
a separate cabinet), which is controlled from the
main propulsion control board:The starter is
equipped with a START-STOP pushbutton for
local operation.

PROPULSION CONTROL EQUIPMENT

The propulsion control equipment (fig. 11-4)
is assembled as a unit and located on the plat-
form level in the engineroom. The indicating
instruments and the handles of the manually
Operated devices are mounted on the front of
three 2-section panels that comprise the control,
board. The first two are the generator panels and
the third is the motor, panel.The thlto panel does,
hoWever, mount some devices that are not directly
associated with control of the propulsion motor.
Referring to figure 11-4, the four voltmeters M1
mounted on the generator panels, indiOate the
voltages of the four propulsion generators. The
two exciter voltmeters M2 indicate the voltages of
the four exciter generators. One voltmeter is for
exciters 1 and 2 and one is for exciters 3 and 4.
These voltmeters are also used as ground detec-
tors. The tviNexciter voltmeter and ground de,.
tector transfer switches SW1 are used to transfer
the two voltmeters to the circuits whose voltages
are to be read. The excitation voltmeter M9 in-
dicates the voltage of the ship's 240-volt d-c
supply. This voltmeter is also used as a ground
detector.

The excitation voltmeter and generator field
ground detector transfer switch SW4 are used to
transfer the voltmeter to the various circuits.
The . auxiliary power ammeter M3 on the first
generator panel indicates' the current supplied to
the auxiliiity power circuits by the generator
being used to furnish auxiliary power.

The four engine speed indicators M5 indicate
the speeds of the four diesel engines. The aux-
iliary power control switch SW2 operates the
auxiliary field contactor which energizes the ex-
citer field circuit of the generator supplying aux-
iliary power. The auxiliary power generator field
rheostat RH1 is provided to control the strength
of the exciter field of the generator supplying
auxiliary power.

The four small handwheels SW11 are the gen-
erator control switches that control the field
circuits of the four generators and associated
exciters to apply or remove excitation. The four
large handwheels SW9 and SW10 control the setup
switches of the four generators. The switching
arrangement is such that generators 1 and 4 may
be used only for propulsion service whereas
generators 2 and 3 may be used for either pro-
pulsion or auxiliary power service. Operating in
conjunction with each generator setup switch, is
an engine speed-exciter field setup switch SW5,
not shown in figure 11-4.

11-3
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M I - GENERATOR ,VOLTMET.ER, 500-0-500
1.12-EXCITER AND GROUND DETECTOR VOLTMETER,100-0-100
M3-AUXILIARY POWER AMMETER, 0-2000
M4-MOTOR AND GROUND DETECTOR VOLTMETER, 1000-0-1000
MS-ENGINE SPEED INDICATOR, O-1000
M6-MOTOR FIELD AMMETER, 0-150
M7 -MOTOR AMMETER, 3000-0-3000
M8 - PILOT HOUSE MOTOR AMMETER, 3000-0-3000 (NOT SHOWN)
MS-EXCITATION VOLTMETER (SHIS SERVICE), 0-300

"SWI -EXCITER VOLTMETER AND GROUND DETECTOR TRANSFER SWITCH
SW2-AUXILIARY POWER GENERATOR FIELD CONTROL SWITCH
SW3-MOTOR VOLTMETER AND GROUND DETECTOR TRANSFER SWITCH
SW4-EXCITER VOLTMETER AND GENERATOR FIELD GROUND DETECTOR TRANSFER SWITCH
SW5-ENGINE SPEED-EXCITER FIELD SWITCH ON GENERATOR SET-UP SWITCH (NOT SHOWN)
SW6-ENGINE SPEED CONTROL SWITCH
SW7- EXCITATION CONTROL SWITCH
SW8-PILOT HOUSE-ENGINEROOM TRANSFER SWITCH

SW9-10-GENERATOR SET-UP SWITCHES
SW I I - GENERATOR CONTROL SWITCH,
RHI -AUXILIARY POWER GENERATOR FIELD RHEOSTAT
RH2-MOTOR FIELD RHEOSTAT

P1 -ENGINEROOM CONTROLLER

Figure 11-4. Propulsion control equipment.

The motor voltmeter M4 mounted on the motor
panel indicates the voltage across the two motor
armatures and also functions as a ground detec-
tor in the generator and motor armature circuits.
The. motor voltmeter and ground detector transfer

11-4
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switch SW3 is used to transfer the voltmeter to the
circuits to be read.

The motor field ammeter M6 indicates the
current in the motor field circuits. The motor
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ammeter M8 indicates the current in the propul-
sion circuit.

The control transfer switch SW8 is provided
to transfer control of ate propulsion system from
the engineroom to the pilot house.

The excitation control switch SW7 operates the
exciter contactor which energizes the exciter and
motor fields from the ship's 240-volt d-c supply.

The motor field rheostat handwheel RH2 con-
trols the excitation of the motor field. Engineroom
controller handwheel P1 controls the operation of
the propulsion system from 'the engineroom. The
controller has 24 ahead and'24 astern speed op-
erating positions. An emergency stop-release
button is located at the 22nd controller position.
The operator must press the release button to
move the controller beyond this point.

OPERATION

By the use of disconnect blocks (fig. 11-6
part 1) either motor armature may be bridged
and removed from the propulsion loop in an
emergency. When one armature is removed the
motor voltage rating is reduced one-half, con-
sequently not more than two generators should
be operated in the series propulsion loop.

The overload relays OL1 and OL2 are designed
to operate in case of a short circuit in the pro-
pulsion or auxiliary power circuit. When a short
circuit occurs in the propulsion circuit, relay OL1
()loses its contacts and energizes the tripping coil
for excitation contactor K2 (part 4). When a short
circuit occurs in the auxiliary power circuit, relay
OL2 opens the circuit to the auxiliary power field
contactor K1.

The two resistors R11 in series with RH2
(part 2) and the two motor fields are ,prOvided to
adjust the excitation of the motor fields so that
the two motor armatures divide their loads equal-
ly. The load is divided equall3 when the voltage
drops across the two motor armatures are iden-
tical. As the two armatures are identical the ex-
citation currents should be approximately the
same. Once correctly adjusted, these resistors
need not be changed.

Adjustable resistors R4 in the exciter field
circuits are provided to equalize the performance
characteristics of the generators as they, too,
need not be changed after they are properly
adjusted. Motor field discharge resistor R10
(part 2) is connected across the motor fields only
while-the- excitation contactor K2 is in the open
position. Exciter field discharge resistors R2 are
connected across the exciter fields at all times.
The main propulsion generator field discharge

resistors R1 are thyrite resistors and are per-
manently connected across the generator fields.
An engine speed transmitter rheostat RH5 (part 3)
is provided with the engineroom and pilot house
controllers. These two transmitters consist of
three rheostats mounted together and operated
by a common shaft, which is a projection of the
propulsion controller operating shaft (fig. 11-6).
The three rheostats are adjusted so that each has
a different value for any controller position and
are connected to a receiver on the exigine speed
governor.

A third transmitter, the auxiliary power engine
speed transmitter RH6, mounted behind the gen-
erator panels, controls the speed of the diesel
engine which is being used to supply auxiliary
power. This transmitter has a fixed setting and
each time the transmitter assumes control the
engine speed is brought to the predetermined value
of 460 rpm.

The engine speed circuits are series circuits.
For this reason loading resistors R6 and R6 (fig.
11-6 part 3) are provided to maintain the circuit
resistance constant, thereby keepingthe synchros
in calibration. The resistors are switched in and
out of the cfrcuit by the generator setup switches
SW5.

Starting

Before starting the system determine that the
engineroom controller and the pilot house control-
ler are in the STOP position; the excitation control
switch SW7 (fig. 11-6, part 4) is inthe OFF posi-
tion; the engine speed control switch SW6 (part 3)
is in the OPEN position; the auxiliary power
control switch SW2 (part 4) is in the OFF po-
sitions the auxiliary power generator field rheo-
stat 7.12.1. (part 2) is in the MAXIMUM RESIS-
ANC L' position, and the generator setup switches
SW) and SW10 (part 1), and the generator control
switches SW11 (part 2) are in the OFF position.
(This does not apply to a generator already in aux-
iliary power service.) Assume the system is to be
controlled from the pilot house.

To start the system, start the diesel engines to be
used. The engine speeds should reach and remain at 350
rpm. This allows the generator fan to circulate the air
for cooling. Turn the handwheel of each generator setup

switch SW9 and SW10 to the position corresponding to
the service that the generator is to supply. This action
connects the main propulsion generator and motor
armatures in a closed series propulsion loop. Setup
switch SW5 operates in conjunction with SW9 and
SW10 to close contacts 14 and 16 (part 2) in the exciter
field circuits whose generators are selected for

11-5
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Figure 11-5(B). (Parts 2 & 4) Simplified propulsion circuits-fleet tug (Continued).

11 -7

324



ELECTRICIAN'S MATE 3 & 2

SYNCHRO
RECEIVER

240-V.
OC

240-V.
DC

TRANSMITTER
SI
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Figure 11-6. Engine speed transmitter and

receiver.

propulsion service and contacts 2, 4, 6, 8, 10, 11, and
12 (part 3) in the engine speed circuits for the
associated engines.

NOTE:Crenerators 2 and 3 setup switches are
interlocked so that only one or the other may be
placed in the auxiliary power position at a time;
also a setup switch cannot be moved from the
propulsion to auxiliary power position unless
the associated generator control switch SW11 is
in the OFF podition. Place the motor field rheo-
stat RH2 (part 2) in the position corresponding to
the number of generators to be put in service.

Close the generator control switches SW11
of the generators to be _operated. This action
closes relays K4 and K5 in the respective exciter
and generator field circuits. Turn the control
transfer switchSW8 to the PILOT HOUSE position.

'9Fhis switch cannot be moved to transfer control
unless the excitation control switch SW7 is in the.
OFF position.)

Contacts 16 and 18 (part 4), contacts 20, 22,
24, 26, and 28 (part 3) and contacts, 2, 4, 6, 8, 10,
12, and 14 (part 2), close. Contacts X (pardt 4), are
closed only while the controller is in the STOP
position. Close the excitation control switch SW7
(part 4). This action completes the circuit to the
excitation contactor K2 closing cbil (part 4) and
the excitation contactor K2 (part 2), closes and
latches, making available the ship's 240-volt d-c
power for control and excitation. Excitation con-
tactor K2 will not close unless thfr controller
selected by the control transfer switch is in the
STOP position. The circuit to the motor field weak-
ening contactor coil (part 4) is also completed at
this timeand the K3 relay operates opening the K3
contact (part 2) allowing light excitation to be ap-
plied to the motor fields while the controller is in
the STOP position. Place the exciter voltmeter and
ground detector switch, SW4 (fig.11-4) in the first
position to determine by voltmeter, M9, that the
240-volt d-c supply is available.

Close the engine speed control switch, SW6
(fig. 11-5, part 3) to apply 240-volt d-c power for
operation of the engine speed control system.
Place the two exciter voltmeter and ground detec-
tor transfer switches, SW1 (fig. 11-4), in the first
position. In this position the two exciter volt-
meters, M2, will indicate the exciter voltages for
two of the exciters. Later the switches can be
placed in the second position to check the voltages
of the other two exciters. Move the pilot house con-
trollertroller clockwise to the first position in the ahead
direction of propulsion.

This action closes contacts AH1 and AH2 (fig.
11-5, part 2) to apply light excitation to the fields
of the generators in the propulsion service. Con-
tact X (part 4), opens to deenergize the motor
field weakening relay K3, and contact K3 (part 2),
closes. Excitation to the motor gilds is not de-
termined by the setting of the motor field rheo-
stat, RH2. This motor field excitation is held
constant throughout the controller range.

Current now flows in the generator and motor
armature circuits causing the propeller to rotate
slowly in the ahead direction. Moving the con-
troller up to the 11th position progressively ac-
celerates the propeller speed by increasing the
generator excitation, the engine speeds remaining
at 350 rpm. Moving the controller from the 12th to
the i4th position accelerates the propeller speed
by increasing the speed of the diesel engines while
holding the generator excitation constant. To pre-
vent the exciters from building up the excitation of

11-8
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the generators with increased speed, the control-
/ ler inserts blocks of resistance in the exciter
/field circuits when progressing from the 12th to
the 24th controller position. When the maximum
rated engine speed of 700 rpm is reached, the
output of the system is maximum.

Stopping

To stop the ship while underway in the ahead
direction, slowly move the controller handwheel
counterclockwise. to the STOP position, observing
the motor ammeter, M8, in thepropulsion circuit.
If the controller is moved too rapidly toward the
stop position, the motor will tend momentarily
to act as a generator, causing the generators to
act as motors and hold the engine speed for a time
above the speed called for by the controller po-
sition. No useful purpose can be gained by bringing
the controller too rapidly to the STOP position.
When the STOP position is reached, advance the
controller gradually step-by-step counterclock-
wise in the astern direction until the propeller
exerts the desired amount of retarding force. When
the ship has come to rest, return the controller to
the STOP position.

Reversing

When the controller handwheel is turned
counterclockwise for astern rotation, the same
operating conditions exist as for the corresponding
position in the, ahead direction, except the current
flow is reversed in the excitation circuits of the
exciters by tontaots AS1 and AS2 (fig. 11-5,
part 2), and, hence, a reversal occurs in the motor
and generator armature circuits.

To reverse the ship from underway in the
ahead direction to underway in the astern di-
rection, follow the same procedures for stopping
the ship. Continue advancing the controller in the
counterclockwise direction for astern propulsion
until the desired propelling speei is obtained. An
astern ship speed for this type ship should not
exceed 10 knots because of the limitations of the
steering gear. .

Removing Generator From
Propulsion Service

The controller is not necessarily moved to
the STOP position to cut a generator in or out of

the propulsion circuit. However, under normal
conditions, the controller should be moved to the
11th position so that the engines are operating at
the idling speed of 350 rpm. In an extreme emer-
gency a generator can be cut out of the circuit
while the engine is above the idling speed because
the generators are designed to withstand short
circuiting at full rated speed of 700 rpm with no
.field current on the generator.

If it is necessary to cut out a generator, open,
control switch SW11, then pause several seconds
to allow the generator field current to decay to
zero before operating the associated setup switch,
SW9, or SW10. This time interval is necessary
for the generator field' excitation to decrease
sufficiently, to avoid the postiibility of motoring
the generator and to reduce the current surges
in the propulsion circuit to a minimum.

Placing Generator in
Propulsion Service

.Before cutting an additional generator in the
propulsion circuit, the motor field rheostat, RH2,
must be adjusted to the correct setting for the:
total number of generators to be operated inpro-
pulsion service. For example, if two generators
are in service and another machine is required

' in the propulsion loop, set the motor field rheo-
stat at the correct position .for the operation of
the generators before cutting in the third machine.
This action is essential and if not performed will
result in greatly overloading the diesel engines,
generators,. and motor immediately when the third
generator is cut in the ci t. The effect of this
overloading can be serious. erefore, always ad-
just the motor field rheosta , 111i2, for the number
of generators that are to be used. and then out the
generators in the circuit one at a time, as pre-
viously explained.

11-9

Placing Generator in Auxiliary
Power Service

To place a generator in auxiliary pow.-
service, turn the setup switch, SW10, of ei. .ur
generator 2 or 3 to the AUXILIARY POWER po-
sition. This will connect the generator output to
the studliary -power bus, 8 and 9 (fig. 11-5, part
1). Associated setup switch, SW5, will close con
440, 3, 5, 7, 9, 11, and 12 (part 3), brings the
associated diesel engine under the oontrol or

ng_
the
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auxiliary power engine speed transmitter, RH6,
which brings the engine speed to 450 rpm, as
mentioned previously.

Contacts 13 and 15 (part 2) in the exciter field
circuit for the generator selected will also close
(contacts 14 and 16 remaining open). Close the
generator control switch, SW11, of the generator
to be used, which will close contactors K4 and
KS. Remember the setup switch, SW10, cannot be
moved from the auxiliary power position to the
propulsion position unless the generator control
switch, SW11, is first turned to the OFF position.
Close the auxiliary power control switch, SW2
(part 4), energizing the auxiliary power field con-
tactor, Kl, which will close contact, K1 (part 2).
The generator voltage may now be adjusted to nor-
mal by the auxiliary power rheostat; RIll.

OPERATING RECORDS

A constant check of all machinery and units in
operation must be made by the personnel on watch in
the machinery spaces. The data obtained by the
watchstanders is entered on records referred to as
operating records. These records, in addition to ensuring
frequent observation of all machinery in operation,
provide a basis for analyzing machinery performance.

The A-C/D-C Electric Propulsion Operating Record,
NavShips 3647 (fig. 11-7A, B), is used on all surface
ships equipped with a-c or d-c electric drive. The record
is maintained by the Electrician's Mate standing. the
throttle watch. Spaces are provided on both the, front
and the back for data concerning the main propulsion
equipment.

The electrical log is a complete daily record
(from midnight to midnight) of the operating con-
ditions of the ship's electric propulsion plant. The
log sheet must be kept clean and neat. Any cor:-
rections or changes to entries for a watch must
be made by the person who signs the log for that
watch. However, corrections or additions must not
be made after the log sheet has been signed by the
engineer officer without his permission or direc7.
eon.. The station 'alogs are turned in to the log
room every morning for the engineer officer's
signature and for filing.

The back of the log is a continuation of the
front and also provides spaces for the signatures
of the engineer officer and senior Electrician's
M ate.

LEGAL RECORDS

The Engineer's Bell Book and the Engineering
Log- are official legal records. They can be used
in any military or civilian court as final proof of
any action taken on or by the ship, and as evidence,
for or against any officer or enlisted man of the
ship's crew who may be brought before the court
or board.

The Engineer's Bell Book and the Engineering
Log must be preserved as a permanent record
on board for a three-year period after date of
last entry unless they are requested by a naval
court or board, or the Navy Department. In such
a case, a copy (preferably photostatic) of such
sheets that are sent away from the ship ee pre-
pared and certified as a true copy by the engineer
officer for 'the ship's files. At the end of the three-
year period these records may be destroyed. When
a ship is stricken, if either record is less than
three years ok1, it should be forwarded to the near-
est' Naval Records Management Center,

ENGINEER'S BELL BOOK

The 'Engineer's Bell Book (NAVSHIPS 3120/1 fig.
11-8) is a record of all bells, signals -and orders, and of
the time they are received regarding the movement of
the ship's propellers. The entries are generally made by
the throttleman. Whenever the ship is entering port,
leaving port, or maneuvering, an assistant should make
the entries, thus enabling the "throttleman to give full
attention to the signals, bells, and orders.

Here is a list of instructions for keeping the
Engineer's Bell Boot..

1. Use a separate sheet for each shaft each
date, except on small ships and craft where the
keeping of separate shpets for separate shafts is
not practicable 11,sheets for the same date should
be filed togeth as a single record. (Entries in

11-10 3 P-1
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the Bell Book shall be made at the time of receipt
of each order.) The records for each throttle con-
trol station for each day must begin with a new
sheet, and the day's records for all stations must
be clipped together and filed as a unit.

2. In column 1, enter the times according to
the system used in the Engineering Log.

3. In column
If the signal

(motor) order
symbols:

2, enter the signal received.
is transmitted by the engine
telegraph, use the following

Zstop
1/8 ahead one-third speed
2/8 ahead two-thirds speed

I ahead standard speed
II ahead full speed
III ahead flank speed

Backing signals for 1/8 and 2/8 speed shall be
entered as "B 1/8" and "B 2/8", respectively,
Signals for full back and emergency back shall be
entered as "BF" and "BEM" respectively. On
small ships and craft, using a single sheet for two
or more shafts, the above symbols shall be used
with an additional preceding symbol "P," "8,"
or "C" (for port, starboard, or center shaft, re-
spectively) if the signal is directed t.,) other than
all shafts.

If the signal is transmitted by the engine re-
volution telegraph without change in the engine
(motor) order telegraph, the number of propeller
revolutions signaled shall be entered in column 2.
In this case. entries shall not be made in column 8.

4. In column 8, make an entry for each signal
received on the engine order telegraph for ,ihe
propeller corresponding to the engine order tele-
graph signal. When a signal is received simul-
taneously on the engine order telegraph and the
engine revolution telegraph, make appropriate
entries in both column 2 and column 8. The
rpm entered in either column 2 or column 8 is, in
each case, the propeller rpm ordered and not
the propeller rpm resulting from the order. For
submarines, however, record resulting propeller
rpm when plant condition order is given.

5. In column 4, enter the engine counter read-
ing at the time the change is made. Also, enter the
counter reading each hour on the hour. For ships
and craft equipped with controllable reversible
pitch propellers, record in column 4 the propeller
pitch in feet and fractions of feet set in response
to a signaled speed change, rather than the shaft
counter readings. The entries for astern pitch
shall be preceded by the letter "B." Each hour on
the hour entries shall be'made for counter read-
ings, thus facilitating the calculation of engine
miles steamed during those hours when the propel-
ler pitch remains constant at the last value set in
response to a signaled order.

6. Before going off duty, the engineer officer
of the watch shall sign the Bell Book in the line
following the last entry for his watch and the next
officer of the watch shall continue the record
immediately thereafter. In machinery spaces
where an engineer officer of the watch is not
stationed, this record shall be signed by the senioz
petty officer of the watch.

7. Maintain the Bell Book at the station from
which the engines are being controlled. When
control is shifted, from one station to another
station, the last entry in the Bell Book at the
station from which control is being shifted shall
indicate the time that control was shifted and the
first entry in the Bell Book at the station to which
control is shifted shall indicate the time when
control was taken. The person in charge of the
watch station at which the Bell Book is maintained
shall sign the Bell Book in the same manner as
prescribed for the engineer officer of the watch.

8. Alterations or erasures are not permitted.
Correct an entry which is incorrect by drawing a
single line through it and making the correct entry
on the following line. Such deleted entries shall be
initialed by the engineer offiper of the watch,
senior petty officer, or OOD (in the case of ships
and craft equipped with controllable reversible
pitch propellers), as appropriate.

9. For ships with automated bell loggers, in-
clude the automatic bell logger sheets in the En-
gineer's Bell Book. Limit manual recording of
data to data not recorded by the automatic bell
logger, The engineer officer of the watch shall
sign the automatic bell logger sheets before going
off duty. Whon the automatic bell logger is out of
commission, follow the normal procedure for re-
cording bells in the Engineer's Bell Book.

11.13
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10. Fill in the top section of the Bell Book as
follows:

In spaces 3 and 44 enterthe first two letters of
ship type and enter remaining letters as appro-
priate in the next two shaded unnumbered spaces.
In spaces 5-7, enter three-digit ship hull'number;
if hull number consists of four digits, enter the
first digit in the shaded unnumbered space. For
example:

DD: ::::848 i

r
CV $: :'' .032 IDDMZ058

In boxes 10-11 consecutively number sheets at
each recording station beginning with 01 for the
first sheet for each day starting with 0000 local
time (time zone used in the Engineering Log).

In box 12, enter last digit of current year. In
box 13-14, enter two digits to indicate current
month, e.g., 0221February. In box 15, enter the
letter designation for. time zone used to record
time entries. In boxes 16-17, enter two digits
for the day of the month. Start a new sheet when
the day changes.

In boxes 74-77, enter all shafts for which this
sheet applies, i.e., 1, 2, 3, 4, PosPort, SmoStarboard,
C=Center, and M=Secondary propulsion motor.

In box 78, enter the appropriate code for highest
security classification of data entered on this
form. TOP SECRET; S-SECRET; Cos CONFI-
DENTIAL: Um Unclassified.

Any entry in box 79 indicates special security
handling; leave blank unless special instructions
are received.

11. When directed to make duplicates of sheets,
use Duplicate Engineer's Bell Book (NAVSHIPS
3120/1D) and follow the additional instructions on
the back of it. Check forms for completeness and
accuracy prior to submission.,

ENGINEERING LOG

The Engineering Log NAVSHIPS 3120/2, (not
shown) is a midnight-to-midnight daily record of
the ship's engineering department. It is a complete
daily record, by watches, of important events and
data pertaining to the engineering departmentand
the operation of' the ship's propulsion plant. The
log must show the average .hourly speed in re-
volutions and knots, the total engine miles steamed
for the day, and all major speed changes, draft
and displacement; fuel, water, and lubricating oil
on hand, received and expended; the engines,
boilers, and principal auxiliaries in use, and all
changes therein. All injuries to personnel oc-
curring within the department and casualties to
material assigned to the department, and such
other matters as may be specified by competent
authority, are entered into the engineering log.

The original entries inthe log, neatly prepared
in pencil or ink, are the legal record. The remarks
must be prepared and signed by the engineering
officer of the watch, or day, before leaving his
station or being relieVed. Any errors must be
overlined and initialed by the person preparing the
original entries.

The engineer officer must verify the accuracy
and completeness of the entries and sign the log
daily. The commanding officer must sig..91640g
on the last calendar day of each month, and on
the date of relinquishing command.



CHAPTER 12

CENTRAL OPERATIONS SYSTEMS

Advances in engineering technology, the use of solid-
state devices, and computer circuitry have made it
possible to automate shipboard engineering plants.' The
automation concerns ship control and plant surveillance
mainly. Different types of automated engineering
plants, or central operations systems, have been installed
on Navy surface ships. There will be no attempt here to
describe each different system, but instead you will be
given a general description of a representative central
operations system.

GENERAL DESCRIPTION

The automated engineer1.4 plant brings
together in one location all the major control

I functions and . indications formerly located
throughout the engineering spaces. Such a central

SR:00E
CONSOLE

ENGINE ROOM
CONSOLE

operations system (COS) incorporates major
advances in boiler control, turbine control and
plant surveillance, and provides direct control
of shaft speed and direction from a console
located on the bridge of the ship. By means
of the bridge throttle control, the OOD has a
better feel of the ship and gets faster responses
to desired changes. Moreover, fewer watch-
standera are needed to operate the engineering
plant.

Major units of the central operations system
are shown in figure 12-1. The bridge and engine-
room consoles control the propulsion plant.
Information on plant conditions is provided by
instrument displays, audible alarms, indicating
lights, meters, and printout typewriters.

iELECTRICAL SECTION
ELECTRICAL SECTION

1
PROPULSION SECTION

MOILER SECTION

AUXILIARY SECTION
DATA LOGGER SECTION

DATA I000ER SECTION

SUS-LOOP
CONTROLS

SENSORS

ACTUATORS
AND

-R ITACHOMETER

PROPULSION
PLANT

CONTROL

Figure 12-1. Automatic propulsion system major units.
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ENGINEROOM CONSOLE

The engineroom console (fig. 12-2) is -the
heart of the COS, and is divided irlto five
functional sections: generators, propulsion ma-
chinery, boilers, auxiliaries, and data logger.

. iv coo e

A. FRONT VIEW

I.

B. REAR VIEW

VIM

The desk top of each console section houses
the controls and devices which must be within
the operator's reach. The vertical surface above
a desk top is primarily used for instruments and
other visual indicators. Significant readings of
plant conditions are displayed on vertical scale,

I

Figure 12-2. Engineroom console.
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Figure 12-3. Generator section.

flush-mounted electric meters. Readings which
need to be checked continuously are displayed
on digital (direct - reading) meters which the
operator connects to the desired sensing device
by dialing the "address" of the device through
a switching system. These digital meters are
called "digital demand display readouts."

In addition to permitting the operator to
monitor all important functions and conditions
in the plant without leaving his station, the COS
automatically and continuously monitors tempera-
tures, pressures, levels, and motor conditions
at over 200 points in the plant. If any of these
points go over or under their proper operating
limits, the system alerts the operator by sounding
an alarm, and a printout typewriter records
the address, value, time and date in red ink.

Generator Section
The generator section (fig. 12-3) of the

engineroom console can both monitor and control

27.346

the ship's service generators. From this section
the operator can adjust the frequency and voltage
of each generator. He can monitor the output
of each generator, and know the amount of
current in each bus tie and in the shore power
connection. He can monitor and operate any
circuit breaker in the generators, bus ties, and
shore power connection. He can test switchboard
busses for grounds, and monitor and operate
the space'heaters in idle generators.

Starting the generators must be done at the
generators. To achieve plant automation, many
of the auxiliaries that are steam driven on
conventional ships have been replaced with
electric motor-driven units. Steam-driven aux-
iliary machines are started by lining up steam,
lubricating, and condensate systems at the
machines. Once running they can be controlled
from the consoles.
Propulsion Section

The propUlsion section of the engineroom
console (fig. 12-4) contains the throttle controls

12.3
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Figure 12-4.-- Propulsion section.

and transfer switches, engine order telegraph,
shaft revolution indicator-transmitter, and the
necessary gages and indicators for monitoring
the operating conditions of the main turbines,
reduction gears, and propeller shaft.

The throttle control handwheel controls the
position of pilot valves on hydraulic power
actuators. The hydraulic power Actuators, in
turn, open or close the main steam valves to
the ahead and astern turbines, thus controlling
the speed and direction of the propeller shaft.

27.347

An alternate electrical control and a direct
mechanical control of the throttle are also

Throttle control may also be shifted to
the bridge control console, but may be reclaimed
by the engineroom personnel at any time.

Boiler Section

Tkatti4cr, section (fig. 12-6) contains the
necessary pressure, temperature, and level
indicators and alarms for monitoring boiler

12.43.,)
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27.848
Figure 12-5. Boiler section.

operation. This section also mounts an under-
water log speed indicator and a soundpowered
telephone handset and Jack. Depending on the
manufacturer of the controls, the automated
combustion controls and burner management for
the boilers are combined either' on one section
of the console or on a separate console located
in a central engineering operation station.

Auxiliaries Section

The auxiliaries section (fig. 12-6) provides
for remote operation (start and stop) of equipment,
such as fire pumps, condensate and circulating
pumps, and ventilation systems. It also monitors
nonvital systems, such as potable water, air
conditioning, and refrigeration. This section also

contains three digital demand meters. These
meters will display, upon demand, any one or,
any three simultaneously, of approximately 170
different readings relating to the boilers, fuel
and lube oil, main condensers, main turbines,
ship's service generators, and auxiliary machinery.
To obtain a reading, the operator looks up
the number (address) of the function he wishes
to read on the function address nameplate located
on the data logger section and turns a thumbwheel
switch beside the digital demand meter to this
address. The meter will then display the value
of the function selected. The same function
may be selected and read on all three meters
or three different functions may be displayed
simultaneously.

Data Logger Section

The data logger section (fig. 12-7) consists of
plant performance data logging, alarm scanning,
and bell logging equipment. The plant performance

IMMIL

11V III% 441
4

0

ME

Figure 12-6, Auxiliaries section.
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Figure 12 -7. Data logger section.

logging equipment can be set up to print, either
automatically at regular time intervals, with
continuous scanning of all sensor points or on
demand. Abnormal, conditions are printed in
red by the performance typewriter.

The bell log typewriter (on the right) records
each engine order telegraph (EOT) signal along
with time and date, throttle control location
(bridge or engineroom) and mode of operation
(bridge, et.gineroom, direct and manual), throttle
control wheel poettion (bridge or angineroom),
and shaft rpm.

Uncle: normal operation, any change of 5 rpm
in shaft speed will produce a printout; however,
there are circuits to allow for in rpm changes
in bad weather, if the shaft 's expected to come
out of the water (fig. 12-8),

The bell log typewriter can be used for
Performance Data if conditions require overhaul
of the opposite typewriter.

27.850

The Performance Data Logger (on the left,
fig. 12-7) will print out in sequence all functions
whether in alarm Condition or not, and the
printout of alarm conditions will be in RED.
In an emergency, either logger can be used
for the opposite log. When the alarm conditions
are clear, the printout will be in BLACK. If a
status request is in effect, the typewriter will
continue to print out the remainder of plant
status.

On the printout theet, time and date appear
on every 16th line, or unit of 20 numbers;
since this part of the system uses an octal
computer system and in the octaVsystem, the
final digits 8 and 9 are avoided.

If alarm-only printouts are needed for
troubleshooting, an alarm log request will give
a complete printout in RED of all circuits
in alarm condition. Figures 12-9 A and B show
a type of BELL LpG and PERFORMANCE LOG

12-6
51 "1
%- 4.1 I



Chapter 12CENTRAL OPERATIONS SYSTEMS

PUTTING SWITCH TO OFF POSITION
TURNS PERFORMANCE TYPEWRITER
OFF AND PERFORMANCE LOG *ILL
BE TYPED ON THE BELL LOG TYPE-
WRITER, PROVIDING THE BELL LOG
TYPEWRITER SWITCH IS IN NORMAL.
IF BOTH SWITCHES ARE OFF NO LOGS
CAN BE TYPED.

PERT LOS
TYPEWRITER

Off

NORM

NORM
LI:m 1410H

LIMIT Limit
(5

IF SWITCH IN "HI"DEMAND DISPLAY WILL
READ OUT VALUE AT WHICH HIGH LIMIT IS
SET. IF SWITCH IN "LO 'DEMAND DISPLAY
WILL READOUT VALUE AT WHICH LOW LIMIT
IS SET. ANY ADDRESS CAN BE CHECKED BY
USING TEST ADDRESS AND READING VALUE
ON A & B BUFFER LIGHTS.

RESET ALL CONTROL LOGIC
TO RESET POSITION

STATUS
L 00 01 'QUEST .L00 !LOUIS/

NORM

LOGI RESIT
OUT

SELL LOS
TYPEWRITER

OPP NORM

ADORERS

ALARM LOG REOUEST
PRIN.TS OUT ALL POINTS
IN ALARM.

STATUS LOG REQUESTPRINTS
OUT As.L. ANALOO POINTS.

FLASHING LIMIT AND ALARM IF DATA
LOGGER ADDRESSES MORE THAN ONE
POINT AT ATIMEALARM WILL CLEAR
WHEN SYSTEN GOES TO NEXT ADDRESS
ALARM USED TO SHOW THAT ACHECK
MUST BE MADE ON ADDRESSING CIRCUITS,

A. PERFORMANCE DATA TYPEWRITER

PUTTING SWITCH TO OFF POSITION
TURNS BELL LOG TYPEWRITER OFF
AND NOW BELL LOG WILL BE TYPED
ON PERFORMANCE LOG TYPEWRITER,
PROVIDING ITS SWITCH IS IN NORVAL.
IF BOTH SWITCHES ARE OFF NO LOTS
WILL BE TYPED.

REQUEST FOR ONE LOG CYCLE.
CANNOT REQUEST IF BELL LOG
IN PROGRESS.

ALARM AND FLASHING LIGHT IF TYPEWRITER
DOES NOT COMPLETE ITS CYCLE. IF SWITCH
IS IN NORMAL CONTROL WILL AUTOMATICALLY
ADVANCE CIRCUIT AND GO ON TO NEXT POINT.
SWITCH MUST BE PUT TO RESET BEFORE LIGHT
WILL GO ON EVEN AFTER ACKNOWLEDGE. TO
STOP TYPEWRITER CONTROL AT THE POINT OF
ERROR PUT SWITCH TO LOCKOUT AND THIS
INHIBITS THE AUTOMATIC ERROR ADVANCEMENT
SO THAT CIRCUIT CAN BE CHECKED.

FLASHING LIGHTAND ALARM IF DATA
LOGGER DOES NOT GO INTO MONITOR
MODE AT LEAST EVERY SIX SECONDS.
ALARM WILL CLEAR WHEN SYSTEM
GOES INTO MONITOR MODE. ALARM
INDICATES THAT CHECK MUST BE MADE
ON CIRCUITS. NOTE: IF MONITOR MODE
IS INHIBITED WITH TEST SWITCH ALARM
WILL SOUND.

ANNUNCItir NORM HORN
TEST

ALARM
ACK

LAMP
TEST

SILL LOS
INAPT SPIED

CHANGE

0 0 WEATHER
NORM

ANNUNCIATOR TEST FOR ENTIRE PANEL-
PUTTING SWITCH TO ANNUNCIATOR TEST
TESTS ALL MONITOR CIRCUITS ENOUGH
TIME MUST BE GIVEN FOR DATA LOGGER
MONITORING TO COMPLETE ONE CYCLE,
IN ANNUNCIATOR TEST ALARM HORN IS
SILENCED. HORN TEST IS A SPRING RE
TURN TO NORMAL AND TEST ALARM
HORN ONLY.

1

BELL LOG SHAFT SPEED CHANGE IN NORM A
BELL LOG WILL BE REQUESTED WHEN EVER
SHAFT SPEED CHANGES BY R RPM. IN BAD
WEATHER A 10 RPM CHANGE IS REQUIRED.

LIGHT TESTS FOR THE THREE ALARM LIGHTS
THAT REST ON THE PLATE IN FRONT OF THE
BELL LOG TYPEWRITER,

ALARM ACKNOWLEDGE FOR THE THREE
ALARMS ON THE PLATE IN FRONT OF
THE BELL LOG TYPEWRITER.

B. BELL LOG TYPEWRITER

Figure 12-8. Typewriter controls
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LEGEND

CONT: THROTTLE CONTROL LOCATION AND MODE
. B-BRIDGE; E-ENGINE ROOM; D-DIRECT; 0-OFF (USING MANUAL)

EOT- BR: BRIDGE ENGINE ORDER TELEGRAPH. POSITION
BO-BRIDGE CON- ROL; 83-FULL AST; 82-2/3 AST; 81-1/3 AST;
SO-STOP; FI-I/3 AHD; F2-2/3 AHD; F3-STANDARD;
F4-FULL AHD; F5-F LANK

EOT-ER: ENGINE ROOM ENGINE ORDER TELEGRAPH POSITION
SAME AS E0T--8R
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Figure 12 -9A. Typical bell log.

12.8
333

40.186



0111111111111111111111111E
1111111111E

1H
M

E
 II

11111111111111111011111111111111111
g111111111111111111111111111111111111111M

1

01111111111111111111111111111111111111111111

a

stum
m

um
m

um
m

uum
unnum

m
i

P
rIM

IIIIIIIM
IE

P
ril

11111111O
giiiiiiii

iii
ill

1
1



ACKNOWLEDGE LAMO TESTII

o-
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JPICAL SENSOR
(F OAT SWITCH)

0- NO GO

ANNUNCIATOR
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that can be used with a printout format discussed
in this chapter.

Figure 12-10 shows a basic alarm circuitry
that will sound and/or indicate an alarm in a
normal setup from -a sensor. There are provisions
for testing the alarm lights only (lamp test)
or sounding an external alarm without, affecting
the alarm lights (horn/annun. test). The AC-
KNOWLEDGE pushbutton is .used by the console

ALARM operator to indicate that he is aware of the
alarm. When he pushes this button, the blinking
stope and the indicator remains lit until the

ALARM alarm is cleared.
LIGHT

40.188
Figure 12-10. Basic monitor and alarm.

Figure 12-11 shows a basic interconnecting
view of how the scanner connects multiple inputs
and logs or indicates the information desired.

BRIDGE CONSOLE

The bridge console (fig. 12-12) provides
remote control of the throttle. The throttle

SENSORS AND/OR TRANSDUCERS

4

SINGLE POINT
EXAMINATION

DISPLAY

0
CLOCK

SCANNER
O

AMPLIFIER

1

A/D CONY.
REFERENCE

4 ,

LOG PRINT COMPARE

41 1
AUDIBLE ALARM ALARM
ALARMS ANNUNCIATOR PRINT

Figure 12-11. Typical data logger.
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control handwheel and other necessary equipment
for control of the propulsion plant are mounted
on the left section of the console. The ship's
helm and other steering and nuvigation equipment
are mounted on the right section as shown in
figure 12-13.

SENSORS

The sensing devices used with the autcmated
controls are in most cases improved versions
of dete"tors already receiving wide usage
throughout the fleet. In t.il cases the manu-
facturers' technical manuals used with the
system give complete installation, operation,
and maintenance instructions.

Pressure Sensors

Pressure sensors are used to convert plant
pressures to electrical signals for further trans-
missien to the engineroom console. Two of the
main types of sensors are the pressure-to-
current transmitter and the pressure switch
types.

The pressure-to-current transmitter (fig. 12-
14) converts the applied pressure to a direct
current proportional to the applied pressure.
This current can then be applied to a meter
(usually a microammeter) for remote indication.
The meter is calibrated in the desired scale (psi).

The pressure switch type transmitter finds
its application in the alarm circuitry on the
engineroom console. At a given high or low
pressure, electrical contacts within the switch
housing are actuated completing or breaking
a circuit and sounding an alarm.
Level Sensors

Three types of level sensors are generally
employed throughout the system. Since pressure
may be a function of level, two of the devices
are the pressure sensors just mentioned: the
pre;_aure-to-current for indication and the
pressure switch for alarm.

An additional level sensor is used in Wages
and =vented tanks. Its operation is similar
to that of a float switch.
Tsmperature Sensors

Temperature is measured by means of resis-
tance temperature detectors (RTD). The RTD

4'

Figure 12-13. Bridge control.

12-12 3
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(A) .Differential Pressure-to-Current Transmitter
(B) Pressure-to-Current Transmitter
(C) Float Switch
(0) Differential Pressure' Switch
(E) Pressure Switch

Figure 12-14. Pressure and level sensors,

(fig. 12-15) consists of a sensing element encased
in a protective tube. Since the electrical resistance
of the element changes with temperature changes,
the temperature can be determined by measuring
the resistance.

For temperatures no greater than 600°F,
a nickel resistance element is used. In this
case, the RTD is either etem sensitive (the
sensing element is located within a few inches
of the stem) or tip sensitive (the sensing element

140.92

is within the tip of the detector tube which
must be pressed against the material being
measured). Above 600°F, a platinum element
is employed in the stem-sensitive detector.

In most applications the RTD fits into a
thermo well which is bored and threaded to
receive the detector. When fitted in this way,
the unit may be removed from the measured
component or piping without disturbing the
integrity of the component. Extra protection
is also afforded to the element in this manner.

12-13
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(A) Stem Sensitive RTD
(B) The rmowell with Adapter.
AC) Tip Sensitive RTD
(0) The rmowell with Holder

ti

Figure 12-15. Resistance temperature detectors.

Figures 12-16 A and B will give an idea of
the amount of monitoring used on equipment
to ensure normal system operation.

Figure 12-17 shows the simplified diagrams
for signal conditioning and adjustments Which
may be made, if necessary, for proper operation.

Malfunctions in the sensor/detector circuits
(shorts, grounds, etc.) will usually be printed
out by the typewriter as indicating either full
scale rating or a minus condition if a meter is
pegged below zero. A sensor malfunction will
usually have no immediate effect on normal
operation of ,the rest of the monitoring system.

Synchronous timing generator malfunctions
are usually limited to the date/time sensing
information and readout with no effect on the
throttle control system.

If malfunctions in the throttle control system
develop in any control amplifier stage, the

140.93

9

throttle can either be operated by direct elec-
trical controls located on the propulsion section
or manually by the ahead or astern handwheel
on the front of the console station (fig. 12-18).
Direct electrical control will automatically
remove the control power from the motor power
supply when either the ahead or astern switches
are operated.

DATA SCANNER

The DATA SCANNER (fig. 12-19) is the
control section for the entire logging system.
The functional components of each control
module are defined as follows:

SYNCHRONOUS TIMING GENERATOR (22): Pro-
vides a 20-1cHz signal for normal operation,
and selected lower frequencies for troubleshooting
the system.

REQUEST (25): Manually operated to select
the mode of operation; determines what mode

12-14
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40.192
Figure 12- 16A. Typical man propulsion unit

bearing temperature monitor.

(manual operation) bell log, alarm log, status
log, or display the system will operate in.

PROGRAM CONTROL (23): Automatically oper-
ated; senses and delegates by priority the mode
of operation the system will operate in.

POINT DRIVE (26): Controls the sequence of
operation of the scanner whether one function
or all the functions are to be logged or displayed.

PROGRAM CONTACT (39): Determines when the
system will adjust for linearization, scaling,
high and low alarm points, isolation amplifier
gains.

ISOLATION AMPLIFIER (28): Adjusts all analog
inputs to have a required 10-volt output for
the A/D CONVERTER.

LIMIT CHECK (34): Compares the binary digital
signal input to a preset binary value for alarm
conditions and supplies the information to the
ALARM LOG for printout.

LINEARIZATION (32): Compensates for the non-
linear characteristics between types of RTDs
when used on different temperature levels.

SCALE FACTOR (33): Automatically divides by
.6 to give a linear output due to a variable
input range.

A/D CONVERTER (29): Converts an ANALOG
voltage of 0-10 volts to a DIGITAL number

GENERATOR
S

Q S:-.SENSOR

SCANNER (27): Connects all sensors and actuator 40.193
information into the system as determined by Figure 12 -16B. Typical turbine generator
POINT DRIVE (26). bearing temperature monitor.

12-15
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PRECISELY
12 VOLTS

SPAN R9
ADJ ---1

R7 R8 1

EXTERNAL 6_
METER

EXTERNAL JUMPER TO BE
ADDED IF NO METER IS
CONNECTED.

R2

RIO

R3
ZERO ADJ

OUTPUT TO
DATA SCANNER

R3-ZERO ADJUSTMENT
R7-FULL SCALE ADJUSTMENT

Figure 12 -17A. Typical RTD bridge circuit.

SIGNAL
CONDITIONING FILTER

+50 V

SIGNAL CONDITIONING

POINT
SELECT
RELAY

TO DATA SYSTEM
MONITOR AND LOGGING

POINT
SELECT
RELAY

_TO DATA SYSTEM
MONITOR AND LOGGING

ACOM

C

Figures 12-17B and C. Simplified sensor circuits.
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Figure 12-18. Manual control station.
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of 0 to 999 (999 uscally being a full-scale
reading). If the information is requested and/or
the address is in alarm, the A/D CONVERTER
then transfers the values via the word distributor
(24) to the scaling 'module (;0). If neither of
these conditions exists, the es- Inner executes.
"branch back" (return to startInF point), picks
up the next address, and repez.:_s process.

WORD DISTRIBUTOR (24): T-ansfers the required
.information/alarms to the proper modules for
logging and/or displays.

SCALING (30): Does the arithmetic necessary
for a linear reproduction (0 to 439 DIGITAL)
by accepting inputs tram the linearization or
scale factor modWas and whichever address
is selected.

REAL TIME CLOCK (44): Develops and supplies
time and date for display and printout on both ,
typewriters as needed.

DIGITAL INPUT (43): Takes position of the
engine order telegrapi switch, throttle control
location switch and month/day thumb switches
for an input and converts into a DIGITAL source
for display and printout.

R REGISTER (31): Stores the alarm information
only until the demand for printout or display
is requested.

LOG PRINTOUT (37): Contains the counters,
controls and storage necessary to process the
signal'for operation of the typewriter(s).

TYPEWRITER DRIVE (38): Controls the type-
writer selection (A or B), character (address)
to be typed,. interlocking and feedback controls
for proper sequence of operation, code trans-
lators for printouts and print magnet drive.

DIGITAL t)1. PLAY (44): Displays any one of
377 addresses when dialed on one or more
than one display module.

Information leaving the scaling module for
display is sent directly to the digital display
buffers and readouts (44) and appears at the
readout units on the console face.

The entire operation from pickup of the
input address to activation of the printout units
requires a time span of 0.0367 milliseconds.
The assembly will monitor the complete bank
of 273 inputs in approximately 2 seconds

provided there are no requests or alarms
conditions presented to the system during that
time period.

THROTTLE CONTROL

Figure 12-20 is a block diagram of the
throttle control system. A reference input signal
may be taken from either bridge or engine-
room reference handwheel potentiometer and
fed to the system. Negative voltages are used
for ahead speeds r.nd positive for astern. The
signal then passes through a common operational
amplifier where it is inverted and then goes
to the common circuit for bothl the ahead and
astern turbines. The functions generators will.
accept only a signal of given polarity. The ahead
function' generator accepts positive signals and
the astern funiction 'generator negative signals.
The signal to the function generator is also
used as a reference signal for the speed feedback
system. This circuit compares the reference and
speed feedback signals and uses the algebraic
sum as the input to the speed error amplifier.

The signal to the function generator is ad-
justed within the Amplifier so that the output
is equivalent to the cube of the input. This is
done to chews the linear movement of the
reference to the nonlinear characteristics of
the throttle valve. Inversion once agiin takes
place in the function generator.

The output of the function generator is
matched with the speed error signal and the
throttle position signal at the ,summing junction
and the allobraic sum is fed to the summing
amplifier. Inversion takes place and the output
controls the action of the SCR power package.

The SdR power package will cause the pilot
motor to drive in either direction depending
upon the input. A positive input vfill cause the
pilot motor to drive in a direction to open
the throttle valve. A negative input will- close
the throttle valve. The SCR power package
will be inhibited by limit switches if the motor
travel exceeds a predetermined point of travel.

The pilot motor positions a pilot valve in
the hydraulic actuator which ports oil in the
proper direction to correctly position the throttle
valve.

A reference signal for throttle position, which
is controlled by the pilot motor, is fed back
to the summing junction. This section cancels
the input signal when the desired valve opening
is reached.

During direct electrical control of the throttle,
the contacts in the throttle location switch change

12-19
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Figure 12-20. Block d.agram of throttle control system.

the circuitry eliminating the regulated signal
and Betting up the circuitry for signals from
the direct throttle switches.

During manual operation, the manual clutch
is engaged and the hydraulic actuator is in-
hibited. In addition, the hydraulic system is
vented to prevent a hydraulic lock and permit the

140.95

movement of the handwheel for manual throttle
control.

A tachometer generator on the shaft produces
an output signal that is fed back as the speed
error signal. This signal produces a rapid
response from the system when the engineering
plant sin the maneuvering mode. Under normal

ICI j
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steaming conditions the speed feedbe signal
is not utilized.

The dign0.3 for astern. throttle -movement
are handled in the same manner but all the
polarities are reversed,.

POWER SUPPLIES

The consoles are supplied from the ship's
450-volt power system via a NO-BREAK POWER
supply in case the ship's regular supply is lost.
The battery supply will last approximately 40
minutes under normal load conditions. The 450 -
volt ship's power provides three voltages: 28,
50,. and . 12. The 28-volt supply is used for
indicating lights and relays. It has a tolerance
of 2 volts and is not as critical as the other
supplies. The 50-volt supply is used for throttle

(

control; its tolerance is within 0.05 volts. The
12-volt supply, plus or minus 0.05 volts, is
used with the RTD bridges and sensors. It
is as critical as the need for accurate information.

The 50-volt and 12-volt supplies have ad-
justments to achieve the desired voltages. The
28-volt supply does not have any adjustments.

Incorporated in the alarm circuits is a high
and low alarm monitor that will indicate if any
power supply goes above or below a preset
amount, warning the console operator of the
problem.

Strict adherence to maiptenance requirements is of
paramount importance. Consult the maintenance
requirement cards provided by the Planned Maintenance
Subsystem and follow the procedures set down in
manufacturers' technical manuals.

12-2135 4



CHAPTER 13

BASIC ELECTRONIC COMPONENTS AND CIRCUITS

Although there have been many attempts to
explain the difference between the meanings of
the words electricity and electronics, they are
more alike than they are different. For instance,
electricity and electronics are both concerned
with the use of electricity to operate equipment.
The field of electricity is usually concerned
with its use in magnets, generators, motors,
lights, and heaters; the field of electronics with
the use of electricity,, in radio, television;
radar, telephone, and ,other equipment in which
electron tubes or trankiators are needed.

Current and voltage cannot tell the difference
between an electrical circuit and an electronic
circuit. The components that have been built
into the circuit determine how the current and
voltage will be used to make the electrical or
electronic equipment work. One of the most
recently developed electronic components is
the transistor. Transistors are constructed from
solid materials, classified as semiconductors,
whose resistance, to the flow of electrons is
between that of insulitOrs and conductors,

Any circuit can be thought of in terns of
the effects that resistors, capacitors, and in-
ductors (coils) have on current or voltage. The
effect that a resistor has on current or voltage
is measured . in terms of its resistance; the
effect of a capacitor is measured in terms of
its capacitance; and the effect of a coil is
measured in terms of its inductance. The effect
that each of these measurable properties has
on current or voltage depends on whether the
current is direct or alternating and, if alter-
nating, how fast the current or voltage is changing

"(frequency).
As an Electrician's Mate, therefore, you'will

find it necessary to test resistors, capacitors,
and inductors in an electrical or electronic
circuit by measuring or otherwise determining
the effects of their properties on the current
'or voltage of the circuit.

RESISTOR TESTING

As you already know, current passing through
a resistor generates heat. If too much heat is
generated, the resistor will be damaged. Wire
in the wound = resistor will become open, or
some of the carbon in the composition resistor
will burn away, thus, changing the resistance
value; normally, but not always, to zero ohms
or infinity.

RESISTOR RATINGS

Th current-carrying capacity of a resistor
is rat ccording to the amount of heat it can
safely release in a given amount of time. ..There-
fore, a resistor cannot be used in a circuit
where current causes heat to build up faster
than the resistor can dissiPate it.

Since heat is a form of energy, the heat
releasing- rate of a resistor is measured in
energy units called watts. Composition resistors
are usually rated at 1/3i 1/2, 1, and 2 watts.
The power ratings of wirewound resistors are
larger.

RESISTOR TOLERANCES

A resistor will rarely measure the exact
number of ohms specified by its label or color
codes. The amount it will vary is called tolerance.
Resistor tolerance id' given as a percentage
value which indicates the'amount that a resistor
may vary above or belrts specified value.
Standard tolerances' for omposition resistors,
are 5, 10, and 20 percent. Wirewound resistors
may have tolerances as low as 1 or 2 percent.

Take a 1,000-ohm resistor 10 percent toler-
ance as an examole. Ten percent of 1,000 is
100,6hms. Because of the tolerance factor, this
resistor will measure somewhere between 100
"ohms above and 100 ohms below the, labeled
value of 1,000 ohms. The range is from 900 to
1,100 ohms.

13-1
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RELIABILITY

TOLERANCE
MULTIPLIER

2041110W (CANT FIGURE

161 SIONIFICANT IIOURE

Figure 11-1. Color Coded Resistor.

Resistor tolerance is not an indication of
poor manufacturing. Closer tolerances can be
achieved, but at greater expense. A resistor
with a 10 percent tolerance will cost less than
one with a 10 percent tolerance.

RESISTOR COLOR CODES

Wirewound resistors normally have melt value in
ohms and tolerance in percent stamped on them. For
carbon or composition resistors a color codris used, For
trowel years, resistance values have been coded by three
colored bands painted around the body of the resistor.
If the tolerance is either five or ten percent, a fourth
color bend is used; if 20 percent there is no fourth color
bend, The reliability level is indicated by a fifth color
band, but only if the fourth band is shown. Positions of
the bands are as shown in figure I 1,

The first two color bands 1 and p of figure
1).1) indicate the first two d to in the cqJ rs and
numbers table (table 11.1). The third bend is the
multiplier and indicates the number of 9tros that follow
Ow first two digits, The fourth hand W indicates the
tolerance and is either sold Of silveraor five or ten
percent, respectively, The fifth band cf) indicates the
reliaMUty level per 1,000 hours es shown in Titbit 13.1,

In applying the reliability level table for a resistor
cola: coded brown, the chime/ of failure will not exceed
1 percent for every 1,000 hours of operation of that
resistor, In equipment such as the Navy's complex
sumpifiers this is very significant. In a piece of
equipment containing 10,000 otiose NOW's/kJ
rosiston, it means that no more then one resistor will
fail during 1,000 hours of operation. This is very good
rellabihty.

Always use a replacement resistor with a wattage
reline equal to or higher than that of the original- -never
lower. fterwiw, the replacement will bum out. You
can ow dig physical sire of the resistor as a guide, if the
replacement is the UM type (carbon, metaltrid, or
wittwound) as the otiejnal. The replacement should be
the same physical sire or law.

RESISTORS WITH SPECIAL
CHARACTERISTICS

Before proceding further a brief description
of special applicAtion resistors will be given.
Wirewound resistors generally have a positive
temperature coefficient, while carbon resistors
have a negative temperature coefficient. In some
applications, it is desirable to have a resistor
in which resistance will change with ambient
temperature change.

Thermistor

A thermistor is a special semloonductor
device/. It functions as a thermally sensitive
resistor whose resistance varies inversely with
temperature. Thermistors have large negative
temperature ooefficientsi that is, as the tem-
perature rises, resistance of the thermistors
decreases, and as the temperature drops, their
resistant* Increases. The resistance of a therm-
istor is varied not only by ambient temperature
changes but also by heat generated internally
by the passage of current,

Since the thermistor is basically a variable
resistor, it is usually constructed from semi-
conductor material of greater resistivity than is
used in transistors or semiconductor diodes.
Therefore, the thermistor's response to ambient
temperature variations does not track equally
with that of the transistor semiconductor, so
that compensation is achieved only at stow points
of correspondence, As a result, the thermistor's
greatest usage is In the field of temperature

13.2

Table 12-1. Colors and Numbers
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INSULATOR

CONDUCTOR

(A)

(B)

BAKELITE FORM

BE2: 8
Figure 13-2. Paper capacitor.

controls and measurements and power measuring
equipment based on heating effect, such as
Omits where there is liable to be a large su
of current when the equipment is first turned on
Although the thermistor is a semiconductor,
it does not have intrinsic amplification capabilit ,
ark does the transistor, it is used in therm 1
compensating circuits for transistor stabilize/.
tion.

Varistor

Another type of resister with special charac-
teristics is the varistor. It may also be called a
voltage-dependent resistor. When the voltage
across the varistor increases, the resistance
of the varistor decreases. Variotors are used
in circuits to protect the circuit from high
voltegf surges. In the event the source voltage
increases, the resistance of the varistor will
deer ass, thus drawing a large current from the
sour e which will lower the voltage available to
the r mainder of the circuit.

CAPACITOR TESTING

The property of a capeolior that is measurable
is known as capacitance, en indication of how
many excess electrons the capacitor can store

on one plate to develop a specific charge. By
definition, the unit of capacitance is farad. As
defined, however, a farad is too large to be a
practical unit of measurement. Instead capac-
itors are measured in miorofarads /(1/1CP or
one millionth of a farad) or in ,Ploofarads
(1/1012 or one millionth of a millionth of a
farad). The symbols for these units/ are Al and
pf, respectively.

/FIXED CAPACITORS /

Fixed, capacitors are constructed in such
manner that they possess a fixed alue of capaci-
tance which cannot be' adjusts They may be
of seined according to the t of material
u ea as the dielectric, such eepaper, oil, mica,
a d electrolyte.

A PAPER CAPACITOR is one that uses
apex d,11 its dieleotrio. It consists of flat thin
trips of metal foil conductors, separated by

the dielectric material. In/ this capacitor the
dielectric used is waxed paper. Paper capacitors

/ usually range in value from /about 300 picoferads
to about 4 miorofarads. Normally, the voltage
limit across the plates rarely exceeds 600 volts.
Paper capacitors are sealed with wax to preVent
the harmful effects of moisture and to prevent
corrosion and leakage. /

Many different kinds of outer covering are
iced for paper oapeoi rs, the simplest being
a tubular cardboard. So e types of paper capaci-
tors are encased in a old of very hard plastic;
these types are very gged and may be used
over a much wider to perature range than the
cardboard-case type. !pre 18-2 (A) shows the
construction of a tub lar paper capacitor; part
(B) shows a comp eted cardboard encased
capacitor.

A MICA CAPACI OR is made of metal foil
plates that are sep rated by sheets of mica,
which form the, diel otrio. The whole assembly
is covered in molded plastic. Figure 18-8 (A)
shows a cutaway Mew of a mica capacitor.

\By molding the c pacitor parts into a plastic
case, corrosion a d damage to the plates and
dielectric are pre. anted in addition to making
the capacitor mechinically strong. Various types
of, terminals are used to connect mica capacitors
into circuits; theist) are also molded into the
plestio case.

Mica is an expellent diet otrio and will with-
stand higher voltages than paper without allowing
arcing betwee the plates. Common values of
mica, capacitors/ range from approximately 60
Incoferaas to abed 0.02 microfarad, Some typical
mica \\oval:More are shown in figure 18-8 (B).
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TERMINAL

(A)

PLASTIC CASE

(13)

BE214
Figure 13-3. Typical Mica Capacitors,

A CERAMIC CAPACITOR is so named because
of the use of ceramic dieleo.rics. One type
of ceramic capacitor uses a hollow ceramic
cylinder as both the form on which to construct
the capacitor and as the dielectric material.
The plates consist of thin films of metal deposited
on the ceramic cylinder.

Figure 13-4. Ceramic Capacitors.

A second type of ceramic capacitor is
manufactured in the shape of a disk. After
leads are attached to each side of the capacitor,
the capacitor is completely covered with an
insulating moisture-proof coating. Ceramic ca-
pacitors usLAly range in value between 1
picofarad and 0.01 microfarad and may be used
with voltages as high as 30,000 volts, Typical
capacitors are shown in figure 13-4.

ELECTROLYTIC CAPACITORS are used
where s 'stage am?) int of capacitance is required.
As the name implies, electrolytic capacitors
contain an electrolyte. This electrolyte can be
in the form of either a liquid (wet electrolytic
capacitor) or a paste (dry electrolytic capacitor).
Wet electrolytic capacitors are no longer in
popular use due to the care needed to prevent
spilling of the electrolyte.

Dry electrolytic capacitors consist essentially
of two metal plates between which is placed
the electrolyte. In most cases the capacitor is
housed in a cylindrical aluminum container which
acts as the negative terminal of the capacitor
(fig. 18 -5). The positive terminal (or terminals
if the capacitor is of the multisection type)
is in the form of a lug on the bottom end of the

ALUMINUM FOIL

PAPER ANC
ELECTROLYTE

PAPER

OXIDE FILM

BE218
BE215 Figure 13-5.7. Construction of an Electrolytic

Capacitor.
3 S
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container. The size and voltage rating of the
capacitor is generally printed on the side of
the aluminum case.

An example,* a multisection type of electro-
lytic oapacitql. is depicted in figure 13-6. The
cylindrical aluminum container will normally
erivlose four electrolytic capacitor, into one can.
Each section of the capacitor is electrically
independent of the other sections and one section
may be defeCtive while the other sections are
still good. The can is the common negative
connection with separate terminals for. the posi-
tive connections identified by an embossed mark
as shown in figure 18-5. The common identifying
marks on electrolytic capacitors are the half
moon, triangle, square, and no identifying mark.
By looking at the bottom of the container and
the identifying sheet pasted to the side of the
container, the technician can easily identffy each
section.

Internally, the electrolytic capacitor is con-
structed similarly to the paper capacitor. The
positive plate consists of aluminum foil covered
with an extremely thin film of oxide which is
formed by an electrochemical process. This thin
oxide film acts as the dielectric of the capacitor.
Next to, and in contact with the oxide, is placed
a strip of paper or gauze which has been im-
pregnated with a paste-like electrolyte. The
electrolyte acts as the negative plate of the
capacitor. A second strip of aluminum foil is
then placed against the electrolyte to provide
electrical contact to the negatiVe eleotrode
(electrolyte). When the three layers are in place
they are rolled up into a cylinder as shown in
figure 18-5.

Electrolytic capacitors have two primary
disadvantages in that they are POLARIZED, and
they have a LOW LEAKAGE RESISTANCE.
Should the positive plate be accidentally connected
to the negative terminal of the source, the
thin oxide film dielectric will dissolve and the
capacitor will become a conductor (i. e., it will
short). The polarity of the terminals is normally
marked on the case of the capacitor. Since elec-
trolytic capacitors are polarity sensitive, their
use is ordinarily restricted to d-c oirouits or
oircuits where a small a-o voltage is superim-
posed on a d-c voltage. Special electrolytic
capacitors are available for certain a-$:3 applioa-
tione, euoh as motor starting capacitors. Dry
electrolytic capacitors vary in size from about 4

microfarads to several thousand microfarads, and
have a voltage limit of approximately 600 volts.

The tyre of dielectric used and its thickness govern
the amount of voltage that can safely be applied to a
capacitor. If the voltage applied to a capacitor is high
enough to cause the atoms of the dielectric material to
become ionized, an arc over will take place between the
plates. If the ,capacitor is not self-healing, its
effectiveness will be impaired. The maximum safe
voltage of a capacitor is called its WORKING
VOLTAGE and is indicated on the body of the
capacitor, The Working voltage of a capacitor is

determined by thel type and thickness of the dielectric.
If the thickness of the dielectric is increased, the
distance between e plates is also increased and the
working voltage 1 be increased. Any change in the
distance between e plates will cause a change in the
capacitance of a capacitor. Because of the possibility of
voltage surges (brief high amplitude pulses) a margin of
safety should be allowed between the circuit voltage and
the working voltage of a capacitor. The working voltage
should always be higher than the maximum circuit
voltage. Caution: Voltages higher than the working
voltages may cause the capacitor to explode.

CAPACITOR COLOR CODING

Many capacitors have their value printed on
them, but some use a color-coded system. The
color code is the same as that for resistors,
but.the methods of marking the capacitors differ.
The method for fixed mica capacitors is shown
in figure 18-8.

A black dot in the upper left corner oignifies that
the capacitor has a mica dielectric. The center dot in the
upper row indicates the first significant figure, and the
upper right dot indicates the second significant figure of
the capacitance value in picofarads (p1). The right dot in
the lower row indicates the decimal multiplier or
number of zeros to be added to the right of the two
significant figures. The center dot (lower row) specifies
the tolerance, which is the possible deviation of the
actual capacitor value from that given by its dot
markings. The left dot on the lower row deals with the
temperature coefficient and applications. As an
example, take a capacitor with upper row dots colored
black, red, and green (reading from left to right
according to the directional indicator). This is a mica
capacitor; the significant figures are 2 and 5. Suppose

13.5
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COLOR

CAPACITANCE

TOLERANCE CHARACTER.
ISTIC

BLACK DOT IDENTIFIES
DIRECTIONALMICA CAPACITOR
INDICATORS

SIGNIFICANT
FIGURE

DECIMAL

MULTIPLIER

AigrSIGNIFICANT
m _H_ 1ST

FIGURES OF
CAPACITANCE

2ND IN pfBLACK 0 i 20 PERCENT A
BROWN 1 10 B CHARACTERISTIC
RED 2 100 2 PERCENT C CAPACITANCE TOLERANCE DECIMAL MULTIPLIER
ORANGE 3 1.000 D

CHARACTERISTICSYELLOW 4 E
A - ORDINARY MICA BYPASSGREEN 5 F
B - SAME AS A-LOW LOSS CASEBLUE 6 G C - BYPASS OR SILVER MICA (±200 PARTS/MILLION/C)VIOLET 7
0- SILVER MICA (j100 P ART S/MIL L ION/C)GRAY s
E - SILVER MICA (0 TO +100 PARTS /MILLION /C)WHITE

GOLD
9'

0.1 5 PERCENT F - SILVER MICA (0 TO + 50 PARTS /MILLION /C)
SILVER 0.01 10 PERCENT G - SILVER MICA (0 TO -SO PARTS/MILLION/C)

20.376(71)Figure 13-6. Color Code for Fixed Mica Capacitors.

the lower row of dots (reading from right to left) are
brown, red, and red. The brown dot requires the
addition of one zero to the value of 25, resulting in 250
pf. The red center dot indicates that the actual capacitor
value may vary from 250 pf by plus or minus 2 percent.
The left red dot means a bypass or silver mica capacitor.
Some mica capacitors have only three dots, indicating
the first and second significant figures and the
inultiplier. Their tolerance is 20 percent and their rating
is 500 volts. Try reading some of the capacitor values
you see in electronic devices when they are exposed to
view. Learning to read capacitor values is a matter of
practice, much like reading resistor values.

CIRCUIT TESTING

CapacVance, inductance, and resistance are
measured precisely by alternating current
bridges. These bridges are composed of capaci-
tors, inductors, and resistors in a wide variety
of combinations. The bridges .operate on the
principle of the Wheatstone biidge, in which
an unknown resistance is balanced against known
resistances. The unknown resistance is calculated
in terms of the known resistance after the
bridge is balanced. One type of capacitance bridge
circuit appears in simplified schematic form

WOW
60 Hs

117 VOLTS

20.344
Figure 13-7.Simplified Schematic of Capacity Checker.
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in figure 13-7. When the bridge is balanced by
adjusting the two variable resistors, no a-c
voltage if; developed across the input of indicator
tube Vl.

In the basic Wheatstone bridge circuit using
d-c voltages and simple resistances, the balance
is obtained when the voltage drops are equal
across the ratio arms. In the a-c capacity

--biidge, it is insufficient to have quality of
voltage drops in the ratio arms. The phase
angle between current and voltage in the two
arms containing the capacitors also must be
equal in order to, obtain a balance. When a
balance is obtained, the current is equal on
bth sides of the bridge circuit.

The capacitance - inductance -resistance bridge
of figure 13-8 not only measures capacitance,
resistance, and inductance values, but is also
used for special tests, such as the turn ratio
of transformers and capacitande quality tests.

STRAP
RINGS

TR$T
CORDS

MST RUGTION
BOOK

,POWIR CORD
AND PLUG
(11TOW10 )

CARRYING
NA N

20.345
Figure 13-8. Capacitance-

Inductance-Resistance Bridge, Type 2M-11/U.

1:4
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BLACK-YELLOW

BLACK-RED
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PRIMARY BLACK

PRIMARY

BLACK

RED
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VOLTAGE

RED

RECTIFIER
YELLOWBLLIE

FILAMENT

FILAMENT
NO.1

BROWN

ROWN-YELLOW FILAMENT
NO.2

BROWN

SL ATE ELLowFILAMENT

SLATE

NO.3

20,379(71)

Figure 13-9. Color. Coding of Small Power
Transformer Leads.

It is a self-contained instrument, except, for a
source of line power. It has its own source of
1000-Hz bridge current with a sensitive bridge
balance indicator, and adjustable source of direct
current for electrolytic. capacitor and insulation
resistance testing, and a meter with suitable
ranges for .leakage current tests on electrolytic
capacitors.

TRANSFORMER TESTING

Transformers ordinarily are tested bycheck-
ing for shorts, measuring resistance of the
individual wingings, and measuring 'voltage
outputs of eacK winding. The technical manual
for the equipment that contains a transformer
describes the transformer, specifies the'termi-
nals to test for each winding, and tells what
each measurement should be. Transformers,
of. the size used in electronic equipment, usually
are color coded as shown in figure 13-9. In an
untapped primary, both leads are black. If the
primary is tapped, one lead is common and is
colored black, the tap lead is black 'and yellow,
and the other lead is black and red.

On the transformer secondary, the high-
voltage winding has two red leads, if untapped,
or two red leads and a yellow and red tap lead,
if tapped. On the. rectifier filament windings,
--allow leads\ are used across the entire winding,
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and the tap lead is yellow and blue, If there
are other filament windings, they may be green,
brown, or slate. The tapped wire is yellow in
combination with one of the colors just named;
that is, green and yellow, brown and yellow,
or slate and yellow.

An easy way to check a suspected malfunction-
ing transformer Is to measure its output voltage.
Use a voltmeter to measure across the proper
terminals, and compare the readings obtained with
the proper voltage given in the technical manual.
If only one reading is in error, only that winding
is at fault. However, the transformer will require
replacement. If all the readings are in error,
the trouble could possibly be a high- or low-
input voltage. Consequently; always measure the
input voltage as well as the output voltage.

If the voltage measures high or low at any
of the output windings, the next step is to
measure the resistance of each winding. Make
sure the connections to the terminals, are dis-
connected first. Power to the equipment must
be secured prior to disconnecting a transformer.
Once the leads are free, measure the resistance
across each winding with an ohmmeter set to

FILAMENT
PLATE

FILAMENT

CATHODE

PLATE

PLATE

CATHODE

FILAMENT

4.140
Figure 13-11. Cutaway of an Indirectly Heated

Diode.

the proper scale. Check each winding carefully,
including any center taps. Next, test for shorts
between windings and between windings and
ground.

If no faults are indicated by the voltage or
resistance readings, or by the tests for shorts,
assume the transformer to be in proper operating
condition. Then reconnect it in the circuit.

If a replacement is required, use only the
one recommended by the manufacturer's technical
manual. Always test for shorts and check the
resistance of a new transformer before installing
it in the circuit.

FILAMENT

IDENTIFICATION OF CHASSIS WIRING
DIRECTLY HEATED

4.140A Standard colors use in chassis wiring for
Figure 18 -10. Cutaway of a Directly Heatei the purpose of circuit identification of the equip-

Diode. mr, t are . follows. Caution should be used
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when identifying wires using this code as wiring
changes may have been made that failed to

tcomply with the code.

Circuits

Grounds, grounded elements
and returns

Heaters or filaments, off
ground

Power supply B plus

Screen grids

Cathodel

Control grids

Plates

'ower supply, minus

A-c power lines

Colors

Black

Brown

Red

Orange

Yellow

Greeti

Blue

Violet (Purple)

Gray

Miscellaneous, above or below White
ground returns, AVC, etc

DION S

The simple diode tube contains a heated
cathode and a cold plate. DI is a prefix signifying
two. ODE is the suffix as in electr2sle, oath e,
and anWs. The plate collects electrons when
the cathode is heated in a vacuum, and a positive
potential exists on the plate with respect to
the cathode,

One version of the diode is shown In figure
18 -10 with its two elements indicated as plate
and filament.

Another version of a diode is shown in figure
18 -11. Its filament serves only as a heater.

In an electronic circuit the two electrodes
If a diode act in the manner of a flow valve
in a water

OPERATIJN

The behavior of a diode is observed after
the plate and cathode elements have been connected
in series with a battery and mililammeter, as
shown in figure 13-12. Carefully observe polarity
changes of the battery when it loused in arrange-
ments A and B, respectively. The cathode is

A
PLATE POSITIVE

B
PLATE NEGATIVE

Figure 131:12, Action of Diode.

brought up to normal temperature by ,ipplying
rated voltage across the heater terminals. If
the battery is connected so that the pious is
positive with respect to the cathode (fig. i 3 -12A,
the meter will indicate a current flow. Wien the
battery is reconnected (fig. 13-12B) so that
the plate is negitive with respect to the cathode,
the meter will indioste no plate enrrent flow.

The total number of electrone, einittea by
the hot electrode' at a given operating torwerature
is always the same regardless of the plate
voltage, This same condition exists regardless
of plat' polarity because the electrons fly into
the space surrounding the cathode to rilAuce
a cluster or cloud.

Thin aloud constitutes a negative space charge
that minstantly Wilds to repel the electrons
toward, and into, the cathode as fast as they
are being emitted. The negative charge on the
plate of figure 13-12-B only repels the nearby

20.1
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electrons within the cloud, but the action is
so effective that none of the electrons reaches
the plate (regardless of amount of voltage) as
long as the plate remains negative.

With low values of positive plate voltage, only
those electrons of the space-charge cloud that
are nearest to the plate are attracted to it, and
the plate current is low. As the plate voltage
is increased, greater numbers of electrons are
attracted to the plate and, correspondingly, fewer
of those being emitted aro repelled back into
the cathode.

Eventually a plate voltage value (saturation
voltage) is reached at which all the electrons
being emitted are in transit to the plate, and
none are repelled back into the cathode. The
corresponding value of current is called the
saturation current. Any further increase in plate
voltage can cause no further increase in plate
current flowing through the tube.

TYPES OF DIODES

Diodes that have been discussed thus far
are of the high-vacuum type. -There are other
types of divvies that contain xas at a relatively
low pressure.

The original use of the word, diode, was
restricted to electron tubes. Scientific research
has produced other devices that perform the
same functions as the earlier diodes, although
they are not electron tubes. These devices are
semiconductor diodes and are discussed later.

TYPES OF CATHODES

,Only a few substances can be heated to the
hip temperatures that are required to produce
satisfactory thermionic emission without melting.
Tungsten, thoriated-tungsten, :.nd oxide-coated
emitters are the types, that are commonly used
in electron tubes.

HEATING THE CATHODE

The electron-emitting cathodes of electron
tubes are heated in two waysdirectly, and
indirectly. A directly heated cathode receives
its heat by the passage of a current through
the filament itself which serves as the cathode.
An indirectly heated cathode comprises a metal
sleeve that surrounds the filament but is elec-
trically insulated from it. The sleeve serves
as the cathode and receives its heat mostly by
radiation. Both type I are shown in figure 18 -18.

SUPPORT

FILAMENT

DIRECTLY MUTED
A

OX101.00ATE0
CATHODE SLEEVE

MATER
FILAMENT

I. DIRECTLY' HEATED
B

18.21
Figure13-18. Methods of Heating the Cathodes

of Electron Tubes.

PHYSICAL CHARACTERISTICS OF
ELECTRON-TUBE MATERIALS

The outer walls of an electron tube are
constructed either of thin glass or metal. The
larger the tube, the thicker the glass must
be because of the greater weight of the atmosphere
to be sustained on the walls of the tube.

Evacuation of air from a tube is required
for twO reasons to prevent destruction of the
cathode and heating element by oxidation or
burning, and to alley/ the flow of current from
cathode to plate without colliding with gas
particles.

The external leads 'from the tube are elec-
trically welded to the tube elements and brought
out at the bottom throllo a special glass-metal
fusion to make the envelope airtight. In metal
tubes a glass button is used at the- base to
afford electrical insulation. The materials
selected for the external leads have nearly the
same coefficient of expansion as that of glass.
Thus during heating and cooling periods, the
glass expands and contracts the same amount
as the metal and the vacuum seals are maintained.

The spacing of the electrodes in a tube
dependent on many factors but the two most._
important are frequency utilization and inter-'
electrode voltages.

The anode (plate) is made of materials that
will not emit electrons by thermionic means at
normal tube operating temperatures.

The plate is mounted externally with respect
to the cathode. It is electrically insulated from
the cathode and usually surrounds, it in order
to receive all of the cathode field of emission.
The plate usually has a dark surface to radiate
the heat caused by the plate current.

13-10
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TYPES OF EMISSION

Electrons flow within a conductor when a
potential difference is applied across the
terminals of the conductor. These. electrons
break away from the outer' shells of their parent
atoms and move with a rapid vibratory motion,
the velocity of which increases with temperature.
At ordinary temperatures the particles do not
leave the -surface of the conductor becao.ae their
velocity is not sufficient to overcome the
attractive forces within the conductor.

To escape from a metallic surface, electrons
must do work to overcome the forces of attrac-
tion which are always present. This amount of
work is called the work function of the material.
Increasing the heat intensity of a metallic emitter
increases the kinetic energy of the so-called free
electrons in the material.

THERMIONIC EMISSION

Thermionic emission is the process by which
electrons gain sufficient energy by means of
heat to escape from the surface of the emitter.
Thermionic emission is the type of emission
most frequently employed in electron tubes.

SECONDARY EMISSION

Emission of electrons from a body caused
by the impact of other electrons striking its
surface is called secondary emission. If a stream
of electrons flowing at a high velocity strikes
a material, the force may be great enough to
dislodge other electrons on the surface. Secondary
emission is not commonly used as a source of
electrons. However, it does occur spontaneously
in tubes and must be controlled. This problem
is discussed later in this chapter.

GAS-FILLED TUBES

In the manufacture of high-vacuum tubes,
as much of the air as possible is removed
from the envelope. In some cases low-vacuum
tubes are designed purposely to contain a specific
gas in place of airJ- usually neon, argon, or
mercury vapor.

The gas-filled tube normally has a higher
plate current rating than a high-vacuum tube of
the same physical dimensions. When ionization
occurs, the tube presents a lower impedance to

the external circuit. The schematic symbol for
a gas filled tube has a small dot within the circle,
this indicates that the tube is gas-filled.

a,
CONDUCTION IN GAS TUBES

In a gas-filled tube the electron stream from
the hot cathode encounters gas molecules on
its way to the plate. When an electron collides
with a gas molecule the energy transmitted
by the collision may cause the molecule to release
an qectron. This second electron may then
join the original stream of electrons and. thus
be capable of liberating other electrons through
collision with other gas molecules. This process
which is cumulative is a form of ionization.
The molecule that has lost an electron is called
an ion and bears a positive charge. The tube
in its loigized condition contains molecules, ions,
and free electrons within the envelope. The
positive gas ions are relatively large and in the
vicinity of the cathode they neutralize a portfon
of the space charge. Thus electrons flow from
cathode to plate with less, opposition than in a
high-vacuum tube.

The heavier positive ions are attracted toward
the negative cathode and while moving toward
it they attract additidnal electrons from the
space charge.

The energy needed to dislodge electrons from
their atomic orbits and to produce the ionization
is supplied by the source which supplies the
voltage between the plate and cathode. There
is a certain voltage value for a particular
gas-filled tube at which ionization begins. When
ionization occurs large currents flow at relatively
low voltage across the tube. The voltage at
which ionization commences is known as
ionization potential, striking potential, or firing
point.

After ionization has started, the action main-
tains itself at a voltage considerably lower
than thb firing point. However, a minimum
voltage is needed to maintain ionization. If the
voltage across the tube falls below this minimum
value, the gas deionizes and conduction stops.
The voltage at which current ceases to flow
is known as the deionizing potential or the
extinction potential. The tube may therefore be
used as an electronic switch that closes at a
certain voltage and permits current to flow
and then 'opens at some lower voltage and thus
blocks the flow of current. Such a tube has
almost infinite resistance before ionization and
very low resistance after ionization.

13.11
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GLASS ENVELOPE

LATES

FILAMENTS

BASE

4.140(20C)
Figure 13-14. Construction and Schematic

Symbols of Duo-diodes.

GAS DIODES

The neon-glow lamp or, neon bulb is a cold-
cathode gas-filled diode. The cathode may have
the same shape and size as the plate so that
the tube can conduct in either direction depending
only on the applied potential, or the structures
of the cathode and plate may be such as to
permit conduction in only one direction. Because
the cathode is not heated in this type of tube no
electrons are emitted to help in the ionization
process. Therefore the firing potential for a
neon-glow tube is higher than that for a tube in
which a hot cathode is used, and the neon-glow
tube is somewhat erratic in that the firing
potential varies during the operation, The passage
of current through the tube is indicated by a
glow. The color of the glow depends on the
gases that may be mixed with the neon, The
glow is on the negative electrode or cathode.

Vhen an alternating voltage is applied both
electrodes are alternately surrounded with a
glow discharge.

A neon-glow tube placed in an RF field of
sufficient strength to ionize the gas in the tube
will indicate the presence of such a field by
glowing. A glow tube may also be used as a
voltage regulator. Additional uses of glow tubes
are as a source of light, as a part of a relaxation
oscillator, as a rectifier, and to control circuit
continuity in noise limiters.

Hot - cathode, mercury -pool diodes are
specially designed to serve as rectifiers., Tubes
of this type can pass much higher currents
than high-vacuum tubes because the ionization
of the mercury vapor partially dispels the cathode
space charge.

In some cases, two or more diodes are
included in the same envelope to conserve space.
A tube which contains two plates and one or
two cathodes is called a duo-diode or twin
diode. Figure 13-14 illustrates the construction
and schematic symbols of duo-diode electron
tubes.

As a rule, electron tubes are not expected
to last as long as resistors, capacitors, or
other circuit components. This is due, in large
part, to wearing out or breaking down of the
filament or heater, To make it easy to remove
and replace a tube, the base of the tube (fig.
13-14) is' constructed in the form of a plug,
which fits into a socket on the chassis. The

4.141
Figure 13-15. Pin Numbering Systems for

Several Tut:* ipes.
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A. HALF WAVE

INPUT

OUT PUT

(LOAD)
R Li

AC
SUPPLY

'OUTPUT

R

(LOAD)

(.FULL WAVE

Figure 13-16. Electron Tube Rectifier Circuits.

electridal connections between the tube elements
and the, circuit are completed through the plug
terminals, called pins.

There are various types of tube bases,
containin different numbers and sizes of pins.
Each type of tube base has a guide or key to
prevent the tube from being plugged into the
socket improperly. To make circuit tracing
easy, the \tube pins are assigned numbers. At
the BOTTOM of the tube or socket, the pins
are numbered in a clockwise direction, as viewed
from the bottom, beginning with No. 1 at the
key or guide. The pin numbering systems for
several types of tubes are shown in figure 13-15.

Ratings

Each diode has certain voltage, current,
and. power ratings. By definition, a rating is
the' limiting value which must not be exceeded
to prevent permanent damage to a device, such
as the diode. The filament or heater voltage
and current values must be correct for proper
operation of an electron tube. If heater current
is too low, the cathode will not emit enough
electrons. Too much heater or filament current
may reduce the life of the tube or destroy
the heater or filathent.

ether important diode electron tube ratings
-- are:

Plate Dissipation the maximum average
power, in the form of heat, which the plate
may safely dissipate.

Maximum Avera Current the highest
average plate current w ich may be handled
continuously, based on the tube's permissible
plate dissipation.

(A)20.37 (B)20.40.1

Maximum Peak Plate Current the highest
instantineous plate current that a tube can
safely carry in the direction of normal current
flow.

Peak Inverse Voltage (PI V). the highest In-
stantaneous plate voltage' wnich the tube can
withstand acting in a direction opposite to that
in which the tube is designed to pass current
(plate negative cathode positive).

DIODE TUBES

The electron tube diode is commonly used
as a rectifier; that is, a device for converting
alternating current to direct current. See figure
13-16. An a-c voltage constantly reverses
polarity. Each time the voltage of the transformer
reverses, it reverses the polarity of the voltages
applied to the anode and cathode. The anode
attracts electrons from the cathode only during
the periods when it is positive.

Figure 13-16A shows a diode in a half-wave
rectifier circuit or a circuit that rectifies only
one-half of the a-c cycle. The transformer
steps down the voltage to provide filament voltage
for the diode and heater voltage. Alternating
current flows through the secondary winding;
the output of the circuit is pulsating direct
current. When the plate of the diode in this
circuit is positive, it attracts electrons from
the filament and current flows through the tube.
Electron!, travel from the plate through the
transformer and return to the filament by way
Of the loat.7. resistor. The filament then becomes
the pot..:tiwc terminal for the power supply,

13-13
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the transforMer lead becomes the negative
terminal. As the potential changes, the plate
becomes negative and no current flows through
the diode. Since current flows through the diode
during only half of the a-c cycle, a pulsating
d-c is produced. Nthice the input and output
signals in figure 13-16A. This current can
be smoothed out by means of a filter which
enables current to flow when the rectifier is
not operating.

For a more constant flow of current, both
halves of the 'a-c cycle are rectified. See figure
13-16B. In this case, you have a full-wave
rectifying circuit that has two diodes. The high-
voltage secondary of the transformer is tapped
in the center. One plate goes to one side of the
secondary; the other plate to the opposite side
of the secondary.

When the plate of diode Vi is positive,
it pulls electrons from the filament and current
flows through V1 to the plate and out through
the center tap of the transformer. As the
alternating current starts to flow in the other
direction, the plate of diode V1 becomes negative
and that of diode V2 becomes positive. Electrons
are now attracted to the plate of V2. Current
flows through V2 to the plate and out through
the center tap of the transformer. Electron
flow through the center tap is always in the
same direction. Both halves of the a-c cycle
are rectified and current flows all the time.

SOLID STATE DIODES

As you know conductors are substances
made up of atoms whose outer -orbit electrons
are loosely bound. At ordinary room temperature
enough heat energy is applied to the atoms to
permit large numbers of uiese electrohs to
be liberated (free electrons) and to drift aimlessly
about from one atom to another. If a voltage
is. applied to the end of a conductor, free
electrons will stream to the positive side as
other electrons enter from the negative end.
It is in this way that current flows through
a conductor. As carriers of electricity, the
electrons mop, a from the negative to the positive
side of the conductor.

In an insulator, on the other hand, the outer-
orbit electrons are tightly bound and there are
few free electrons. As a result, little current
will floW when a voltage is applied to the end of

. the insulator. If the voltage is high enough to

20.20
Figure 13-17. Arrangement of Germanium,

Atoms in Diode Lattice.

rupture the insulator, however, current will
flow which may be in the form of an arc.

There are solid substances, known as semi-
conductors, whose outer-orbit electrons are not
loosely bound, as in conductors, or tightly bound,
as in insulators. Tip examples are germanium
and silicon. If a Voltage is applied to a semi-
conductor, current will flow but not as readily,
as in a conductor.

Atomic Theory

The germanium atom is pictured as having
a nucleus of 32 protons and 32 orbiting electrons
arranged in four' concentric shells or orbits.
The three shells closest to the nucleus are
completely filled with 28 electrons, the outermost
shell containing the remaining 4 electrons. The
electrons of the outermost shell are called' he
valence electrons; they determine the chemical
and electrical properties of the atom.

Since the outermost electrons are loosely
bound to the nucleus at ordinary room tempera-
ture, many of them escape and wander as free
electrons. Where an electron escapes from
its atom, a "hole" is left in its place. The
loss of the electron and the appee.rrinoe jof the
hole converts the neutral atom into a positive
ion. Thus, the hole is said to have a positive
charge that is equal and opposite to the negative
charge of the free electron.

13.14
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When a hole appears in an atom, an electron
frOm a neighboring atom may move in. to fill.
this hole, leaving a hole in its place. Thus, a
hole moves from the first, atom to the second
atom just as a tree electron moves, except that
the hole carries. a positive charge instead of a
negative charge, A rise in temperatUre or the
presence of an electric field can force free
electrons to mOve toward a positive pole, As
free el,eotrons move toward the positive pole,
holes move toward the negative pole.

In a orystalQf pure germanium, the atoms
arrange themselves ina geometric pattern each
atom being relatively far from its neighbor.
Though the crystal is a three-dimension l
structure, figure 18-17 shows two .dimensions
only. The lines linking each germanium atom bb
(Ge) to omits neighbor represent a eovalent bond
consisting of one valence election from. each
atom, Each gerthanium atom is linked with
four other atoms, thus accounting for its four
yalence electrons, When an electron escapes
from one of the atoms, it leaves a hole,

The number of free electrons in a germanium
crystal can be increased by adding a small
amount of an impurity, such as arsenic, An atom
of arsenic has HI/valence electrons..It replaces
one of the germanium atoms in the crystal,
combining with its four neighbors and leaving
one of its electrons free, as shown in figure.
19-18(A). Such a germanium crystal is called
an N-(negative) type,

Similarly, the number of holes in a germanium
crystal can be increased by adding a small

COVALENT EXCESS
BONDS ELECTRON

DONOR IMPURITY ADDED

c
amount of an impurity, such as boron, A boron
atom has three valence electrons, When it
replaces one of the germanium atoms in the
crystal, the boron atom forms a covalent bond
With its germanium neighbors, and leaves a hole
for the missing electron as shown in figure
18-18B, Such a germanium crystal is called a
P-(positive) type,
The Semiconductor Diode

In figure 8-19A, a P-type semiconductor
joins an N- 9 semiconductor to form a P-N
junction diode type of semiconductor con-
tains a number of free electrons (indicated by -)
and an equal number of holes lindicated by +),
The N-type material, however, has more free
electrons introduced by the five-valance impurity;
the P-type material, on the other hand, has
more holes introduced by the , three-valanOe
impurity, With a battery connected as shown in
figure 18-1.9B (positive lead connected to the
T-type material and negativi lead to the N-type
material), all the free electrons tend to move
toward the positive lead and all the holes toward
the negative lead,

Thus most of the free electrons and holes
tend to move toward the junctiqn between the
two semiconductors, Because opposite charges. s,
attract, the electrons sand holes rush toward
each other and recombine as a free electron
enters a hole, The effect of the applied voltage
is to produce more fre electrons in the N-type
n 'aerial, and more hole in the P-type material,
Hence, there is a conti uous movement of elec-
trons and holes through the diode, thus creating

COVALENT
BONDS

HOLE

ACCEPTOR IMPURITY ADDED

Figure 13-18. A. Structure of N-Type Crystal. B. Structure of P-Type Crystal,
120,22
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Figure 13-20.-- The Junction Diode as a Rec-

tifier.

a relatively high current flow through the entire
circuit as indicated by the arrows. When applied
as shown in figure 13-198. the voltage is said to
be in the forward direction.

Now suppose the battery is reversed as
shown in figure 13-19C. Again the free electrons
now toward the positive lead and the holes flow
toward the negative lead. But sine there are
relatively few electrons and holes at the junctom
of the emits., the flow of current across the
junction is small and so is the current flow
in the circuit. When applied as shown in
figure 1$ -19C, the voltage is said to be in the
reverse, or nonconducting, direction.

U a source of alternating current is applied
to the diode connected in series with a load, the
voltage for one-had cycle will be in the forward
direction (figure 13-20A) and current will flow
through the circuit. During the next half-cycle
the voltage will be in the reverse direction
(figure 13 -3013) and no current will flow. This
is bow an N-P junction diode rectifies alternating
current just as the electron-tube diode does.

TRANSISTORS

In figure 13-21, a thin piece of P -'ype material
is sandwiched between two . N-type wemiconduc-
tore The emitter terminal is on the left-hand

13-16
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N-type semiconductor, the collector terminal
on the other N-type semiconductor, and the base
terminal on the P-type material. The junction
between the left-hand (N-type) and the (P-type)
semiconductors is the emitter-junction; the one
between the right-hand (N-type) and the (P-type)
semiconductor is the collector junction. The
entire sandwich with its terminals is a junction
transistor. The junction transistor consists of
a single unit with the three distinct regions
or layers being doped with controlled amounts
of impurities. The schematic symbol fortransis-
tor is also shown in figure 13-21.

Not the voltage from battery A is applied
in for r 'd dire.ltion, relative to the emitter
junctica. " i the impendance of this junction is
low. On rc other hand, the voltage of battery B
is applied in the reverse direction relative to
the collector junction. Therefore its impedance
is high. As a result, electrons will flow readily
from the emitter to the base, where some of
them will combine with the holes in the P-type
material. If the base material were made thin
enough, nearly all the electrons entering the
emitter will be attracted to the positive collector
terminal and flow through the external collector
circuit to battery p. That is, a flow of current
in the emitter circuit will produce almdet the
same flow of current in the collector circuit.
However, since the impedance (Z) of the emitter

EMITTER

EMITTER
JUNCTION

EMITTER

BASE

COLLECTOR

COLLECTOR
JUNCTION

COLLECTOR

BASE

77.340
Figure 13-21. Basic Junction Transistor Cir-

cuit.
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77.341
Figure 13-22. N-P-N Junction Transistor Used

as Amplifier.

circuit is low and that of the collector circuit
is high, the power (P X Z) is greater in the
collector circuit than in the emitter circuit. This
explains how the junction transistor acts as a
power amplifier-a device that increases the
input signal without changing its' characteristics
a great deal. To indicate the obtainable increase
in power, or gain (1c), the impedance of the
emitter circuit may be as low' as 26 ohms,
whereae the lmpeoance of me collector circuit
may be several megohms.

The basic amplifying circuit is shown in
figure 13-22. Assume that the indoming signal
is in the form of an alternating voltage. When
connected into the emitter circuit, the signal
source alternately adds to or subtracts from
the voltage of battery A. Hence, the current
flow through the low-impedance emitter circuit
is respectively larger or smaller. ccordingly,
a larger or smaller current flows through the
high-impedance collector circuit (which contains
the load in series). As explained 'previously,
a low power input to the emitter circuit produces
a large power output at the load in the collector
circuit. The transistor is called an F-P-N
junction transistor because of the arrangement
of the N- and P-type crystals.

It is possible to form a P-N4 junction
transistor by sandwiching an N-type semicon-
ductor between two 'P -type semiconductors. Since
the relative positions of the semiconductors are
reversed in the P-N-P transisior, the polarities
of the battery must be reversed; also, instead
of electrons, holes flow from the emitter to the
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77.342
Figure 13-23. Schematic Diagrams of Tran-

sistor Types.

negatively charged collector terminal. Figure
1t-23 shows the differences in the schematic
symbols for the N-P-N and P-N-P transistors.

Transistors can carry out many of the func-
tions of electron tubes. Transistors have certain
advantages in that they consume less power,
last longer, can take rough handling, and can
be built much smaller and more compactly.
Also, transistors have no filaments, so practically
no heat is produced. However, excessive external
or internal heat will increase the current flow
across the Junctions. and can result in breaking
down the transistor.

TRANSISTOR LEAD IDENTIFICATION

You must be able to identify the leads or
terminals of a transistor before' it is connected
into a circuit. AP there is no standard method

of identifying transistor leads or terminals,
it is quite possible to mistake one lead for
another.

In figure 13-24 the bases of four pairs of
transistors are shown. Each pair, while similar
in appearance, has different elements-coiineetici
to the leads. For the top transistor of the
left-hand pair, the leads are emitter, base,
collector, reading from left to right; for the
bottom transistor of this pair, the leads are
emitter, collector, and base. If one of these
transistors was connected into a circuit as a
replacement for the other, the circuit would
not function properly or the transistor might
be destroyed. The same general results apply
for the other pairs of transistors. Note that in
the right-hand pair, the cases can and are used
for emitter or collector connections.

In replacing one transistor with another, Flo
not rely on shape to determine proper connections.
Be sure the leads are where they should be
and that the transistor chosen as a replacement
is suitable. If there is any doubt, consult the
equipment manual or a transistor manual showing
the specifications' for the transistor being used.

CIRCUITRY

TliOac ts..Le iiaicc araoli.; Cef CCAsamuLius
a transistor in a circuit: common or grounded
base (fig. 13- 25), common or grounded emitter
(fig. 13-26), and common or grounded collector
(fig. 13-27). The connections differ in whether
the base, emitter, or collector is part of (common
to) the other two circuits. Regardless, of the
connection, the output signal is taken from
across the load.

MOUNTING HOLES

(CASE)

MOUNTING HOLES

a

C (CASE)

179.97
Figure 13-24.7- Bottom View of Some Common Transistor Cases.
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LOAD OUTPUT
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77.343
Figure 13-25. Common Base Amplifier Circuit.
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Figure
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13-26. Common Emilter Amplifier
Circuit.

INPUT
SIGNAL

LOAD
RESISTOR OUTPUT
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AT
77.345

Figure 1927. Common Collector Amplifier
Circuit.

Note that Sile symbols indicate% the use of
an N-P-N transistor in each rcuit. With a
P-N-P transistor, reverse the Tolarities of the
battery. Each basic circuit has its iwn measurable
properties, such as impedance or gain under
given operating conditions. hIch circuit is
to be used depends upon the design requirements
of a particular amplifier.

Table 13-2. Transistor Amplifier Comparison
Chart

AMPLIFIERER COMMON
BASE

COMMON
EMITTER

COMMON
COLLECTOR

INPUT /OUTPUT

'PHASE- - ISO 0°
RELATIONSHIP

0°

VOLTAGE GAIN HIGH MEOIUM LOW

DURRENT GAIN LOW(a) MEOIUM(D) HIGH ( y )

POWER GAIN LOW HIGH MEOIUM

INPUT IMPEDANCE LOW MEDIUM HIGH

OUTPUT IMPEDANCE HIGH, , MEOIUM LOW

179.94

Table 13-2 compare's characteristics of the
three basic circuits.

ELECTRON TUBE TRIODES

Another kind of electron tube, the triode,
is widely used as an amplifier of signals. As its
name suggests, the triode has three elements:
cathode, plate, and control grid. This grid is
usually a metal screen or coil vi
inserted between the plate and cathode, but closer
to the cathode. As long as the grid f s unol arged,
most of the electrons flowing from the cathode
to the plate are free to move through the openings
of the grid. Placing a negative charge on the
grid has a repelling effect on the stream of
electrons passing through the grid, and tends.
to reduce the number of electrons that do.
Increase the negative charge, and fewer electrons
pass

the

the grid. When the negative charge
on the grid is made large enough'electroris
do not pass between the cathode and plate
(fig. 13-28A).

However, a positive charge placed on the
grid attracts the electrons. Increase the positiVe
charge, and more electroris are attracted to
the grid. Some electrons strike the wire of the
grid, but most of them flow through to strike
the plate (fig. 13-28B) since the grid is mainly
open space. The grid then regulates the flow
of elec`rorts much as a Venetian blind controls
the amount of light that enters' a room. Depending
on the voltage Applied to the grid, more or less
plate current flows through it.

I3-t
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A

CATHODE CATHODE

77.346
Figure 13-28. Effect of the Grid in a Triode.

Of course, you can vary the plate current
flow by making the plate more or less positive.
But since the grid is closer to the cathode (the
source of electrons), smaller variatidn, in the
charge of the grid has the same effect on the
plate current as a larger variation on the charge
of the plate. Weak signals change the charge
and voltage on the grid, and so produce big
changes in the plate current. In this way, the
triode amplifies the weak signals.

The triode of figure 13-29 has three distinct
circuits; the FILAMENT circuit consisting of
the heater and A-battery or other source of
haating (Trv...nt; .PT cutp:t., vas
consisting of the cathode, the electron flow
from cathode' to plate within the tube, the plate,
the load, and the B-battery (commonly known
as B+); and the GRID, or input, circuit consisting
of the cathode, control grid, and the source of
input voltage.

To demonstrate the use of a triode as an
amplifier, assume that a small varying voltage

INPUT
VOLTAGE

A

is applied to the grid circuit. Since the charge
on the grid varies with the applied voltage,
the plate current flowing through the tube varies
accordingly, causing similar variations in the
cu
re .,.stance

flowant isingigth th,rough ihe
salting_

iltionagd.

voltage
the locircard

(I x .R) across tifelOad is also high and varies
directly with the input voltage. Therefore, a
small varying voltage applied to the input circuit
of the triode produces a large varying voltage
in the output circuit.

The triode can be compared to the transistor.
The cathode operates like the emitter, the plate
like the collector, and the grid like the base.

OSCILLATORS

An amplifier, such as the triode, can alsO
be used as an oscillatoran electronic device
that produces a constant signal of a certain
frequency. As an oscillator, the triode feeds
back to itself part of the signal it puts out.
The feedback produce's signals that oscillate,
or vibrate, at a certain frequency. The resistance,
inductance, and capacitance of the input circuit
enable the triode to amplify only the signals that
have the desired frequency. This is commonly
known as the resonant frequency.

Tu dZittvinatittic Utz use ui a iriocie as an
oscillator, connect the input circuit of the tube
as shown in figure 1.3-30. This places an e.-,c
voltage on the grid of the triode. The resulting

II

FEEDBACK
COIL

SCILL TING
CIRC T V1;

RL

Ebb

77.348
77.347 Figure 13-30.Oscillator, Triode and Feedback

Figure 13-29. Basic Triode Circuit. Circuit.
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plate current satisfies the needs of the load
with enough left over to feed back to the oscil-
lating circuit to compensate for its losses,
and to remain in oscillation. The plate current
feeds back through the socalled feedback coil
that is coupled (connected) to the inductor of

big circuit. In ffis way.. the feedback
coil serves as the primary winding of a trans-
former; the inductor of the oscillating circuit
as the secondary winding.

When proper values ye selected for the
inductor and the capacitor of an oscillating
circuit, frequencies in millions, even billions,
of hertz (cycles per second) can be generated.

Example. Assume that the value of an inductor
is 20 microhenrys and that of a capacitor-is
80 .picrofarads. Determine the frequency by.
!using the formula:

Frequency =

CONTROL
GRID

VI

1

2g LxC
where L = 2041, = 2 x 1r henrys and
C = 80pf = 8 x 10' farads

Frequency -

.4.-

1

21t NI 2x 10 x 8 x 10-11

2g 16 10-16 = 2g x 4 x

lfr 4,000,000 Hz
(approximately)

MULTIELEMENT ELECTRON TUBES

Several elements other than the cathode,
plate, and control grid are inserted in some
electron tubes for special purposes. Tubes having
more than these three elements are _known as .
multielement tubes. A tetrode, for example) is
a four-element tube. Its extra element'is another
grid called the screen grid. Another electron
tube, the pentode, has three gridsa control'
grid, a screen grid, and a suppressor grid.
AU multieleme4 tubes have special uses and
some require special tube sockets. All of-ithern,
however, work on the same basic principle as
the triode.

TETRODES

The tetrode is also an amplifying tube. Its
fourth element, the screen grid, Is mounted
between the control grid. and the plate. See

ECC

Cog
Ebb

Figure 13 -31.' Basic Tetrode Amplifier Cir-
cuit.

figure 13-31. The screen grid has a positive
charge With respect to the cathode; it attracts
a steady flow of electrons from the cathode.
Because the mesh of 'the screen grid is rela-
tively large, most 'of the attracted electrons pose
through it wild, in turn, are attracted by this
plate. Thus the screen grid supplies an electro-
static force that pulls electrons from the cathode
to the tante)

As long as the plite voltage is higher than
the effective screen gri:1-to-cathode voltage,
plate current id a. tetrode depi;nd mostly on
screen-grid voltage and little on plate voltage.
Thus a tetrode is better as an amplifier than
a triode. Also, the screen grid keriticf:ts capaci-
tance by serving as an electrostatic Fltield
between the control grid and fae plate. Rediking
grid-to-plate caps it tme resulis in high am-
plification and la,--ds the amplifier "from
oscillating.

Figure 13-31 illu'trates a basic- tetrode
amplifier, circuit. REg is the screen-dropping
resistor that maintains the screen-grid operatiini
voltage; fag is the scree n-try-pitss capacitor
that maintains the screen grid at a constant
voltage.

PENTODES
t

The pentode's fifth element, or suppressor
grid, is located between the screen grid and
the plate. The suppressor grid is connected

13-21
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77.350
Figure 13-32.Basic Pentode Amplifier Cir;-

cuit.

internally or externally to the cathode. Figure
1 3-32 shows the internal connection.

Electrons flowing from the cathode to the
"plate cause the plate to give off electrons by
eccbndary emission, which , means freeing of
...lectrons by bombarding them with other
electrons. Being negative with respect to the
plate, the suppressor grid keeps the secondary
emission electrons from leaving tho plate and
interfering with the operation of the tube. The
main electron stream is hardly affected by the
presence of the suppressor grid.

Since the suppressor grid is negative with
respect to the screen grid or plate, it does
not draw current. Therefore the relationships
of voltages and currents are essentially the
same as those in the tetrode.

The pentode has replaced the tetrode in
radio frequency (RF) amplifiers 'because it
permits a somewhat higher amplification in
moderate values of plate potential. In some
special-purpose pentodes, the suppressor grid
serves as a signal grid.

METHODS OF BIASING

In some amplifier circuits, d-c voltage in
grid circuit is supplied from a fixed source,

c. a as a. 'oattery or other power supply (fig.
13-33). This type of voltage is knoirn as fixed
bias. In another type, called self-bias, voltage
is do -sloped across a resistor by tube current
or input signal. Cathode bias and grid-leak
bias are forms of self-bias.

Esc
77.351

Figure 13-33. Schematic.of Fixed Bias.

CATHODE BIAS

This form of Self-bias is illustrated id
figure 13-34. When the cathode of an electron
tube is biased positively with respect to the
grid, the electron tube operates exactly as
though an equivalent negative bias is applied
to the grid. Since current flow within an electron
tube is from the cathode to the plate, a resistor
can be inserted in the cathode line to produce
a voltage drop (cathode bias) as long as the
plate current flows continuously. Since cathode
current always flows in the same direction,
the voltage drop remains more positive at the
unil:Ala. ;rump, alai; tie
e'ectron tube itself 'produces a positive cathode
bias.

'13-22

77.352
Figure 13-34.Obtaining Cathode .Bias.
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GRID-LEAK BIAS

Grid-leak bias is obtained by allowing grid
current flow, produced by an a-c signal input,
to charge a resistance-capacitance (RCInetwork
in the grid-cathode circuit. Two basic circuits
are used to develop this form of sblf-bias:
shunt and series (fig. 13-35). The methods
of developing grid voltage in these circuit- are
similar, but the physical connections of the
network components are different.

The grid-cathode circuit is used in both
basic circuits as a diode rectifier to develop
a d-c voltage proportional to the positive peak
input (driving) signal amplitude. A grid-leak

INPUT

R

g

A. - SHUNT TYPE

r
INPUT

e-bb

Rg

-1\AAr

VI

Rk Ck

-
RC coupling involves the use of two resistors ,

0 and a capic: tor, as shown in figure 13-36.
B . SERIES TYPE Because of their rather high frequency response,

small size, and economy of operation, RC-coupled
77,353 amplifiers are nearly alwayeased where voltage.

Figure 13-35. Grid-Leak Bias Con: actions. amplification is desired with little or no. power

77.354
Figure 13-36. RC-coupled Amplifier.

capacitor (Cg) operates as a coupling capacitor
to apply the input signal to the grid. On the
positive input signal excursions, the grie is
driven positive causing grid current to how
between grid and cathode and through a grid-leak
resistor (Rg). The result is to produce a d-c
voltage across Rg whit h is polarized negatively
at-the grid.

COUPLING METHODS

Usually more than one amplifier is needed
to increase the amplitude of a feeble input
signal to the required output value. The ampli-
fiers are cascaded, that is, connected in-series
so the output of one goes to the input of another.
Cascaded amplifier stages are connected (coupled)
by resistance-capacitance (RC) networks, imped-
ance (LCR) networks, transformers, or direct
coupling. Though some coupling networks respond
to frequency better than others, the basic method
of coupling is the same whether the amplifierE
are used singly (as input or output coupling
devices) or in cascade.

Ebb T RC COUPLING
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output. Since the plate resistor (RL) and grid
resistor (Rg) are not frequency responsive,
the overall frequency response is limited basi-
cally by the capacitive reactance of the coupling
capacitor (Cc) between the plate and grid circuits._
plus the effect of shunt and calbade-to-

' ground capacitances across the network. With
direct current (zero frequency) the coupling
capacitor separates or blocks the plate voltage
of the driving stage from the grid, bias of the
driven stage, so that bias or plate or element
voltages are. not effected between stages. Note
that, with respect to alternating current, the
tubes are in parallel with RL.

In the conventional RC amplifier, signal
voltage variations on the grid produce plate
current variations through the plate resistor, and
the resulting voltage developed 'across it
represents an amplified replica of the input
signal but 180 degrees out of phase. The amplified
signal is coupled throtigh capacitor, Cc and
applied to the grid of the next stage across
the grid resistor. The same cycle of operation
is repeated for each stage of the cascaded
amplifier. lit /

RC-coupled amplifiers generally have a low
gain, or ratio or signal output to signal input;
therefore, they are seldom used in RF amplifiers.
They have special applications, such as test
equipment.

IMPEDANCE COUPLING

When an inductor is substituted for the plate
load resistor in an RC-coupled suit, an
impedance-coupled circuit (fig. 13-37) results.
The impedance coupled and RC-coupled circuits
operate in the same manner as far as Cc and
Rg are concerned; the basic difference lies in
the effect of plate impedance. By using an
impedance in the pla circuit, there is a smaller
voltage drop for a giv n voltage supply. Therefore,
a lower supply sou ce will provide the same
effective plate. volts , smaller loss in power
(12 R), and better over 1 efficiency. Low frequency
response depends on obtaining a high inductive
reactance in the pl circuit and requires a
large number of tur for good low-frequency
response. The distributed capacitance associated
with a winding of many turns produces a largo

capacitive reactance with a consequent
drop in high_!requency response. Since the imped-
anceance of thr, plate circuit varies with frequency,
the response, is not as uniform as that of the
RC coupling.

Figure 13-37. Impedance
'77.355

Coupled Amplifier.

The impedance-coupling circuit is used where
a limited response over a relatively narrow
band of frequencies is required. As a result,
impedance coupling is usually found in amplifier
stages, such as intermediate-frequency or radio-
frequency stages. Its use in audio .frequency
stages has generally been discontinued in favor
of the RC or transformer coupling, except for
special designs.

TRANSFORMER COUPLING

In transformer coupling (fig. 13-38) the
primary of a transformer. is connected as the
plate load, and the secondary provides the (Y.:Tut
signal, either to the next stage or an output
device. Frequency response, gain, and output
become more diffictilt to predict because they
depend primarily on the transformer design.
Basically, transformer coupling provides addi-
tional gain, through the use of a step-up turns
ratio of primary to secondary, but this gain
usqally does not c.xceed 2 or 3 to 1. Since
there is no physical d-c connection between
stages, plate and bias voltages are kept separate,
and the a-c signal is coupled from the plate
of one stage to the grid of the folloviing stage
by mutual inductive coupling between primary
and secondary windings.

Transformer coupling is generally used for
interstage applications with electron tubes having

13-24
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es INPUT SIGNAL
PRIMARY SIGNAL VOLTAGE.

ei -- INPUT VOLTAGE TO SECOND TUBE.

20.97
Figure 13-38. Transformer Coupled Voltage

Amplifier.

plate resistances of 5 to 10 thousand ohms
maximum, since higher plate resistances require
excessively large transformer primary induct-
ances. For output stages, lower plate resistances
are used, and the transformer is carefully
designed to handle larger plate currents.
Generally speaking, a lower plate current
produces fewer d-c core satur....cion effects.

Since the impedance transformation in a
transformer varies as the square of the turns

ratio between primary and secondary, output
and input matching is possible and is a common
practice. For interstage applications, matching
is not always used, because _power output is
not required; in these cases, more attention
is given to the step-up ratio to provide a higher
voltage gain.

The limitations of frequency response gen-
erally restrict the use of transformer coupling
to audio circuits which do not require an ex-
ceptionally wide bandpass or frequency response,
but do require voltage or power outputs.

DIRECT COUPLING

In a direct-coupled amplifier (fig. 13-5., ),
the plate of the driver stage is connected to
the grid of the driven stage, and the coupling
network is eliminated. Since the plate and bias
circuits are not isolated by a transformer or
coupling capacitor the direct-coupling circuitry.
is slightly complicated by the arrangement
necessary to produce an effective negative bias.

Because a coupling network is not inserted
between the output of one tube and the input of
the following tube, there is no phase distortion,
time delay, or loss of frequency response.
Since the plate and grid-of the tubes are directly
connected, the low-freqiiency response is ex-
tended to direct current (zero frequency). The
high-frequency response is limited only by the
tube intereiectrocte-to-grouna capacitance, phis

R 0
Rkl Rk2

--Ebb -e-Ebb

(ARROWS INDICATE ELECTRON FLOW)

Figure 13-39. Direct Coupled Amplifier.1
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A

C

179.45
Figure 13-40.Base Lead Current Flowing into,

or out of, the Base Material in NPN and PNP
transistors.

the circuit distributed wiring capacitance. By
appropriate matching (or mismatching) of tubes,
high values* of amplification and power output
may bb obtained. .

Since the use of more than two stages requires
plate voltages two- or more time's the normal
value for one tube, plate supply considerations
limit direct coupling to a few stages. Any change
in the supply voltage affects the bias of all
this tubes and is cumulitive; therefore, special
voltage supply regulation circuits are necessary.
Noise and thermal effects in tubes produce
circuit instability and drift that MIR the use of
this type of coupling in audio or RF amplifiers.

Because of its ability to amplify direct current
(zero frequency), direct-coupled circuitry is
often used in computer circuits, and in the output
circuits of video amplifiers. It is' also used
in pulse circuits because response is practically
instantaneous.

c4

BASE LEAD CURRENT

The amount of transistor current depends
on several variables, such as type of bias,
(fixed bias, self-bias), Magnitude of the input
signal, basic transistor connection, type of
transistor, and direction of current flow in the ,

base lead. For example, if the base lead current
is flowing tnto the base material in the PNP
(fig. 13-40A), . or out of the base material into
the base lead in an NPN (fig. 13-40B), more
current is flowing in the emitter. If the reverse
is true (fig. 13-40C and D), then more current
is flowing in the collector.

The transistor amplifiersr,described earlier
were biased in forward and reverse directions

A

cF

I

B
I 4.

B I P

E' N I

+

-VEE

C

4

-VEE
179.104°

Figur'e 13-41. Schematic 'Diagram of an NPN
Transistor Broken Down to ,Equivalant Elec-
trical Representation and Resistance Equiv-
alent.

13-26
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through the use of two batteries. The purpose
for using two batteries was to simplify the
explanation of transistor operation. In actual

__practice two batteries are seldom used. Single
source biasing will point out the necessity for
knowing in which direction base lead current
is normally flowing.

SINGLE SOURCE BIASING

Single source biasing has the advantage of
using the existing power supply to satisfy the
needs for transistor biasing. This not only
eliminates the need for a separate power supply,
but also simplifies circuit wiring._ The main
reason for simplification is that both the collector
and the base require voltages, which .possess
the same polarity with respect to the emitter,
for biasing purposes.

A transistor with its three doped elements may
be simplified to three resistances in series with
each other. Figure 13-41A shows the schematic
diagram of an NPN transistor. Its three elements
can be broken down into their equivalent electrical
representation (fig. 13-41B). Now, by application
of a negative source to the emitter material,
that point is made the most negative in the
branch, while the collector material is the
least negative. In figure 13-41C, point 3 is
less negative than point A, or positive in respect
to point A. In effect, the base is made positive
in respect to the emitter, and the requirements
iur rurvvaL Lltlb 111 till NPN tianGlatzr mct.

The base material, being situated between the
.collector and the emitter, will always find itself
electrically at some potential between the
collector and the emitter. Also, , the base is
represented in figure 13-41C as a variable
resistance to show that an increase in forward
bias .should decrease this resistance. When the
arm moves from point B to point D, the total
resistance in the circuit is effectively decreased,
flow from point D is at the same potential
as point B with 'respect to point. A, giving
more forward bias; and more current is allowed
to flow' from the collector to the emitter. When
the arm is moved back to point B, the total
resistance is 'increased, decreasing the current
flow in the circuit; now point B is less positive
than point D with respect to point ,A, resulting
in less forward blab.

Figure 13-42 illustra'es the PNP, again three
equivalent ',:esi.:Itances are used 'and this time

A

C

c p
1+

B

P I

+V
EE

E I

+VEE

1

E

D

B

179.105
Figure 13-42. Schernatic Diagram of kiNP

Transistor Broken down to Equivalent
Electrical. Representation and Resistance
Equivalent.

a positive source is applied to the emitter
source terminal. It may be noted that point A
is the most positive point in the network and that
point B is less positive than point A, while point
D is less positive than (negative with respect to)
point .13. In this PNP, the bias is negative with
respect to the emitter, which satisfies the
:forward bias requirement for this type of
transistor. Once more, the base is shown as a
variable resistance to illustrate that forward
bias earibe ialVa0tawd or d3creased. F,

The addition_ of a single resistor from the,
.base to the emitter source terminal simply
shunts the base-emitter junction, further de-

. Creasing.its resistance, permitting more forward
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4vEE
.+vE -vEE

Figure 13-43. Establishing Transistor Polarities.

bias to be applied. Should `the base current
flow increase and, consequently, the transistor
Current flow, with signal input, you should check
the value of RR an open base resistor would
allow a greater difference of potential to be
felt between the base and the emitter and therefore
more current through the transistor. The base-
emitter resistor reduces the resistance of the
base-emitter junction,- redncing the amotmt of
forward bias with no signal applied. A direct
short . circuit from the base to the emitter
would of course cause all signal f

th
o be lost and

an excessive amount Of curieRt flow through the
deVice. By considering the transistor as being
three resistances in series, you can always
establish the polarity of any given material
in respect, to an adjacent, material, regardless

179.106

of the polar; .y of the source, as shown 111
figure 13-43.

The NPN transistor may have its collector
connected to a positive source as shown in'
figure 13-44A. In this case, point E of figure.
13-44C is positive in respect to paint D, point D
is positive in respect to point C, and point C
is positive with respect to point B. The base
18 positive with respect to .the emitter, and, .
therefore, it is forward biased. In figure 13-44B
a PNP transistor has a negative source on its
collector, making point E (fig. 1.3-44C) negative
with respect to point D, point D negative with
respect to point C, and point. C negative with
resPect to point B. The base is thus negative
with respect to the emitter and in a PNP this

C -1-

ire 13-44.NPN, 1)NP Transistor Circuit.
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1U 4
Efi

Figure,13-45. Electron Tube Test Set.
AT105,

Is forward bias. In both cisee RB its shunting but also the ability of its grid voltage to control
the base to emitter junction. plate current. The TV-7/U tube tester (fig.13-45)

is a typical, general-purpose transconductance-
type of t : With the front-panel controls

TESTING ELECTRON TUBES of this to r, you adjust (or switch) the various
potential necessary for testing tubes. The tube

There are two types of equiprinnit in general data chant (booktype) that is supplied with the
us. fi,r !acting electron tubes: Qiniactinn .4,4,..,(fAnti4r, BAR the onntrni settings for thA moat
transcOnductance testers. The emission tester common types id tubes.
indicates the ability of a tube to emit electrons Before inserting a tube in the correct test
from its cathode. Transconductance testers not socket, make certain that the front-panel controls
only indicate this ability of an electron tube are set to the positivas listed in the d ta chart

13-29
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for that tube. This precaution is necessary to
prevent excessive voltage from being applied
to the tube elements (especially the filament).

LINE VOLTAGE ADJUSTMENT AND TEST

The line voltage adjustment is necessary so
that the line voltage applied to the primary
of the transformer can be preset to an operating
value. A 93-volt potential is used as a test
reference point, regardless of the variations
caused by different tube loads or fluctuations
hi the a-c supply. Applied voltages may range
from 105 to 130 volts and still be adjustable.
Depressing the LINE TEST button connects the
meter of the tube tester to read the "B" supply
voltage. The test. equipment is calibrated at
the factory so that the meter pointer is approxi-
mately centered when the voltage across the
primary is 93 volts. Since various types of
electron tubes draw different values of currents,
a LINE ADJUSTMENT rheostat (connected in
series with the priMary) is provided. The primary
voltage can thus be set to the designed operating
voltage before any test is begun. A small pro-
.tective lamp which will burn out on overload
is connected in series with the primary of the
transformer to prevent equipment damage.

SHORT CIRCUIT AND NOISE TEST

It is very important that the technician apply
the test for short-circuited elements to a tube
of doubtful qUality before any other tests are
made. This procedure protects the meter (or
any other indicator) from damage. Also it follows
logically that, if a tube under test has elements
which are short-circuited, there is no further

need to apply additional tests to that tube.
Short-circuit tests are usually sensitive enough
to indicate leakage resistance less than about
one-fourth megohm. The proper heater voltage
is applied so that any tube elements which might
short as a result of the heating process will be
detected. The short-circuit test is similar to
the test used to detect noisy (microphopic)
tubes caused by loose elements. Since the only
difference between the two tests is in the
sensitivity of the device used as an indicator,
the noise test is discussed as part of the
short-circuit test.

Figure 13-46 shows a basic circuit used
for detecting shorted elements within a. tube.
With the switch set to position 2 as shomn, the
plate of the tube under test is connected to the
leg of the transformer secondary containing
the neon lamp. All the other elements are
connected through switches to the other leg
of the secondary. If the plate element of the
tube is touching any other element within the
tube, the a-c circuit of the secondary is completed
and as a result, both plates of the neon lamp
glow. If no short exists, only one plate of the
neon lamp will glow. Each of the other elements
is tested by moans of the switching arrangement
shown. Resistor R2 limits the current through
the neon lamp to a safe value. Resistor R1
bypasses any small alternating currents in the
circuit which might be caused by stray oapaci
tance and thus prevents the neon lamp from
indicating erroneously. Tapping the tube lightly
is recommended to detect loose elements which
might touch when the tubs is vibrated.

The circuit used to test for shorts is Ilmilar
to the basic circuit of figure 13-46 by means
of the function switch the electrodes of the tube
under test are switched in turn across a mon

Figure 13-46. Basic Circuit Used for Short Circui
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SHORTS lamp, which is convected in series with
the secondary of the transformer. Shorted tube
elements (and any other internal tube connections)
complete the a-c circuit, causing both plates
of the neon lamp to glow. Momentary flashes
of the neon SHORTS lamp may be caused when
the switch is rotated. These flashes are caused
by the charging of the small interelectrode
capacitances of the tube when the voltage is
applied, and do not indicate short circuits. If
the tube under test has a shorted element, the
neon lamp will glow continually on one or more
switch positions. Since the filament circuit and
other internal tube connections will show up as
short circuits in this test, the tube data chart
should be consulted for pin connection information
before interpreting the results of the test.

The noise test is used to check for intermittent
'shorts or microphonic noise. The circuit used
is the same as that employed for the short-circuit
test. In tests for noise, the antenna and ground
terminals of a radio receiver are connected to
the NOISE TEST receptacles. Any intermittent
short between tube electrodes permits the a -c
voltage from the power transformer to be applied
momentarily to the neon lamp.

The brief oscillation of this lamp contains
various radiofrequencies which are reproduced
as audible signals in the receiver speaker.
A less sensitive noise test can be made using
a pair of headphones instead of the radio receiver.
The tube should be tapped while it is being
tested.

GAS TEST

In all electron tubes, except some types of
rectifier tubes and ' thyratrons, the presence
of any appreciable amount of gas is extremely
undesirable. When gas is present, the electrons
emitted by the cathode collide with the molecules
of gas. As a result of these collisions, electrons
(secondarily emitted) are dislodged from the
gas molecules, and positive gas ions Pare formed.
These ions are attracted by (and cluster around)
the control grid of the tube, absorbing electrons
from the grid circuit in order to revert to the
more stable gas molecules (not ionized). If the
amount of gas in the tube is appreciable, the
collisions between the numerous gas molecules
and the cathode-emitted electrons release many
secondarily emitted electrons, and the resulting
flow of grid current is high.

TUBE
UNDER

TEST

FIXED
BIAS

PLATE
VOLTAGE

AT1.07
Fig- re 13-47. Basic Circuit Used for GasFigure

Test.

The basic circuit used for the gas test is
z)ewn in figure 13.47. With switch S set to
osition 1, a certain value of plate current is

measured by the d-o milliammeter. If there
is no gas (or a negligible amount) present
in the tube, setting switch S to position 2 does
not change the plate-current reading. If gas
is present, current flows through the grid resistor
(large value), causing a voltage drop to develop
with the polarity as shown. The net effect is
to reduce the negative bias voltage on the grid
of the tube resulting in an increase of plate
current. Small plate current increases are
normal; large increases indicate excessive gas.

The value of the grid resistor used in the
typical tube tester is 180,000 ohms, Two push-
button switches, labeled GAS No. 1 and GAS
No. 2, are used for gas test. GAS No. 1 button
is first depressed and the plate current reading
on the meter is noted. Depressing the button
marked GAS No. 2 inserts the 180,000-ohm
resistor into the grid circuit. If gas is present
in the tube, the grid current that flows reduces
the normal bias on the tube and increases the
plate current measured by the meter. A tube
with a negligible amount of gas produces in
increase in plate- current of less than one scale
division when GAS No. 2 button is depre ,ed.
An increase of more than one scale dl 'on
indicates an excessive amount of gas in the e.

CATHODE LEAKAGE TEST

When a tube .which used an indirectly heated
cathode develops noise, it is almost a certain
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TUBE
UNDER
TEST

PLATE
SUPPLY

AT108
Figure 13 -48. Basic Circuit Used for Cathode

Leakage Test.

indication that a leakage path is present between
the cathode sleeve and the heater wire. This
assumption is justified because in the design
of a tube the heater must be placed as 'close as
possible to the cathode so that maximum tube
efficiency is attained. Continual heating and
codling of the tube structure mardause small
amounts of the insulation between the cathode
and heater to become brittle or deteriorate,
leaving a high resistance leakage path between
these elements. Under extreme conditions the
insulation may shift enough to allow actual
contact of the elements. Since the heater and
cathode are seldom at the same potential, any
form of leakage causes noise to develop in the
tube.

The cathode normally is maintained at a
higher positive potential, because cathode bias
ip the most common type of bias utilized. The
heater circuit is usually grounded to chassis,
either on one side of the filament supply or by
a, center-tap arrangement. Therefore, if a
resistance paLh is present, a leakage current
may flow from the heater to the cathpde. Thus,
in effect U e cathode functions in the same
manner as the plate of a tube; that is, it receives
electrons. Assuming the existence of a high-

-resistance. short, the current flow from the
heater to the cathode will vary with any vibration
of the tube because vibration varies the amount
of resistance. If the cathode and heater are
completely shorted (zero ohms), it is impossible
for the tube to develop any cathode bias.

A cathode leakage test is sometimes made
while a. tube is being tested for short-circuited
elements or noise. However, some tube-testing
instruments incorporate the cathode leakage test

as an additional test which is not part of the
short-circuit test. Figure 13-48 shows a basic
circuit which is used to detect leakage between
the heater and cathode elements of a tubs. With
switch S set to Ptleitibn 2, a certain value of
plate current flows.

When switch S is set to position 1, the cathode
becomes a floating element; if no leakage path
is present, the plate current shoal:' fall to
zero. If the elements are completely shorted,
the plate current reading remains the same
as the initial reading (switch S in position 2);
if they are only partially shorted, a plate current
less than normal but greater than zero
is indicated.

(LAMENT ACTIVITY TEST

The filament activity test is used to determine
the approximate remaining life of an electron
tube insofar as the longevity of the cathode
emitter is concerned. The test is based on the
principle that the cathode in almost all electron
tithes is so constructed thab a decrease of 10
percent of the rated heater voltage causes no
appreciable decrease in emission.

On a tube-testing equipment incorporating
this test there is a two-position switch
(FILAMENT ACTIVITY .TEST) which has one
position marked NORMAL and the other-marloed
TEST. The . switch remains in -the NORMAL
position for all tests other than .the filament
activity test. When the switch is set to the
TEST position, the filament (or heater) voltage
which is applied to the tube under test is reduced
by 10 percent.

PUSH BUTTON
SWITCH

LINE

iT109
Figure 13-49. Basic Circuit Used for Emis-

sion Test.
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The filament activity test is performed as
follows: After the quality test is made, the
TUBE TEST buttgn is held depressed, and the
filament activity test switch is set to TEST
position. If the indicator shows a decreased
reading after a reasonable time is allowed for
the cathode to cool, the useful life of the tube
is nearing its end.

RECTIFIER TEST

The circuit used for testing-full-wave recti-
fiers, diodes, and OZ4 (cold cathode-rectifier)
tubes is an emission test circuit which is similar
to the basic circuit of figure 13-49.

An a-c voltage of definite-value is applied
to the tube under test, and the meter indicates
the rectified plate current. The two sections of
a full-wave rectifier are tested separately.'

The button for testing OZ4 tubes provides
a higher re-c voltage than is normally used for
heater (or filament) type rectifiers. The button
for diode tubes provides a lower voltage than that
used for regular rectifiers, and also inserts
a protective series resistance.

QUALITY TEST

For the quality test, the d-c grid bias for
the `ube under test is supplied by a rectiar
`tube. The correct value of this grid bias is
obtained when . the bias control is rotated to
the setting listed in the test data chart, for
the tube being tested. An a-c voltage (4.7 volts
rms), which is taken from a separate winding
on the power transformer, is applied in series
with the grid bias. This voltage causes the grid
to deviate in positive and negative -directions
from the d-c bias level, thereby effecting the
grid-voltage change required for a dynamic
transconductance test. The plate voltage of the
tube under test is supplied by a rectifier tube.
The meter which indicates the plate current
change is in the return circuit of the rectifier
supply. The meter indicates the tube condition
in arbitrary numerical units from 0 to 12' .
The tube test data book, mounted inside the1cover
of the equipment, lists the minimum numerical
value of meter reading for satiLfactory perform-
ance. Tubes reading below 'this value are not
considered suttable for use in military equipment.
The shunt control is used to control the sensitivity
of the meter. Setting of the dial is required

only when the function switch is in the RANGE'
(A) SHUNT position. The setting for this switch
is determined by the type of tube being tested
and is listed in the tube data chart.

TESTING

Transistors should be checked with the Tran-
sistor Test Set TS- 1100/U, figure 13-50. If a
test set is not available, it is possible to test
transistors with a multimeter or a vacuum
tube voltmeter (VTVM).

The TS-1100/U is designed to measure the
current gain (Beta) and collector leakage current
(ICO) of a transistor. It will also detect short ,

circuits.
Beta is defined as the ratio of change in

collector current .to a change in .base _current,
collector voltage being constant. Ico is a measure
of leakage current between the base and collector,
when the base-collector junction is reverse
biased and the emitter-base . junction is open
circuited.

With a transistor tester, beta may be measured
with the transistor in or out of its circuit.
You must remove the transistor from its circuit
to test for shorts and to measure ICO.

SEMICONDUCTOR TESTING

When using a multimeter to test semiconduc-
tors; to avoid loading the circuit, the multimeter
must have a sensitivity of at least 20,000 ohms
per volt on all voltage ranges; the ohmmeter
circuits must not pass a current eiceeding 1
milliampere. The VTVM should have an input
resistance of 11 megohms or more, and must
have an isolation transformer between the meter
and the powerline.

Threb tests can be accomplished on the
transistor by using the multimeter. However,
the transistor must he removed from the circuit
for testing.

Determine the type of transistor, whether
PNP or NPN. The same resistance test can be
performed on the transistor as on the diode.
The transistor has two junctions, the emitter-base
and the collector-base. Because each junction
can be treated as a diode, the same readings
hold true.
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1,114.1i

Figure 13- 50. Transistor Test Set TS-1100/U.

Before testing a diode, its polarity must be
determined. The diode' usually is marked with
a plus (+) or minus (-) sign. Connect the test
leads to the dioda in a forward bias condition,
that is, the positive lead to the positive side
of the diode and the negative .lead to the negative
side. Current will now flow easily, and if a
reading of 1000 ohms or less is obtained, this
part of the test is good. If a higher reading is
obtained, the diodik.is open.

Connect the test leads to the diode in a
reverse bias conditionthe positive lead to
the negative side of the diode and the negative
lead to the positive side. Current will not flow
readily, and a reading in excess of 10,000 ohms
should be obtiined. If a reading under 10,000 ohms
is obtained, the diode is shorted.

As a general rule, the front-to-back ratio
should be at least 10 to 1.

When testing power transistors, the same
ratio (10 to 1) holds true, except that the reverse
resistance must be in excess of only 1000 ohms.

Since damage to transistors could occur when
using voltages above ,approximately 6 volts,
care must be taken to avoid using resistance

72.37

scales where the internal voltangThhe ohmmeter
is greater than 6 volts. Thisliagher potential
is usually found on the higher resistance scales.
Excess current might also cause damage to
the transistor under test. Since the internal
current limiting resistance generally increases
as the resistance range is increased, the low
range of the resistance scale should also be
avoided. Basically, if we stay away from the
highest resistance range (possible excessive
voltage) and the lowest resistance range (possible
excessive current), the ohmmeter should present
no problems in transistor testing. Generally
speaking, the RX10 and RX100 scales may be
cipsidered safe.

The polarity of the battery, as well as the
voltage value, must be 'known when, using the
ohmmeter for transistor testing.° Although, in
most cases, the ground or common lead (black)
is negative and the hot lead (red) is positive,
this battery set-up is not always the case.

It is possible to reverse the polarity of
the ohmmeter leads by changing the function
switch position. This means that the black or
common lead is now the positive battery and the

13-34
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red lead is the negativepattery. Caution: Although
the jacks of the .meter may show a negative
sign under the common and a positive sign
under the other jack, these do not indicate, the
internal polarity of th9 battery to the jack.

BEFORE making any resistance measure-
ments, make sure that all power to the circuit
under test has been disconnected and that all
capacitors have been discharged:

Do not use an ohmmeter which passes
more than one milliampere. through the circuit
under test.

Ensure that all test equipment is isolated
from the power line either by the equipment's
own power supply transformer or by an external
isolation transformer. ..

Always connect a ground lead between
COMMON for the circuit under test andCOMMON
on the test equipment..

Do not short circuit any portion of a
transistor circuit. Short circuiting, individual
components or groups of components may allow
excessive current to flow, thus damaging
components.

Do not remove or replace any transistors
iii an energized circuit.

TUNED
AMPLIFIER

SW

READOUT
METER

REFERENCE
OSCILLATOR

RB - BASE RESISTANCE
Re - COLLECTOR RESISTANCE

- TRANSISTOR UNDER TEST
SW - TAANSISTOR SELECT SWITCH

VARIABLE
BIAS

SUPPLY

124.223
Figure 13- 51. Measuring Beta, Using Tran-

sistor Test Set TS-1100/U.

"HPN

6V

71.99
Figure 13-52. Transistor Leakage Current

. Test.

0.
Ico TEST

High collector leakage current (I D:1 is caused
by old tie and excessive temperatures. Ico is
greatly dependent on ambient temperatu'e, thus
care must be taken to see that temperature is.
controlled when measuring Ico.

One sign of a defective transistor is instability
of 'co. Whenever 'CO increases slowly while
being measured,. it is quite evident that the
transistor is defective. Excessive leakage current
indicates transistor deterioration and usually
is accompanied by lower than normal beta.
Commtin causes of excessive ICo include age,
high ambient temperature, and contaminates that
form on the emitter-base junction or collector-
base junction.

Figure 13-51 shows the test circuit for
measuring 'CO. The transistor must be out of
the circuit for this test. If ICo were measured
with the transistor in the circuit, the indicated
Ico would be higher than the actual ICo due
to shunt current paths in tho circuit.

To perform the leakage current, test, the
manufacturer's specifications should be consulted
to ascertain the allowable limits. Determine
the type of- transistor and set up one of the
tests shown in figure 13-52, using a 6-volt
battery and milliammeter.

If the leakage current is twice as much
as the specification sheet calls for, replace.
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the transistor. If no specifications are available,
use the following rule of thumb;

1. Silicon transistor less than 1 microamp.
2. Small germanium transistorless than

10 microamps.
, 3. Medium germanium transistor less than

100 microamps.

4. Power transistorsless than 1 milliam-
pere.

The beta test can be accomplished by inserting
a 10,000-ohm resistor between the collector-base
junction and connithing the meter to the emitter
and collector as shown in figure 13-53.

Once the resistance is obtained on the meter,
use the following formula to figure, the gain:
B = 1208 R. The letter B represents gain,
1200 is a constant, and R is the resistance
read on the meter.

Check the manufacturer's specification for
the gain of each transistor. If the specifications
are not available, use the following rule of thumb:

1. Silicon transistors-5 times or more.
2. High - frequency transistors-10

.
times or

more.

3. All other transistors-15 times or more.

Whenever a particular transistor is suspected
to be faulty, it may be, tested in the circuit if
there are no low resistance shunts (such as coils,
forward biased diodes, low value resistors,
etc.) across any of its leads. A low resistance
shunt across any two of the transistor leads
can easily cause erroneous indications on the
transistor test set.

Erroneous indications can be eliminated by
removing the suspected transistor from the
circuit. Some manufacturczs have simplified
the removal and replacement of transistors by
using transistor sockets. Whenever a circuit
board without transistor sockets is encountered,
transistors will have to be-carefully unsoldered
in order to test them out of circuits.

MEASUREMENTS IN TRANSISTOR
CIRCUITS

The many types of transistor base connection
arrangements require that the leads be properly
identified to secure correct hookup to the tester.

10K r

PNP

fVVW4
10K

.r/

NPN

VOM

-4111 [VOA

71.100
Figure 18-53. Transistor Gain Test.

The TS-1100U test socket arrangement is com-
patible with some transistor types, but not all
types. if the leads are long enough, it is generally
possible to effect proper hookup by bending
them. If the leads are too" Short, it will be
necessary to use the test cable and alligator
clips provided with the tester. In all cases,
however, the transistor leads should be identified
and then matched up with the tester connections.

The advantage of the TS-1100/U lies not
only in its accuracy and simplicity, but also
in its use of a-c as the testing current. This
eliminates -interference from direct currents
and voltages that may be present and permits
measurement of the gain of a transistor
in-circuit, thus maki.ng it unnecessary to unsolder
or disconnect the transistor for this test. This is
particularly advantageous where the transistor
is mounted on a module printed. wiring board.

The test set has the following additional
features: a switch marked PNP-NPN, which
selects 'the proper bias polarity for the type
of transistor under test; a temperature alarm
indicator lamp, which will light when the ambient
temperature surrounding the equipment exceeds
50°C; and a switch marked TEST, which checks
the test set battery output.

The tent set is also equipped to indicate a
short between any two of the three elements
of the transistor under test. With the transistor
in-circuit, it will also indicate a short if the
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circuitry between any two of the transistor
elements has a resistance of 500 ohms or less.
To determine whether the short is in the
transistor itself or in the associated circuit,
it is necessary to remove the transistor from
the circuit.

A table in the instruction manual for the
test set gives a numerical listing of the transistors

a

that can be tested. The technical manual for the
test set provides information concerning _the
collector bias to be 'applied for a. particular
transistor and the maximum permissible col-
lector leakage current. When the instrument
is adjusted according to the instruction book,
the value of beta will be indicated directly
on the meter.

13-37. 39/
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CHAPTER 14

'LOGIC SYSTEMS

The technological advances made in data
processing systems in the recent past are
astonishing. The reasons for these advances are
two-fold. With each system development there
'arises new applications of the system, and with
each new system application, an insight to
further developments is realized. An offshoot
from these advances has been the development
of equipment-operating logic systems.

One major contributing factor to these
advances has been the transistor. Transistors are
small in size, have low power consumption, have

%a long life and allow extremely flexible circuit
design. They may be connected in series, in
parallel, or in series-parallel to provide- logic
functions.

The technician, when studying data systems,*
usually studies number systems and Boolean
Alg.;bra.- Number systems are the languages of
computers. Computer problems are coded in
numbers (usually binary or octal). Boolean
Algebra is the language of the designer and
progranung. However, a knowledge of these
two subjects is not necessary for understanding
the logic circuits that the electrician's mate will
encounter. For the EM who wishes additional
information in this field, the Navy Electricity
and Electronics Training Series, Module 13
(NAVEDTRA 172-13-00-79), is a good
reference.

CONCEPTS OF LOGIC

The basic logic circuit is as simple as s
battery, switch and light bulb connected in a
series circuit loop. When the switch is closed the
bulb is ON (logic 1); when the switch is open the

bulb is OFF (logic 0). An electronic logic circuit
either provides an output pulse (voltage) or it
provides no output pulse, depending on the
various input pulses (voltages). The output pulse
functions the same as the light bulb turned ON;
no pulse oulput. functions the sane as the light
bulb turned OFF. In logics, the presence of a
pulse represc.nts a logic 1 (light bulb ON); the
absence of a pulse represents a logic 0 (light bulb
OFF).

POLARITY OF LOGIC.

The polarity of logic circuits is determined
by ,the manufacturer at the time of design. In
positive logic, the more positive (least negative)
voltage is a logic 1,' while thp least positive (more
negative) voltage is a logic 0 (fig. 14-1A). ,

in negative logic, the more negative (least
positive) voltage is a logic 1, while the least
negative (more positive) voltage is a logic 0 (fig.
14-1B). Because of the many different
configurations in the variety of logic circuits,
you MUST check the logic polarity in the
manufacturer's technical manual before working
on' any logic circuit. The wrong polarity would
cause tht output to be wrong.;

Positive logic is used in all discussions in the
remainder of this chapter.

LOGIC SYMBOLS

The technician has worked with electrical
and . electronic symbols that represent
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OV

9V 0

t 18V

+9V °

0 0'

0

POSITIVE LOGIC

(A)

9V 0 0

OV I'

-9V 0 0

-18V

+5V 0 0
OV

- 5V I

NEGATIVE LOGIC

(B)
77.375

Figure 14-1.Logic-Signals.

components of icircuit. See figure 14-2(A) and
I4-2(B) Both of these circuits have .e similar
function. In figure 14-2(A) when there is a signal
at A and at B there will be an output at Z. In the
simple electrical circuit shown in 14-2(B) when
switches A and B are closed, the bulb at Z will
light and° we have an output. Both of these
circuits perform similar functions, therefore, we
can use one symbol (fig. 14-2(C)) to repregent
the AND function. This symbol can be used to
represent any AND circuit. The circuit can have
any number of inputs. However, in logic circuits

O A

"0" "0"-

0'0 ,/
"I II iyi

A

Ti_
C

77.356.1
Figure 14-2.-rAND Symbol and Circuits.

the AND function is usually limited to three
inputs.

TRUTH TABS

A table that identifies the input(s) 'and
® output of a logic function is identified as a

Truth Table. See table 14-1. The different states
of any functional logic circuit are read fronilpft
to right and in sequence from top to bottom.
The first state is: 0 voltage at input contacts A
and B. with 0 voltage output at Z. If there had
been more inputs to the function, more lines
would be required to show every possible

14-2,
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Table 14-1.AND Truth Table

INPUT OUTPUT

CONTACTS A B 2

VOLTAGE 0 0 0 ,

( 0 I 0
1 0 0
I 'I I

77.371 ,

combination of signals that can be applied. Each
horizontal line identifies the state of the input
and output signals.

Truth tables are usually made with a
representing a high voltage and a 0 representing
a low voltage. Different companies and designers
use different voltages as high and as low signals.
However, the same voltage levels are usually
used throughout a logic system.

AND CIRCUITS

The logic symbol for an AND circuit (Fig.
14-2(B)) represents a circuit whose output
assumes the 1-state when and only when all
inputs are in the 1-state. All AND elements,
whether a simple bulb and series contacts or an
electronic switching device, must comply with
the TRUTH. in table 14-1. The truth table shows
the conditions or states that must be present at
the inputs for an output of 0 or 1. It is just as
important to reCognize the 0-state as it is to
recognize the 1-state. Both states have meanings
to the technician working with logic. %

OR CIRCUITS

Another example of a circuit \ that the
technician has worked with, and that, he may
not have recognized as a logic circuit, i an OR
circuit. A set of parda1191 contacts that co trol a
bulb makes up an OR circuit. See figure 4-3 if
contacts A or B are closed, bulb Z will light. If
either one or both contacts A and B are closed,

I

A

B

OR SYMBOL

A
'go

z

- OR CIRCUIT

43

77.358.1
Figure 14-344bol and Circuit.

bulb Z is lighted. This Is a simple OR -circuit.
The block diagram in figure 14-3A is thelymkol
that can be used to represent any OR cirgEit.
The output of an OR circuit assumes the 1-state
if one or more of the inputs assume that 1-state.
See truth table 14-2:

NOT CIRCUIT

. The logic syinbol for a NOT circuit (fig. 14-4
A and B) ,represents ciratits whose output
assumes the 0-state when the input is in the
1-state. The output assumes a 1-state when the
input is in the 0-state. In the NOT circuit the
output is inverted (opposite of the input). In
figure 14-4C, with an input of 1 at contact A,
the.relay is energized and opens contact R, the
bulb Z is off (output 0). With contact A open (0
input) the relay is deenergized and contact R
closes, bulb Z in ON (output 1). All NOT
elements, whether a simple circuit assin figure
14-4C or an electronic switching device, must
comply with the TRUTH table in table 14-3.

The symbol in figure 14 -4(B) is the NOT
circuit preceded by an amplifier. The amplifier
will be explained later in this'chapter.

14-3
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Table 14.2. OR Truth Table

CONTACTS

INPUT OUTPUT

t . B

VOLTAGE I 0 I

0 I I

I

0

77.372

A

A. Lio SYMBOL

0)

B. RE SYMBOL WITH AMPLIFIER

4

77.376
Figure 14-4.NOT Symbol, Amplifier, and Circuit.

NAND.CIRCUITS 6

The NAND circuit is very similar to the
AND circuit. Both circuits require all inputs to
be 1 in ',circler to change the output. In figureA \

1

Table 14.3. NOT Truth Table

INPUT OUTPUT
A

0
0 I

77.377

14-5B when contacts A and B close, the relay
operates and contact R opens, bulb Z is off, and
the output is 0. This may be considered a
negative or a NOT output. This is another circuit
that has a counterpart in logic, the NOT AND or
NAND circuit. The NAND circuit assumes the
0-state when and only when all inputs assume
the 1-state. The symbol for the NAND is made
by adding the symbol (0) for an inverter to the
output of the AND. (See figure 14-5A.)

VW' see Truth Tables that use the 1 and 0
(from tte binary number system) simply for
convenience. Table I4-4A is the truth table fora
NAND circuit. Notice in Table 14-4B that the
state symbols could have been 0 for open and S
for shut instead of the 0 and 1.

2

A. NAND SYMBOL
1

71"

B. NAND SYMBOL AND CIRCUIT

77.359.1
Figure 14-5.NAND Symbol and Circuit
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Table 145.NOR Truth TableTable 14-4.NAND Truth Table

CONTACTS

INPUT OUTPUT

CONTACTS

INPUT OUTPUT

11171F1111
e

A B *
'' 0

0 I

I I

1
vocrAocAl 0 0 S

I S 0 S
'I -7FC9-7
0 6154°`°

A

NOR CIRCUIT

B

77.373

The NOR circuit is very similar to the OR
circuit, as both circuits require only one of the
inputs to be in a 1-state to change the output. In
figure 14-6B, if contact A or B or both close, the
relay is operated coatact R opens, bulb Z is off
and the output is 0. Notice that the inverter
symbol (0) has been added to the output of the
OR symbol in figure 14-6A. The output assumes
the 1 state when and only when the 'inputs
assume a 0-state. Table 14-5 is the truth table

A

B

77.360.1
Figure 144.NOR Symbol and Circuit.

INPUT OUTPUT!

CONTACTS A 9 a
VOLTAGE 0 0 I

I 0 0
0 I 0
I I 0

A

NM
Mrlini
VOLTAGE

ITT1111=1
A 1MIMI.9

IrrEWM
WIN

S 0

B

77.374

for a NOR circuit. The significant difference
between the AND and the NAND, and between
the OR and the NOR was the inversion of,$.ertts
output signals. WO'

The NOR circuit iii figure 14-6(A) is almost
identical to the NOT circuit, (figure 14-4(C)).
The major difference between the NOR. and
NOT circuits, is the NOR circuit will always
have two or more inputs in parallel.

INHIBIT

The INHIBIT circuit shown in figure 14-7 is
also a combination of an AND and a NOT

A

B

A

77.361.1
Figure 14-7.INHIBIT Symbol and Circuit.
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operation, but the NOT operation is placed in
one of the input legs. (In the example shown,
the inversion occurs in the B input leg, but in
actual use it could occur in any leg of the AND
gate. In figure 14-7B, contact A is normally
(Ten and contact B normally closed. If contact
A is closed the bulb Z is turned on, output
1- state. If contact A is closed and contact B is
operated or opened, there is no current supplied
to the bulb, Z = 0. Therefore, we can state that
contact B inhibits the operation of output Z.
Notice that the truth table 14-6 shows the
position of contacts A and B, if we consider that
1 is the operated position and 0 is the NOT
operated position. siOTt: Whenever the symbol
for the NOT or inverter appears in ,a logic
diagram, it indicates signal inversion.

EXCLUSIVE OR CIRCUIT

The Exclusive OR circuit is a modified OR
circuit. Figure 14-8B shows one Exclusive OR
,circuit. To simplify the drawing, the symbol in
figure 14-8C is used. When a signal is present at
input contact A or B (1-state), the output bulb
Z is ON (output 1-state). If the inputs at A
contacts A and B are both in the 1-state or
0-state, the output Z is in the 0-state.

The Exclusive OR circuit is a modified OR
circuit.° The circuit in figure 14-8A shows two
inhibitors on the AND inputs and the AND
outputs connected into an OR circuit. In figure
14-8B, an inp ut 1 on A completes the circuit
through the battery. through B's contacts in the

A
is

Table 14-8.INHIBIT Function Table

CONTACTS

INPUT OUTPUT

A B a
VOLTAGE 0 0 0

I 0 I

0 I 0
I I 0

B

77.379
Figure 14-8.EXCL4VE OR Symbol and Circuit.

zero position putting power to the relay; contact
R closes, the bulb Z is on (output 1). Contacts A
and B of figure 14-8B inhibit each other. To
complete the circuit to the relay coil, one
contact must be in 1 position and the other_
contact in the 0 position. If both inputs are 1 or
0 the outpUt is 0.

Logic symbols, are used rather than the
detailed circuitry in electronics to simplify the
circuits for signal tracing. The same is true for
figure 14-8A which is the Exclusive OR circuit
with three logic symbols. In figure 14-8C, the
three logic symbols are combined under one

77.378 symbol thus simplifying the signal tracing; the

14-6
3:p?
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output is still the same, as shown in TRUTH
Table 14-7 for the Exclusive OR circuit.

Table 14-7 is the TRUTH table for the
Exclusive OR circuit. By adding an inverter 'to
the Exclusive OR output, the exclusive OR

Table 14-7.EXCLUSIVE OR Truth Table

CONTACTS

INPUT OUTPUT

VOLTAGE

.

I I 0

I I

77.380

becomes an Exclusive NOR. Figure 14-9 is the
symbol for the Exclusive NOR circuit; table
14-8 is the Exclusive NOR TRUTH TABLE.

FLIP-FLOPS

The logic symbols for flip-flops are shown in
figure 14-10. Symbol A shows two inputs, set
(S) and clear (C), and two outputs, 1 and 0. A
pulse applied to the S input will cause the
outputs to be as indicated on the symbol.
Conversely, a pulse applied to the C input will
cause the outputs to be the NOT function of
those indicated on the (A) symbol. In symbol
(B), a trigger has been added. A pulse applied to
the T input will cause the flip-flop to change its
state, so that whichever logical output was

A

B

Figure 14-9.EXCLUSIVE NOR Symbol.

Table 14-8.EXCLUSIVE NOR Truth Table

CONTACTS

INPUT OUTPUT

A B E

VOLTAGE 0 0 I

I 0 0

0 I 0
I I I

77.382

present previously will be reversed. Symbol (C)
shows a flip-flop with a single input, T. The
action of the input pulse is the same as described
for the T input of symbol (B).

MULTIVIBRATOR

The single-shot multivibrator (fig. 14-11) is
activated by the input signal. The amplitude,
wave shape and duration of the input signal is
usually indicated on the diagram. The output
signal shape, amplitude, duration, and polarity
are determined by the circuit characteristics of
the single-shot multivibratot, not by the input
signal. The normal inactive state of its single
shot output is the 0-state. When activated, it
changes to the indicated 1-state, remains there
for the characteristic time of the derlce, and
returns to the 0-state. The duration of the
on-time of the single-shot multivibrator will
normally need to be included on a tagging line
inside the ,symbol. When required, stylized
waveforms indicating duration, amplitude, and
rise and fall time may be used.

(A)

51.1. 0!) t:
(B) (C)

77.381 77.382
Figure 14-10.FLIP-FLOP Symbols.
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A
SS

B

77.363
Figure 14-11.SINGLE SLOT Multivibrator Symbol.

SCHMITT TRIGGER

The Schmitt trigger (fig. 14-12) is activated
when the input signal crosses a specified turn-on
threshold toward the indicated 1-state, and
remains active until the input signal crosses a
specified turn-off threshold toward the 0-state.
The output signal shape, amplitude, and polarity
ate determined by the circuit characteristics of
the Schmitt trigger and not by the input signal.
The normal inactive state of the Schmitt trigger
output is the 0state. When activated, it changes
to the indicated 1-state, and remains there as
long as the input exceeds the threshold value.

MEMORY

The MEMORY circuit (Fig. 14-13) has a set
(S) and a reset' (R) terminal for inputs with one
output terminal. A set signal, when applied,
causes a continuous output even when the set
signal is removed. A reset signal will cause the
output to return to the 0 or off- state.

PULSER

The PULSER (Fig. 14-14) generates pulses
that drive Shift Registers, Bin Counters, or
Steppers. An input at terminal W produces a 10

A

ST

Figure 14.12. Schmitt Trigger Symbol.

B

'77.384

77.366
Figure 14-13.Memory Symbol.

77.368
Figure 14.14. Pulver Symbol.

milli-second negative output pul at terminal
folloWed immediately b.? a 5 micro-second
negative pAse at terminal . An input signal at
terminal (not used in this chapter) would
produce a 150 micro-second negative pulse at
terminal ®. The negative pulse dccreases the
+10V output to +5V. The PULSER input
terminal W must be deenergized to restart the
series of pulses.

STEPPER

The STEPPER (Fig. 14-15) has step (ST),
reset (R) and set (S) input terminals with as
many as five output terminals (for a 5-bit
stepper). It can be compared to a group of
flip-flops, one for each output. A pulse on the
reset (R) terminal causes all outputs to cease
(0-state). A pulse on the S terminal sets up the

14-8 3
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77.387
Figure 14-15.Stepper Symbol.

flip-flops for operation with the outputs off. A
pulse on the ST terminal causes the first flip-flop
to shift with terminal 1 going to the 1, or on
state. Another pulse on the ST causes terminal 1
to shift 'to the 0-state and terminal 2 to shift to
the 1-state. Subsequent pulses cause similar

, shifts through as many output terminals as are
used. Once a terminal has an output it remains
until another pulse is applied to the ST or R
terminals.

AMPLIFIERS

The logic. symbols for amplifiers are shown
in figure 14-16. When more than one type of
amplifier is used, the symbol usually includes an
alpha-numerical code to identify the type, for
instance, SCR. The SCR would identify an
amplifier with a Silicon Controlled Rectifier.

The signal converter (Fig. 14-17) may be a
simple voltage divider or a saw tooth generator.
It will still be represented on the logic diagram

SCR

Figure 1416. Amplifier Symbol.

77.369
Figure 1417.Signals Converter Symbol.

by a symbol that identifies its function. The
diagram may include the voltage input ..and
output and their wave shapes. The technical
manual for a system will have a section devoted
to the description of each function and
identification of each part in the circuit of the
function.

Not all of the above logic circuits will be
used by the electrician's mate nor are they
intended to be a listing of all the logic circuits
that exist. They are however, a sample which
includes the most common ones and will give
you an idea of what can be seen in the realm of
logic.

Although it is possible to go much deeper
into theory and into the individual logic
circuitry consisting of transistors, diodes,
resistors, etc. the electrician's mate is not
expected to be able to design nor to go very
deeply into the repair of logic components.
Understanding the signals going into and out of
the logic symbols will enable him to follow an
operation on a drawing and find a problem when
one exists. Most repairi will consist of replacing
one printed circuit board plug-in module or an
integrated circuit with a new one.

APPLICATION OF LOGIC
CIRCUITRY

In order to provide application of the
knowledge you have accumulated about logic up
to this point, part of a theoretical logic operated
elevator system has been developed. This
material is NOT intended to teach the elevator

77.368 system. Although this circuit is theoretical and
cannot be used to troubleshoot a particular

14-9
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system, by studying the material and learning
the principles or rules for reading logic prints
and troubleshooting, you will be able to
troubleshoot any logic control system. (See
figure 14-18, sheets 1 and 2 at the end of this
chapter.) Only the DOWN and HIGH-SPEED
contactor circuits are shown along with one
switch to operate the-n. In actuality there would
be switches at all levels for sending the elevator
to all other levels. There would also be sensors
along the elevator trunk to tell the system when
to slow and/oi stop. Normally, there is also
additional circuitry for the UP Contactor and a
LOW-SPEED contactor, circuitry for engaging
and disengaging the locking bars, and other
safety type circuits.

INTRODUCTION TO LOGIC DIAGRAMS
4

A complete elevator circuit would fill three
or four full size plans with much jumping from
one to the other and back again. In order to take
this into account figure 14-18 was set up to
show how this is acconiplished and also to take
advantage of it. Notice that each figure (sheet 1
and sheet 2) is numbered along one side. That is
the locator system for a particular signal from
one sheet to the other. Take, for instance, the
first AND circuit on the left side of sheet 1. One
of the inputs is clearly shown but the other has a
number (2-01) for the input. This number refers
you to that portion of the other sheet, i.e. sheet
2, at the 01 level (somewhere across the page
from 2-01) of the page. Normally this would
connect you with more circuitry but in order to
simplify this diagram for our purposes an
explanation is given instead.

Before getting into the details of the
operation let us make the following
assumptions: the elevator platform is on the
main deck, and, of course, that isthe location of
the pushbutton switch to send it to another
level. We will only go into the circuitry for
starting the elevator platform in the DOWN
direction at HIGH-SPEED toward the second
deck. We will assume, that it will operate
normally and will slow at the proper time and
stop upon reaching the second deck. This is a
cable-operated CARGO elevator and therefore,
locking bagrengage whenever the platform stops
at a deck in order to steady it even with the

deck. All the logic circuits use +10 volts as the 1
or ON state and 0 volts as the 0 of OFF state.

Remember that you do not need to
completely understand what is going on inside
the logic component tc trace the signal as long
as you realize what inputs are necessary to result
in outputs for that particular component.

SIGNAL TRACING

Refer to figure 14-18 sheet 1, starting at the
left side. When the button is pushed for sending
the elevator to the second deck, a'+48v circuit is
completed to a signal converter which puts out a
+10v signal to logic circuit A2B (AND). A2B
requires both inputs to produce an output, so;
referring to 2-01 of sheet 2, we find that the
platform must be at the main deck for this
switch to initiate a move. A2B sends a signal
simultaneously to A7D and A8B, both of which,
being OR logic networks, Pass the signal on the
A9B (AND) and A8D (OR) respectively. A9B
already has one input from B8A-(NOT) which
gives a continuous output as long as there is no
signal input to it, therefore A9B passes the signal
on to set the memory in Al OB\ which will now
give continuous output until reset.

Leaving that signal standing for a moment,
return to A8D (an OR) which was at the same
time passing along its signal to Al6A and Al9C.
A 16A is a PULSER which, upon receiving the
+10v signal on its input terminal, &aides the
s al which was already present on its terminal
3 to drop from +10v to +5v for one
milli-second. This drop in signal level is felt at
the reset terminal of STEPPER A18 causing it to
reset and all of its output signals, if any, to
cease. After a one milli-second delay, the voltage
at the set terminal of A16A drops from +10v to
+5, for five micro-seconds which is sensed at the
set terminal of Al8 and sets it up tp start with a
signal from A 16B (on A18,'s step input
terminal). This step input is now there as AIOB
second deck memory sent an output signal
through Al 2D and A16B so now 18 produces
a steady +10v signal at terminal W . This signal
now allows Al 9C (AND) (which we left with
one input signal awhile back) to set the memory
in the DOWN (BSA) and through MSC to the
memory in HIGH-SPEED (AlIC).

14-10
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At this point the pushbutton can be released
as the memories Al0B, Al IC, and B5A as well
asstepper Al 8 all have continuous outputs.

Continuing on from the second deck
memory Al OB, the sigaal goes through OR
circuits Al 2A and A 1 2B to adoitional circuitry
for disengaging the locking bars and ringing the
warning bell.

In the meantime, the HIGH SPEED memory
Al 1C, sends its signal through B4C (OR) down
to A13D (AND) where it combines with the
output from the DOWN, memory (B5A) and
signal that lockhus bars are disengaged (2-14)
and produces a s.gnal from A13D. A13D in turn
sends a signal through B9D (OR) to an SCR
amplifier which delivers 120V and energizes the
DOWN contactor. At the same time A13D sent a
signal up to B6A OR which passes it on to Al 9D
AND. A19D now has inputs from B6A, A18(1)
and B8E (which has an output since it has no
input) and the signal can be passed on to the
SCR amplifier which produces 120v to energize
the HIGH-SPEED contactor. The elevator now
commences to move, cutting off the platform
location signal \(2-10) to A 1 2D (deenergizing
Al6B Pulser).

As the elevator approaches the second deck,
sensors send a signal into A 12D which still has
an input from 2nd DK MEMORY MOB. Al 2D.
(via 2-10) passes the signal on to PULSER Al6B
which sends its negative pulse to the step
terminal of A 1 kA18 then cuts off the output
from terminal W ajad produces a steady +10v
output at terminal GI which it applied through
other circuitry (not shown) to start the motor in
low speed. At the same time A 12D was sending
a signal to PULSER Al6B a signal was also being
sent (not shown) to reset the HIGH-SPEED
memory. Since the platform has now moved
past the slow sensor Al 2D is again without an
output.

As the platform reaches the second deck,
another signal is sent through Al2D (via 2-10),
Al6B sends another elgse, and A 18 cuts off the
signal on terminal )1 and produces one at
terminal ® The output from A18(3) is applied
through circuitry (not shown) which resets all
the memories, stopping the elevator, and causes
engagement of the locking bars. The warning
bell now ceases to ring and the operation is over.

MAINTENANCE

Many logic operated equipments are
designed for relatively easy repair. Rather than
trying to find which transistor, resistor, etc. is
faulty, one module can be easily removed and
replaced with one from on-board spares.

LOCATING MODULES IN A
CONTROL CABINET

Each module is a separate unit with up to
five separate logic circuits on one board. For
instance, a NOT INVERTER board has five
separate NOT circuits while the OR and AND
boards may have four circuits but a MEMORY
board may have only three and a STEPPER only
one. Circuit boards having the same logic circuits
may be interchangable. In some system's, each
separate circuit on a board may have an
indicating light, on the front which lights up
when that particular circuit is in the 1-state (has
an output). These circuits are labeled from top
to bottom of each board, A through E (if 5
circuits are on the board).

The plug-in modules are arranged in rows
inside the cabinet. These rows are labeled A, B,
C, etc., depending upon the number of rows
used. Each module in each row is, in turn,
labeled 1, 2, 3, etc., depending upon the number
of modules in the row. The circuits in the
drawings are labeled according to their locations.

Now we can locate any circuit on the
diagram by its label. Take the first AND circuit
on the left in figure 14-18, sheet 1, A2B. We
know it is in row A, the second module from the
left, and the second circuit from the top of the
board. We can tell if it is passing its signal by;
looking at the light labeled B on that module.

TROUBLESHOOTING
(IDENTIFYING FAULTY PRINTED

CIRCUIT CARDS)

Take another example, B9D, the last OR
circuit in the DOWN contactor circuit. If, while
troubleshooting a problem, we look at the B
row, ninth module, and light D is not on, we
know that 13D must pass a signal so we look

1411
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to see if A13D's light is on. If not, we can go to
BSA, B4C, or the other input to A13D (labeled
here 14 -18). In this way the fault can be located
and a new circuit card installed while the faulty
one is being repaired (normally sent to the
factory),

The total, equipment diagram, of course,
covers much more than was covered heie but by
being able to read and understand the logic
diagrams an electrician's mate should be well on
his way to being able to maintain the total
system. ,

4I')
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SCR 1\/"
DOWN

4t----
LOW

"SPEED

UP

SHT.20F2

2-01 PROXIMITY SWITCH INDICATING CAR AT MAIN DECK:(I-16)

2-02 FROM CIRCUIT COMPARABLE TO A2B FOR SWITCH LOCATED AT 3RD
DECK (1-08)

2-03 FROM CIRCUIT COMPARABLE TO A2B FOR SWITCH LOCATED AT 4TH
DECK (1-10)

2-04 FROM OTHER SWITCHES WHICH WOULD REQUIRE DOWN MOVEMENT
(1-24, 1-29)

2-05 SIGNAL FROM CIRCUIT IND1CAT,NG LOW SPEED SIGNAL IN EFFECT
(1-04)

2-06 SIGNAL CAUSED BY ABNORMAL CONDITION - SLACK CABLE, ETC.
(1-03)

2-07 SIGNAL FROM MAIN DECK MEMORY CIRCUIT (1-01)

2-08 SIGNALS FROM OTHER DECK LEVELS - 3RD DECK, 4TH DECK
(1-01)

2-09 TO CIRCUITRY FOR DISENGAGING LOCKING BARS AND RINGING
WARNING BELL (1-02)

2-10 SIGNALTROM OTHER CIRCUITRY WHICH TELLS LOCATION OF
PLATFORM (1-12)

2.11 SIGNAL FROM OTHER CIRCUITRY WHICH REQUIRES MEMORY SE"'
(1-19)

2-12 SIGNAL FROM LOW SPEED MEMORY (1-16)

2-13 SIGNAL TO RESET UP MEMORY (1.36)

2-14 SIGNAL THAT CONDITIONS ARE OK - LOCKING BARS DICENGAGED,
ETC. (1 -27)1

2-15 SIGNAL FROM LOW SPEED CIRCUITRY (1.14)

2-16 SIGNAL FROM "UP" CIRCUITRY (1-13)

2-17 SIGNAL TO RESET ALL OTHER "MEMORIES" (1-04)

2-18 SIGNAL FROM MANUAL ELECTRIC (JOG) OPERATION (1.29)

2-19 SIGNAL TO "UP" CIRCUITRY (1.15)
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CHAPTER 15

ELECTRICAL AUXILIARIES

Electrician's Mates are rP tired to maintain
various types of electrical etr rent aboard ship.

This chapter explains the operating principles
of-some -of -the most widely -used types of auxiliary__

equipment and describes methods andprooedures
for operating and maintaining them.

SMALL CRAFT CIRCUITRY
AND COMPONENTS

Small craft perform an important function in the
daily routines of all naval vessels. When their parent
ships are at sea, they serve as duty life boats and also as
troop carriers or assault boats. In port, they are used for
transporting stores and liberty parties, and for
conducting other ship's business.

The electrical system covered here is repre-
sentative of those found on a large number of ship's
boats and small craft. The electrical system
consists of the (1) engine starting system, (2)
ignition system, and (3) battery charging systems:

ENGINE STARTING SYSTEM

The engine starting system will vary, de-
pending on whether the boat is equipped with a
gasoline engine or a diesel engine. For example, a
gasoline engine-driven boat includes an electrical
ignition system; whereas, diesel engine-driven
boat often includes an electric air heater. The
majority of the Navy's small boats are powered

`by diesel engines due to the safety hazard of using
gasoline, however some gasoline engine driven
boats are in use.

The engine starting system consists essen-
tially of a storage battery, starting motor, and
suitable controls.

STORAGE BATTERY

The lead acid storage battery provides the
power source for starting small boat engines.
The battery_elso_ functions as a voltage stabiliz-
er in the electrical systein-, and-supplies- elec
trical pdwer for a limited time when the
electrical load exceeds the output of the boat's

generator. The boat battery for a 24-volt starting
syite-fri-tlormally-oonsistF .1 four individual six-
volt batteries connected in seriii:Theadvantagea
of using six-volt batteries are ease of handling
the smaller batteries and easy replacement of any
single battery in the event of a defective cell.

Periodic inspection of the storage battery is
essential in maintaining mastmtun efficiency and
long life of the battery. Batteries that are used to
start motor-boat engines are subjected to moder-
ately heaVy use and may require frequent charging
in addition to the charging provided by the engine
generator or alternator.

Specific Gravity

The ratio of the weight of a certain volume of
liquid to the weight of the same volume of water
is called the specific gravity of the liquid. The
specific gravity of pare water is 1.000. Sulfuric
acid has a specific gravity of 1.830; thus. sulfuric
add is, 1.830 times as heavy as water: The
specific gravity of a mixture of sulfuric acid and
water varies with the ptrength of the sOlution from
1.000 to 1.830.

As a storage battery discharges, the sulfuric
acid is depleted and the electrolyte is gradually
converted into water. This action provides a guide,
in determining the state of discharge of the lead-
acid cell. The electrolyte that is usually placed
in a lead-acid battery has a specific gravity of
1.350 or less. Generally, the specific gravity of
the electrolyte in standard storage batteries is

15.1
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adjusted between 1.210 and 1.220. On the other
hand the specific gravity of the electrolyte in
submarine batteries when leharged is from 1.250
to 1.265, while in aircraft' batteries when fully
charged it is from 1.285 to 1.300.

Hydrometer

The specific gravity of the electrolyte is
measured with a hydrometer. In the syringe type
hydrometer (fig. 15-1), part of the battery elec-
trolyte is drawn up into a glass tube by means
of a rubber bulb at the top.

1150

DISCHARGED

1270
CHARGED

BE.39
Figure 15-1. Type-B hydrometer.
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r float will sink to a certain level in
lyte. The extent to which the hydrometer

des above the level of the liquid
n the specific gravity of the solution.

on the stem at the surface of the
specific gravity of the electrolyte
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uses two types of hydrometer bulbs,

ach having a different scale. The type-
ter is used with submarine batteries
different floats with scales from 1.060
d from 1.120 to 1.300. The type-B

r is used with portable storage bat-
airdraft batteries.. It has a scale from
.300. The electrolyte in a cell should
ormal level when the reading is taken.
el is below normal, there will not be
fluid drawn into the tube to cause the
se. If the level is above, normal there
ch water, the electrolyte is weakened,
ading is too low. A hydrometer reading

rate if taken immediately after water is
cause the water tends to remain at the

cell. When water is added, the battery
charged for at least an hour to mix the

to before a hydrometer reading is taken.
710N: Hydrometers ,should be flushed
ith fresh water to prevent inaccurate

gs. Storage battery hydrometers must not
d for any other`purpose.

Corrections

The specific gravity of the electrolyte is
affected by its temperature. The,electrolyte ex-
pands and becomes less dense when heated and
its specific gravity reading is lowered. On the
other hand, the electrolyte contracts and becomes
denser when cooled and its specific gravity read-
ing is raised. In both cases the electrolyte may be
from the same fully charged storage cell. Thus,
the effect of temperature is to distort the readings.

Most standard storage batteries use 80°F of the
normal temperature to which specific gravity readings
are corrected. To correct the specific gravity reading of
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a storage battery, add 1
each °F above 80° and
belch 80°.

point 3`F to the reading for
subtract 1 point for each 3°F

Adjusting Specific Gravity

Only authorized personnel should ad acid to
a battery. Acid with a specific gravity above
1.350 is never added to a battery.

If the specific gravity of a celL is more than it
should be, it can be reduced to within limits by
removing some of the electrolyte and adding dis-
tilled water. The battery iecharged for 1 hour to
mix the solution, and then hydrometer readings
are taken. The adjustment is continued until the
desired true readings are obtained.

Mixing Electrolyte

The electrolyte of a fully charged battery
usually contains about 38 percent sulfuric acid
by weight, or about 2? percent by volume. In
preparing the electrolyte distille(i wiger
sulfuric acid are usmd. New jattex,(5 %ray
delivered with containerts IA concentrated sulfuric
acid of 1.830 specific gravity or electrolyte of
1.400 specific gravity, both of Aihk.11 MUM be
diluted with distilled water) 1.0 mg). electrolyte
of the proper specific gravity. 1 le container used
for diluting the acid should be made of glass,
earthenware, rubber, or lead.

When mixing electrolyte, ALWAYS POUR ACID
INTO WATERnever pour water into acid. Pouf
the acid,.slowly and cautiously to prevent e gee ssiVe
heating and splashing. Stir the solution cop-
tinuqusly with a nonmetallic rod to mix the heavier
acid with t4 lighter water and to keep the acid
from sinki4eto the bottom. When concentrated
acid is diluted, the solution becomes very hot.

Treatment of Acid Bu

If acid or ele trolyte from a lead-acid battery
comes into conta it with the skin, the affected area
should be washe 5 soon as possible with large
quantities of fresh ter, after which a salve such
as petrolatum, boric id, or zinc ointment should
be applied. If none of ' se elves are available;
clean lubricating oil wil = s. ice. When washing,
large amounts of water should be used, since
a small amount of water might do more harm than
good in spreading the acid burn.

Acid spilled on clothing may be neutralized with
dilute ammonia or a solution of baking soda
and water.

Capacity

.The capacity of a battery is measured, in
ampere-hours. As mentioned before, the amper;Vour
capacity is equal to the product of the current in
amperes and the time in hours during which the battery
is supplying this current. The ampere-hour capacity
varies inversely with the discharge.current. The size of a
cell is determined generally by its ampere-hour capacity.
The capacity of a cell' epends upon many factors, the
most important of these are as follows:

1. The area of the plates in contact with the
electrolyte.

2. The quantity and specific gravity of the
electrolyte.

3. The type of separators.
4. 'The general conditiori of the battery (degree of

sulfating, plates buckled, separators w Arpcd, sediment in
bottom of cells, etc.),,

5. The final limiting voltage.

.
Ra

Storage batteries are rated according to their rate of
discharge and ampere-hour capacity. Most batteries,
except-aircraft and some used for radio and sound'.
systems, are rated according to a. 10-hour rate of
discharge-that is, if a fully charged battery is
completely discharged during a 10howpefiod, it is
discharged at the 10hour rate. Thus if a battery can
deliver 20 amperes continuously for 10 ,hours, the

-battery has a rating of 20x' 10, or 200 ampere-hours..
Thus the 10hoiii rating is equal to the average current
that a battery is capable of supplying without
interruption for an interval of hours. (NOTE:
Aircraft batteries are rated accordig to a 1-hour (ate of.
discharge.) Some other ampre-hour. ratings used are
6-hour and 20-hour ratings.

All standard batteries deliver 100 percent of their
available capacity if discharged in 10 hours or more, but
they will deliver less than their available capacity if
discharged at a faster rate. The faster they iischarge, the
less amperehour capacity they have.

The low-voltage limit, as specified by the
manufacturer, is the limit beyond which very little
useful energy can be obtained from a battery. For
example, at the conclusion of a 10hour discharge test
on a battery, the closed-circuit voltmeter reading is
about 1.75 volts per cell and the specific gravity of the
electrolyte is about 1.060. At the end of a charge, its
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closed-circuit voltmeter reading, while the battery is
being charged at the finishing rate, is, between 2.4 and
2.6 volts per cell. The specific gravity of the electrolyte
corrected to 80°F is between 1.210 and 1.220. In
climates of 40°F and below authority may be granted to
increase the specific gravity to 1..230. Other batteries, of
higher normal specific gravity, may al,o be increased.

Test Dischatie
a

The test discharge is the best method of determining
the capacity of a battery. Most battery switchboards are
provided with the necessary equipment for giving test
discharges. if proper equipment is not available, a
tender, repair ship, or shore station may make the test.
To determine the battery capacity, a battery is normally
given 3 test discharge once every 6 months. Test
discharges are also given whenever any cell of a battery
after chaise cannot be brought. within 10 points of full
charge, or when one or more cells is found to have less
than normal voltage after art equalkring charge.

A test discharge must always be preceded by an
equalizing charge. Immediately after the -equalizing
charge, the battery is discharged at its 10-hour rate until
either the total battery voltage drops to a value equal to
1.75 times the number of cells in series or the voltage of
any individual cell drops to 1.55 volts, whichever occurs
first. The rate of discharge should be kept constant
throughout the test discharge. Because standard
batteries are rated at the 10-hour capacity, the discharge
rate for a 100 ampere-hour battery is 100/10, or 10
amp". If the temperature of the electrolyte at the
begin:sing of the charge is not exactly 80°F, the time
duration of the discharge must be -corrected for the
actual temperature of the battery.

A battery of 100-percent capacity discharges at its
10-hour rate for 10 hours before reaching its low-voltage
unit. If the battery or one of its cells reaches the

low-voltage limit before the 10-hour period has elapsed,
the discharge is discontinued immediately and the
percentage of capacity is determined from the equation

Cis&x 100Ht

where C is the percentage of ampere-hour capacity
available, H. the total hours of discharge, and Ht the
total hours for 100 - percent capacity. The date for each
test discharge should be recorded on the storage battery
record sheet.

For - ::trample, a 100-ampere-hour 6-volt battery
cu.-livers an average current of 10 amperes for 10 hours.
At the end of this period the battery voltage is 5.25
volts. On a later test the same battery delivers an average
c'urent of 10 amperes for only 7 hours. The discharge
was stopped at the end of this time because the voltage
of the middle cell was found to be only 1.65 volts. The

7percentage of capacity of the battery is now TO. x 100,

or 70 percent. Thus, the ampere-hour capacity of this
battery is reduced to 0.7 x 100 = 70 ampere hours.

State of Charge

After a battery is discharged completely from full
charge at the 10-hour rate, the specific gravity has
dropped about 150 points to about 1.060. The number
of points that the specific gravity drops per ampere-hour
can be determined for each type of battery. For each
ampere-hour taken out of a battery a definite amount of
acid is removed from the electrolyte and combined with
plates.

For example, if a battery is discharged from full
charge to the low-voltage limit at the 10-hour rate and if
100 ampere- hours are obtained with a specific gravity

drop of 150 points, there is a drop of I; or 1.5 points

per ampere-hour delivered. If the reduction in specific
gravity per ampere-hour is known, the drop in specific
gravity for this battery may be predicted for any
number of ampere-hours delivered to a load. For
example, if 70 ampere-hours are delivered by the
battery at the 10-hour rate or any other rate or
collection of rates, the drop in specific gravity is
70 x 1.5, or 105 points.

Conversely, if the drop in specific gravity per
ampere-hour and the total drop in specific gravity are
known, the ampere-hours delivered by a battery may be
determined. For example, if the specific gravity of the
previously considered battery is 1.210 when the battery
is fully charged and 1.150 when it is partly dischargid,
the drop in specific gravity is 1,210 - 1,150, or 60
points, and the number of ampere-hours taken out of

ithe battery s-c-s360 or 40 ampere-hours. Thus the number

of ampere-hours expended in any battery discharge can
be determined from the following items.

I. The specific gravity when the battery is fully
charged.

1 0
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2. The specific gravity after the battery has been
discharged.

3. The reduction in specific gravity per
ampere-hour.

Voltage alone is not a reliable indication of the state
of charge of a battery except when the voltage is near
the low-voltage limit on discharge. During discharge the
voltage falls. The higher the rate of discharge the lower
will be the terminal voltage. Open-circuit voltage is of
little value because the variation between full charge and
complete discharge is so smallonly about 0.1 volt per
cell. However, abnormally low voltage does indicate
injurious sulfation or some other serious deterioration
of the plates.

Types of Charges

The following types of charges may be given to a
storage battery, depending upon the condition of the
battery:

1. Initial charge.

2. Normal charge.

.3. Equalizing &are.

4. Floating charge.

S. Emergency charge.

INITIAL CHARGE.When a new battery is shipped
dry, the plates are in an uncharged condition. After the
electrolyte has been added it is necessary to convert the
plates into,the charged condition: This is accomplished
by giving the battery a long low-rate initial charge. The
charge is given in accordance with the manufacturer's
instructions, which are shipped with each battery. If the
manufacturer's instructions are not available, reference
should be made to the detailed instruction in current
directives.

NORMAL CHARGE.A normal charge is a routine
charge that is given in accordance with the nameplate
data during the ordinary cycle of operation to restore

the battery to its charged condition. The following steps
should be observed:

1. Determine the starting and finishing rate from
the nameplate data.

2. Add water, as necessary, to each cell.

3. Connect the battery to the charging panel and
make sure the connections are clean and tight.

4. Turn on the charging circuit and set the current
through the battery, at the value given as the starting
rate.

Ct
S. :Check the temperature and specific gravity of

pilot cells hourly.

6. When the battery begins to gas freely, reduce the
charging current to the finishing rate.

A normal charge is complete when the specific
gravity of the pilot cell, corrected for temperature, is
within 5 points (0.005) of the specific gravity obtained
on the previous equalizing charge.

EQUALIZING CHARGE.An equalizing charge is
an extended normal charge at the finishing rate. It is
given periodically to insure that all the sulfate is driven
from the plates and that all the cells are restored to a
maximum specific gravity. The equalizing -charge is
continued until the specific gravity of all cells, corrected
for temperature, shows no change for a 4-hour period.
Readings of all cells are taken every half hour.

FLOATING CH ARGE.A battery may be
maintained at full charge by connecting it across a
charging source that has a voltage maintained within the
limits of from 2.13 to 2.17 volts per cell of the battery.
In a floating charge, the charging rate is determined by
the battery voltage rather than by a definite current,
value. The voltage is maintained between 2.13 and 2.17
volts per cell with an average as close to 2.15 volts as
possible.

EMERGENCY CHARGE.An emergency charge is
used when a battery must be recharged in the shortest
possible tihie. The charge starts at a much higher rate
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. than is normally used for charging. It should be used
only in an emergency as this type charge may be
harmful to the battery.

Charging Rate

Normally, the charging rate of Navy storage
batteries is given on the battery nameplate. If the
available charging equipment does not have the desired
charging rates, the nearest available rates should be used.
However, the rate should never be so high that violent
gassing occurs. NEVER ALLOW THE TEMPERATURE
OF THE ELECTROLYTE IN ANY CELL TO RISE
ABOVE 125°F (52°C).

Charging Time

The charge must be continued until the battery is
fully charged. Frequent readings of specific gravity
should be taken during the charge. These readings
should be corrected to 80°F and compared with The
reading taken before the battery was placed on charge.
If the rise in specific gravity in points per ampere-hour is
known, the approximate time in hours required to
complete the charge is as follows:

rise in specific gravity
in points to complete charge

rise in specific
gravity in points
per ampere-hour

Gassing

charging rate
in amperes

When a battery is being charged, a portion of the
energy is dissipated in the electrolysis of the water in
the electrolyte. Thus, hydrogen is released at the
negative plates and oxygen at the positive plates. These
gases bubble up through the electrolyte and collect in
the air space at the top of the cell. If violent gassing
occurs when the battery is first placed on charge, the
charging rate is too high. If the rate is not too high
steady gassing which develops as the charging proceeds,
indicates that the battery is nearing a fully charged
condition. A mixture of hydrogen and air can be

dangerously explosive. No smoking, electric sparks, or
open flames should be permitted near charging batteries.

STARTING MOTORS

The starting, or cranking motor is a low-voltage d-c
series motor used to start internal combustion engines
by rotating the crankshafts. It is flange mounted on the
engine flywheel housing and is supplied with current
from the battery. All starting motors are similar in
design and consist essentially of a frame, armature,
brushes, field windings, and drive mechanism. The
armature 'shaft is supported on bronze bearings
equipped with wick oilers. The number of field poles
and brushes vary according to the cranking
requirements, and the operating voltage corresponds to
that of the generator.

The starting motor has low resistance; it is designed
to operate under heavy load with relatively high
horsepower for. short periods of time. The high
horsepower is accompanied by a high current that
creates considerable heat, and if operated for any
considerable length of time will result in failure of the
motor due to overheating. Hence, the starting motor
must be operated for not more than 30 seconds at a
time, and at about two-minute intervals to allow the
heat to dissipate. The starting current on most small
boats is over 600 amperes.

The starting motor is. equipped with a drive
mechanism (fig. 15-2) that transmits the power from the
motor to the engine. The function of the drive
mechanism is to (1) engage the drive pinion with the
flywheel for cranking the engine, (2) provide a gear
reduction between the drive pinion and flywheel, and
(3) disengage the drive pinion and flywheel after the
engine is started.

When the starting motor is operated, the drive
mechanism causes the drive pinion to mesh with the
teeth of the flywheel ring gear, thereby cranking the
engine.

The gear reduction is necessary because the starting
motor must rotate at a relatively high speed with respect
to the engine cranking speed to produce sufficient
output power to crank the engine. Thus, a gear
reductior ratio of 15 to 1 will permit the starting motor
to rotate at 1500 rpm while cranking the engine at 100
rpm.

As soon as the engine is started, the drive
mechanisin causes the drive pinion to disengage from
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Fi e 15-2.Overrunning clutch drive with solenoid-operated switch.
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The overrunning clutch drive type of starting
motor is described here (fig. 15-2). It provides
positive engaging d disengaging of the starting
motor drive pinion and the flywheel ring gear.
This drive mechani m utilizes a shift lever that
slides.the clutch and drive pinion assembly along
the armature shaft =o that' it can be engaged and
disengaged with flywheel ring gear. The
clutch transmits or rig torque from the starting
motor to the engint flywheel, but permits the
pinion to overrun the, armature after the engine
starts. Thus, power can be transmitted through
the overrunning clutc1 in only one direction. This

75.173(77A)

action protects the starting motor from excessive
speed during the brief interval that the drive pinion
remains engaged with the flywheel ring gear after
the engine has started.

When the shift lever is operated, the clutch
assembly is moved along the armature shaftuntil
the pinion engages with the flywheel ring gear.
The starting-motor contacts are closed when the
movement of the shift lever is completed, causing
the armature to rotate, and thereby cranking the
engine.

After the engine starts, it spins the pinion
faster than the armature of the starting motor is
rotating. This action causes the pinion to spin
independently or overrun. When the starting-
motor switch is opened, the shift lever releases,
causing the drive spring to pull the over-running
clutch drive pinion out of engagement with the
engine flywheel ring gear.
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Controls

The solenoid switch (figs. 15-2, 3) is used on
some starting 'motors equipped with over-running
clutch drives to close the circuit to the starting
motor and also to engage the pinion with the fly-
wheel ring gear. It is mounted on the motor frame
and consists of pull-in coil and a hold-in coil.
provided with a spring-loaded plunger. A heavy
contact disk is attached to one end of the plunger,
and the other end is connected by linkage to the
shift lever. Both coils are connected in series
with a starter switch located on the instriment
panel. When the starter switch is operated, both
coils are energized (from the battery) and the
plunger is pulled so that the pinion engages with
the flywheel ring gear. The pull-in coil draws
a comparatively heavy current necessary to com-
plete the plunger movement. The hold-in coil
aids the pull-in coil. Continuation of the plunger
movement closes the switch contacts, thereby
permitting the starter motor to crank the engine.
As soon as the solenoid switch is closed (and the
pinion shifted), the pull-in coil is shorted by the
switch contacts in the starting-motor circuit so
that only the hold-in coil is energized to retain
the plunger in the operated position.

When the starter switch is released, the tension
of the return spring in the drive assembly actuates
the plunger to open the circuit to the starting
motor.

HOLDING
COIL

PULL IN
COIL

MOTOR
TERMINAL

TO STARTING
MOTOR PINION

SHIFT SW. TERM.

STARTER BUTTON

STORAGE
BATTERY

BAT. TERM.

STARTING MOTOR
TERMINALS

77.161
Figure 15-3.Solenoid switch diagram.

IGNITION SYSTEMS

Ignition of the fuel-air mixture in the cylinders
of a gasoline engine is initiated by an electric
spark. The spark is produced by the ignition
system that functions to step up the relatively
low voltage of the battery and to deliver the high
voltage to the spark plugs at the proper time. The
high voltage is capable of forcing current across
the elecUodes Orthe spark plugs. The hot spark
created across the electrodes ignites the fuel!air
mixture. A discussion of the battery ignition
system, the transistorized ignition system, and
air heaters follows.

Battery Ignition System

A battery ignition system consists of (1) the
battery, (2) the ignition coil, (3) the ignition dis-
tributor, and (4) spark plugs (fig. 15-4). The
battery and generator supply the voltage and
current for the ignition system. The battery is
required for starting, but after the engine starts,
the generator carries the ignition load.

Ignition Coil

The ignition coil (rig. 15-5) is a pulse transformer
that steps up the low battery, or generator, voltage to
the high voltage necessary to jump the gaps at the spark
plugs in the engine cylinders. It consists of a primary
winding having a few hundred turns of relatively heavy
wire, a secondary winding, having many thousand turns
of very fine wire (up to 100 times as many turns of wire
as the primary), and a laminated soft-iron core. The
secondary winding is usually wound around the
soft-iron core, and the primary winding surrounds the
secondary winding. This subassembly is enclosed in a
laminated soft-iron shell that serves to concentrate the
magnetic field.

The entire subassembly is placed in a steel
case, and the remaining space is usually filled
with oil to improve insulation and reduce the
effects of moisture. The case is hermetically
sealed with a molded insulating cap that carries
two primary terminals and the high-tension
terminal.

The primary circuit of the ignition system (fig.
15-4) is from the battery, through the ignition
switch to the primary terminal of the ignition coil,
though the primary winding, and out the other
primary terminal to the distributor. When the



Chapter 15 ELECTRICAL AUXILIARIES

SPARK PLUG
HIGH-TENSION

CABLES

COMBUSTION CHAMBER

DISTRIBUTOR
CAP AND

ROTOR

SECONDARY CIRCUIT
(HIGH-TENSION)

AMMETER

5

444
DISTRIBUTOR BREAKER POINTS
DISTRIBUTOR

CAM

CAPACITOR

IGNITION
SWITCH

PRIMARY CIRCUIT
(LOW-TENSION)

BATTERY

Figure 15- 4. Battery ignition system.

ignition switch is in the ON position and the
contacts in the distributor are closed, current
flows from the battery, through the primary
winding of the ignition coil, through the contacts
of the distributor, and back to the battery through
ground: The current produces a magnetic field
around the windings of the ignition coil. When
current begins to flow through the winding, self-
induction occurs and prevents the current and
consequently the magnetic field from reaching
their maximum values instantly. A small fraction
of a second (called build-up time) is required for
this action to occur. During this time energy is
being stored in the magnetic field of the coil.
When the cam lobe strikes the breaker-lever
rubbing block, the breaker contact points open,
thereby interrupting the primary circuit.

When the breaker contacts in the distributor
begin to open, the primary current tends to con-
tinue to flow because of the self-induction of the
winding. If it were not for, the ignition capacitor
connected across the breaker contacts, current
would continue to flow between the separating
points. This current would form an arc that would
burn_the_points-badly-and-would-also-drain-away

COIL

81.138

most of the energy stored in the coil. Thus in-
sufficient-energy would be left in the coil to pro-
duce the necessary high voltage surge in the
secondary. r.,

The ignition capacitor, however, provides a
path around the points during the instants they
begin to. separate. Thus, the capacitor acts as a
storage reservoir for the energy otherwise dis-
sipated as an arc across the points, and also as
Et check on the current, quickly bringing it to a
stop in the primary circuit. As a result of this
action the magnetic field produced by the current
quickly collapses. The rapid collapse of the
magnetic field in cutting the windings of the ig-
nition coil induces a high voltage in both the
primary and secondary windings. The voltage
in the primary winding may reach 250 volts
(further charging the capacitor); whereas, the
secondary winding (which may have 100 times
as many turns as the primary) may reach 25,000
volts,

The voltage normally increases' to a value
sufficient to produce a spark across the spark -
plug gap connected to_the_secondary_of-the-ig--
nitron coil through the distributor rotor, cap
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Figure 15-5.Ignition coil.

insert, and high tension lead. This voltage is
usually from 4,000 to 18,000 volts, depending
on such variables as engine speed, engine com-
pression, mixture ratios, width of spark-plug
gap, and others.

As a spark appears at the spark -plug gap,
the energy in the ignition coil . drains from the
coil through the secondary-circuit-to-sustain-the
spark for a small fraction of a second, or for
several degrees of crankshaft revolution.' During

this interval the capacitor discharges back through
the primary circuit, producing an oscillation of
.ae current in the primary circuit during the brief
interval required for the primary circuit to return
to a state of equilibrium. This sequence is re-
peated as each lobe of the breaker cam moves
under and past the rubbing block on the breaker
lever to cause the contacts to close and open.
Normally, ignition ooils do not require any service
except to keep all terminals and cor-nections clean
and tight.

Ignition Distributor

The ignition distributor (fig. 15-6) opens and closes
the primary ignition circuit and distributes the
high-voltage surge to the proper spark plug at the
correct time in the engine cycle. The distributor
includes a drive shaft with breaker cam and spark

'advance mechanism, a breaker plate with contacts, and a
rotor.

The shaft with the breaker cam is usually
driven by the engine camshaft at one-half the
engine speed through spiral gears. The dis-
tributor contacts are held closed by spring
pressure and opened by the breaker cam, whilh
always has the same number of lobes as there
are cylinders in the engine.

The primary circuit through the ignition dis-
tributor includes the distributor contacts and
capacitor (fig. 15-6). As the, breaker cam rotates,
the cam lobes move around under the contact arm,
causing the distributor contacts to open and
close fig. 15 -6B). Thus, the distributor contacts
open and close once for each cylinder with every
rotation of the breaker cam, and one high-voltage
surge is produced by the ignition coil for each
cylinder with every two revolutions of the crank-
shaft.

The capacitor connected across the distributor
contacts provides a quick collapse of the magnetic
field in the ignition coil in order to produce the
high-voltage surge, it also protects the distributor
contacts from arcing.

Tht, secondary circuit through the ignition dis-
tributor includes the distributor rotor, distributor,
cap with high-tension terminals, and the spark
plugs (fig. 15-4). The high voltage surge in the
ignition coil secondary is conducted through the
high-tension lead by way of the center terminal
of the distributor cap to the rotor. The rotor is
mounted on the breaker cam_and_rotates with its:
During each revoldtion, a metal spring and seg-
ment on the rotor (fig. 15-6A) connect the center-
terminal of the distributor cap with each outside
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Figure 15-6.Ignition distriputor.
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terminal in turn. This action directs the high-
voltage surges from the ignition coil to the various
spark plugs in the engifle according to the fireoe
Spardrk

r.
Plugs

The spark plug (fig. 15-7) in a spark ignition system
provides the gap across which the high-tension voltage

jumps to create a spark that ignites the compressed
fuel-air mixture. It consists of a center (insulated)
electrode that is connected to the secondary of the
ignition coil through the distributor, and a side
(grounded) electrode. The center electrode extends
through a porcelain insulator that is supported by a
circular metal shell. The side electrode protrudes from
the edge of the metal shell and is positioned so that a
gap exists between it and the center electrode. The base
of the shell is threaded to allow it to be screwed into a
tapped hole in the cylinder head.

The size of the spark-plug gap depends on the
,engine compression ratio, the characteristics
of the combusti.h chamber, and the ignition
system. At one time a gap of 0.025 inch was
practically standard on all engines. However,
manufacturers now specify gaps of from 0.030
to 0.040 inch to permit more readily igniting
the increased mixtures (by weight) used in the
higher horsepower engines.

Spark plugs are designed so that the tem-
perature of the firing end is sufficiently high to
burn off carbon and other combustion deposits,
but not high enough to cause preignition and
deterioration of the insulator and electrodes.
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The temperature of the insulator depends on
the characteristics of the spark plug and on the
burning fuel in the combustion chamber. The
temperature of the burning fuel in the combus-
tion chamber varies with the engine design, com-
pression ratio, fuel-air ratio, and cooling system.
The heat absorbed by the tip of the spark plug
from the burning fuel travels up the insulator to
the metal shell, to the cylinder head, and to
the water jacket. As the temperature in the com-
bustion chamber increases, the heat absorbed by
the insulator increases. The tip of the spark plug
will have a lower temperature if the length of the
path that the heat must travel to reachthe cooling
system is short as compared to the heat transfer
when the path is long. Hence, plugs with short
paths are called COLD PLUGS; plugs with long
paths are called HOT PLUGS.

Engine manufacturers select plugs that viin
provide good performance for average operating
conditions. However, if the engine is operated for
long periods under full-load or overload con-
ditions, the standard-equipment spark plug will
operate at too high a temperature and preignition
will result. Hence, it will be necessary to install
a colder plug to carry off the heat more rapidly.
On the other hand, if the engine is operated for
long periods at part throttle, the standard-
equipment plug may tend to foul due to the
accumulation of carbon at reduced temperature,
thereby resulting in poor engine performance.
Hence, it will be necessary to install, a hotter
plug to concentrate the heat and burn off the
accumulated products of combustion. Refer to
the manufacturer's specifications for spark plug
gap clearance.

Transistor Ignition System

A knowledge of transistors will be necessary
for the understanding of the transistor ignition
system which follows. It may be helpful to review
chapter 13 before going on in this chapter.

The transistor ignition system is a relatively
new development. The output of the conventional
ignition system is limited to the amount of current
in the primary circuits Approximately 5 amperes
can be carried in the prixriAry_cirsuit-md-still--,---Therer-
maintain reasonable distributor 'contact point
life. This is because the contact points will arc
and burn if more current is interrupted. Pe."'
the transistor ignition system has not be.. I
used in the Navy, only a brief discussion is pi.
this chapter. At present the shipboordeleari,!laa

is seeing more and more equipment such as volt-
age regulators and motor controllers using tran-
sistors and other solid-state devices. Figure 15-8
is a typical Jontaot controlled transistor ignition
system. The only differences between this and a
conventional ignition system are the transistor
amplifier, a special ignition coil, and the two
resistors R3 and R4. The conventional distributor
is used without any modification. Basically this
system operates in the following manner.

When the ignition switch (fig. 15-8) is turned
to the start position (assume the distributor
contacts are closed) it bypasses resistor R-3
(to give maximum voltage airing cranking) and
current enters the amplifier and flows through
the resistor R-2, the transistor TR1 the re-
sistor R-1, the distributor contact points and to
ground, the primary of the ignition -coil and
resistor R-4 to ground. As soon as the engine
turns over and the distirbutor points open, in-
terrupting the flow of current through the emitter-
base of the transistor (marked E and B in
figure 15-8), the transistor immediately "shuts
off" the emitter-collector current (marked E
and C). The flow of electrons in this system is
indicated by the solid and dashed arrows on
figure 15-8. The dashed arrow indicates the flow
of the control (bias) current, the solid arrow the
collector current. When the transistor isforward
biased, as this one is when the disc tutor points
are closed (the base is negative Rai the emitter
is positive), the electrons flow as indicated by
the arrows. When the distributor points are open,
the base becomes positive and electron flow stops.
When the emitter-collector current stops, the
collapsing field of the primary of the ignition
coil induces a high voltage in the secondary of the
coil' and this high voltage is fed via the dis-
tributor rotor to the proper spark plug. This
procedure is repeated each time the distributor
control points open and close. In this system the
distributor contact points are carrying only a very
small current to control the transistor (turn it.
on and off), thus contact HA is greatly increased.
At the same time the ignition coil is carrying
a higher primary current than is possible on a
conventional system, thus a higher secondary
voltage output and a better spark for improved
ignition.

are-severarlanifs- transistor ig-
nition systems. They' may vary in design but
their operating principles are similar. The main

,nce is that in some systems the tran-
L iv triggered by a magnetic pulse generator

a special distributor instead of by contact
!Joints.
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Figure 15-8.A typical contact controlled transistor ignition system:

If you ever need to make repairs to a tran-
sistor ignition system, consult the manufacturer's
manual and trouble-shooting chart. In these sys-
tems, one flash of. current in a reverse polarity
may damage some parts of the systeni beyond
repair.

Air Heaters

Ignition in a diesel engine is accomplished
by a combination of. fuel injection and compres-
sion. Diesel engines normally require a longer
cranking period than gasoline engines, and at
low ambient temperatures they are more dif-
ficult to start because the heat of 'compression
may not be sufficient to ignite the fuel-air mix-
ture. Therefore, at low temperatures it is

77.251

necessary to preheat the enghle by means of an
electric air heater, or to jfurnish an auxiliary
low-ignition temperature fuel during the starting
period by means of a pressure primer system.

The glow-plug and grid-resistor type heaters
are not used extensively because of the heavy
load imposed on the starting battery at the time
that the-cranking-motor is heanc

The flame primer (fig. 15-9) is the most
widely used type of air heater for preheating
diesel engines when starting at low temperatures.
It is essentially a small, pressure oil burner with
electric ignition. The fuel oil is sprayed into the
engine air-intake manifold with a manually Op-
erated pump, and ignited by means of a spark
plug, ignition coil, and vibrator. The device
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al

consists of two' assemblies. 'One unit contains
the burner, ignition coil, and vibrator. The other
unit comprises the ,pressure pump and ignition
switch: The principal advantage of the flame
primer is that it imposes a. negligible load on
the starting battery.

BATTERY CHARGING SYSTEMS

In order to maintain the battery in a fully
charged condition, it is necessary that the disr
charge current be balanced by a charging cur-
rent supplied from an external source, Such as
a battery-charging generator or a battery -
charging alternator. If ,the discharge current
exceeds the charging current for an appre,ciable
period, the battery will gradually lose i ge
and then will not be capable of eying`` the
necessary current to the electrical system.

D-C GENERATOR

The d-c' battery charging generators are rated
according to the particular application, and are
designed for clockwise or counterclockwise ro-
tation. They are supplied for use with either a 69,
12-, or 24-volt system.

The ungrounded generator (fig. 15-10), very
often has one end of the field circuit connected
internally to terminal A- and the other' 'end
connected externally through terminal F and the
voltage regulator to terminal A+. In the un-
grounded system the circuits are completed
through a return ungrounded wire.

REGULATOR CONTACTS

_ 77.152
Figure 15 -10. Battery - charging ungrounded

d-c shunt generator (heavy duty).

Shunt generators require some form of reg-
ulation to control the output current and pre-
vent the generator from exceeding its maximum
rated voltage when the speed increases.

Regulators operate on the principle of in-
serting a control resistance in series with the
generator field circuit to reduce the voltage and
output of the generator .as required by the op-
erating conditions. Generators are classified
as externally grounded, internally grounded, and
ungrounded according to the system used to
connect the control resistance in the fieldcircuit.
Ungrounded generators use HEAVY DUTY reg-
ulators.
CURRENT AND VOLTAGE
REGULATOR (HEAVY DUTY)

The current and voltage regulator (fig. 15-11), is a
three-unit regulator designed for use with the
ungrounded shunt generator. It consists of a cutout
relay, voltage regulator, and current regulator.

The internal wiring is similar for all regu-
lators of this . type, except that the internal
connections vary according to whether the reg-
ulator is designed for use with a grounded (one-
wire) system or an ungrounded(two wire) system.

Cutout Relay

The cutout relay (fig. 15-11) has a slruit coil and a
series coil assembled on one core. The shunt soil and
resistor RI comprise a series circuit that is connected
across the generator so that generator voltage is
impressed on this circuit at all times. The series coil is
connected in series with the ch g circuit so that the
generitor output passes throw it. When the generator ,
is not operating, the armature is held away from the
core bathe tension of a coil spring so that the contacts
are open and the circuit is incomplete between the
generator and battery.

When the generator is operating and volt-
ageage reaches the value or which the t relay
.is adjusted, the m etic field produ d by the
shunt coil overcome the spring tension andpulls
the armature toward the core to close the contacts
of the cutout relay and complete the circuit
between the generator and the battery.

If the generator slows down, or stops, and
the, voltage 'decreases to a value less than the
battery voltage, a reverse current will flow
through the series coil. When the reverse current
increases to the value for which the cutout relay
is adjusted; the spring tension overcomer the
.magnetic field and pulls the armature away from
the-oore to open the contacts and open the circuit

.
betweep the generator and the battery.

15-15
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0 0 SHUNT WINDING

WM Ma

#1111=1

Figure 15 -11. Three -unit current and voltage regulator (heavy duty) wiring diagram.

Voltage Regulator

The voltage regulator (fig. 15-11) has a shunt coil
and a field current coil assembled on one core. The
shunt coil and resistor R2 comprise a series circuit that
is connected. across the generator, thereby placing
generator voltage across this circuit at all times. The
field-current coil is connected in series with the
generator field circuit when the current regulator con-
tacts are closed so that field current passes through it.

When the generator voltage is low, the arma-
ture is held away from the core by the tension of a
coil spring so that the contacts are closed and the
resistance is shorted out of the generator field
circuit, permitting the generator voltage to in-

; crease. The external field circuit connection to
the generator armature by way of the regulator
(when both the current-regulator and voltage-
regulator contacts are closed) is from terminal F
of the generator to the field terminar of the regu-
lator, through the field-current coil and contacts
of the current regulator, through the field-currerit
coil and contacts of the voltage regulator, to the
armature terminal of the regulator, and back to
terminal A+ of the generator.

When the generator is operating and the
voltage reaches the value for which the voltafte
regulator is adjusted, the magnetic field pro-
duced by the shunt and field-current coils over-
comes the spring tension and pulls the armature
toward the core to open the contacts of
voltage regulator. This action inserts parallel

77.155 .

resistors R3 and R4 in series with field oircu4
to reduce the generator field current andioltagd.' -*
The external field circuit connection to the gen-
erator armature by way of the regulator (when
the voltage regulator -contacts are open) is from
terminal F of the generator to field toil anal,
of the regulator, through parallel nasistors
and R4, to the armature terminal of regUlatoil
and back, to terminal Al. of the generate
Current Regulator

The current regulator i.1) has a series coil
and a field-current cot asse:nticd on one core. The.
series coil is connected in series with the charging circuit
when the cutout relay contacts are 'closed so that full
generator output passes through it. The field-current
coil is connected in series with the field circuit when the
current-regulator contacts are closed (assuming that the
voltagIf regulator contacts are also closed) so that field
current flows through it.

the generator voltage is low, the
armatu is held away from the core by the
tenSio of a coil spring so that the contacts are
close and resistors R3 and R4 are shorted .
out of e field circuit to permit the field current
and nerator output to'increase. The external
field circuit connection to the generator armature
by way of the regulator (when both current-
regulator and voltage-regulator contacts she
closed) is from terminal F of the generator
to the. field terminal of the regulator, through
the field-current coil and contacts of the current

45-16___
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regulator, through the field-current coil and con-
tacts of the voltage regulator, to the armature
terminal of the regulator, and back to terminal
A. of the generator.

When the generator is operating and the out-
put reaches the value for which the current reg-
ulator is adjusted, the magnetic field produced
by the series and field-current coils overcomes
the spring tension and pulls the armature toward
the oore to open the contacts of the current
regulator, This action inserts the effective paral-
lel combination of resistoril R3, R4, and R5
in series with the field circuit to reduce the
"generator output. The external field circuit con-
nection to the generator armature by way of the
regulator twben the current regulator 'contacts
are open and the voltage regulator contacts are
closed) is from terminal F of the generator to
the field terminal of the regulator, through re-
sister R5, and the field cur I and contacts
of the voltage regulator, in p with resistors
R3 and R4, to the armatu terminal of the
regulator, and back to terminal A+ of the
generator.

AC GENERATOR

A belt-driven alternator Is being used on oer -
tain small boats with large electronic loads. The

syste
re
ba

t

using a three-phae alternator and
ng its a-c output to charge the boat

ries and supply the d-c loads is comparable
to = system. found on mrslern automobiles (fig.
15-12). The alternator has several advantages
over the d-c generator,. it is smaller in size
than a comparable d-c generator, requires less
maintenance, and supplies charging current at
idling speeds. In systems using d-c generators,
the output voltage is normally too low at idle
or low speeds to supply charging current.

The three-phase a-c output of the stator is
fed to a rectifier bridge consisting of six silicon
diodes.

The silicon diodes are normally located in
the end-bell of the alternator. The rotor of the
.alternator has one coil and two six-fingered rotor
halve. and in effect is a twelve-pole rotor. Direct
current (for field excitation) is supplied to the
rotor coil through a pair of brushes and slip rings.

The electrical ecpaipment is designed to op-,
e rate at a specific voltage irrespective of the
speed of the engine (prime mover) and the al-
ternator.
Regulator

The alternator's regulator (fig. 15.12) controls the
d-c output. It consists of the ( I) load relay, (2) voltage
regulator, (3) current limiter, and (4) feed-through
capacitors to prevent radio interference.

14....... AWN/MAYON --.40-,..-IIICTIIICR VOLTA0C *tomcat +cu*1 LOA O _____CCDI TRU.4. t:-1 RELAY-1PCITOR1-1
I
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Figure 15 -12, Schematic wiring diagram of a typical automotive type alternator and
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LOAD RELAY.-The load relay acts as a switch to
connect-the battery to the alternator system when the
engine is running, and to open the dm'. when the
engine is not in operation. The load rela, perated by
the ignition switch when a gasoline engit,-, is employed
such as in an automobile. On an automobile when the
ighition switch (fig. 15-12) is turned ri, it connects the
load-relay coil to the battery and the ck. ,tarts close.

When a diesel engine is used, the load relay
may be energized through a pressure switch in
the fuel oil line.

The regulator controls the alternator field strength
and thereby regulates the output voltage (fig. 15-12).
The point resistor and contacts are connected in series
with the alternator rotor d-c field coil. The voltage
regulator (VR) coil and its ballast resistor are series
connected across the d-c output terminals (GND) and
(G) of the rectifier via the CL coil. Therefore, any
variation in output voltage will change the magnetic
strength of the VR coil.

When the alternator speed is low and/or
the electrical load is heavy, the VR coil will
cause the VR armature to vibrate on the upper
contact. This action periodically inserts the
point resistance in the field circuit to control
the output voltage. This condition is called top
contact operation.

When the alternator speed is high and/or
the load is light, the VR armature vibrates on
the bottom contact and periodically inserts a
direct short which shorts out the entire d-c
field coil of the alternator. This action inter-
mittently weakens the field magnetism suf-
ficiently to hold the output voltage to the proper
value for this load and speed condition.

CURRENT LIMITER. -The current limiter protects
the alternator and rectifier by limiting the current
output of the alternator (fig. 15 -12). The current limiter
(CL) coil is connected in series with the negative
terminal of the rectifier and the load circuit. When the
current exceeds the rating of the alternator, the CL coil
will cause the CL armature to vibrate and insert enough
point resistance intermittently In the d-c field to limit
the output current to the proper value.

On 6-volt regulators of this type, a tem-
perature compensator is used to adjust the
voltage regulator action to different tempera-
tures. The temperature compensator consists of

a bimetalic strip, located at the spring end of
the VR armature. When the temperature changes,
the bimetallic strip bends thereby causing a
change in the armature spring pressure.

ELECTROHYDRAULIC STEERING GEAR

The steering gear is one of the most vital
auxiliaries aboard ship. It must be thoroughly
dependable and have sufficient capacity for max-
imum maneuverablility. The types of steering
gear listed in the sequence of their development
are the (1) steam, (2) electromechanical, and (3)
electrohydraulic 'types. The electrohydraulic
steering gear was developed to meet the exces-
sive power requirements of naval vessels having
larger displacements and higher speeds with the
attendant increase in rudder torques.

CONSTRUCTION

The majority of steering gear installations in
new construction naval vessels are of the elec-
trohydraulic type. The electrohydraulic steering
system installed in one class of destroyer escort
(fig. 15-13), consists essentially of (1) a ram
unit (2) a power unit, and (3) the remote control
unit (not shown).

Ram Unit

The ram unit is mounted athwart ship and con-
sists of a single ram that operates in opposed
cylinders, The ram is connected by links to the
tillers of the twin rudders and is moved by the
oil pressure built up in either of the cylinders,
the oil from the opposite cylinder flowing to the
suction side of the pump.

The tie rods that connect the two cylinders
also serve as guides for a sliding crosshead
attached to the ram to prevent the ram from ro-
tating. The crosshead also provides mechanical
limits to the ram travel at 42° of rudder angle.
At this position the crosshead contacts copper
facing on the stop collars and prevents further
movement.

A rack is attached to the ram and engages
two gears, the rotation of which is transmitted
to the respective differential control boxes
through the followup shaft.

15-18
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Figure 15-13. Electrohydraulic steering gear.

main relief valves. Each main pump is stroked
through a rotary servocontrol.

the power unit consists of two pumping sys-
tems, which include two motor-driven pumps,
two 4-way transfer valves with operating gear,
relief valve, two differential control boxes, two
"trick" wheels, and a hand emergency gear all
mounted on a bedplate, which is the top of an
oil reservoir. Steering power is derived from
either pumping system acting alone. The system
not in use serves as a standby souroe in case of
emergency.

The two pumps (port and starboard) are iden-
tical in size and design, and are of the variable
delivery axial piston type. Each main pump unit
includes a built-in vane type servo pump, pres-
sure control and replenishing valves, and two
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27.82

Each pump is driven by a 20-hp, 1200-rpm,
440-volt, 3-phase, 60-hertz induction motor
through reduction gears and a flexible coupling.
A disk type electric brake which is automatically
set when deenergized, is provided on each motor.

The pumps of the power unit are connected
to the ram cylinders by a high pressure piping
system. The two 4-way transfer valves are in-
terposed :n this piping, and their positions de-
termine which pump is connected to the cylinders
in the ram unit. The hand lever, which moves
both valves simultaneously, is located on the
power unit between the "trick" wheels; and has
three latched. positions. The latched positions are
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marked P, N, and S, which denote port pump
connected, neutral (ram locked), and starboard
pump connected, respectively.

The transfer valvos, which are of the ported
piston type, are mounted on the power unit bed-
plate between the motors. When the valves are
in the neutral (RAM LOCKED) position, the ports
of the pipes to the ram cylinders are blocked,
and the two pipes from each pump are connected
through ported passages in their respective
valves. If either or both pumps are started and
put on stroke, oil will circulate through the valve
and back to the pump. Movement of the transfer
valves in either direction connects the selected
pump to the rain cylinders, and the opposite
pump remains bypassed.

The drain pipes from the ram cylinders lead
to the reversible hand pump, which provides a
means for emergency steering under limited
rudder torques. The relief valve in the emergency
steering system is set at 500 psi. The oil flow
is through pilot-operated blocking valves that
prevent the ram from overhauling the pump and
kicking back the handles. Whsn moving the ram
with the hand pump, the main transfer, valves
must be set in the RAM LOCKED position and
the drain valves beneath the cylinders must be
open.

The mechanical differential control box serves
to correlate the signal from the ram followup
assembly and from the steering control system
into a single order to the hydraulic pump.

The stroking lever and output shaft on each
differential control box actuate a rotary servo
valve that controls the associated main pump
on the power unit. In response to movements
transmitted through the control box, the pump
discharge is varied between zero and maximum,
and in either direction of flow.

In normal steering from the pilot house, a
synchro transmitter is turned by the steering
wheel. This synchro transmitter is electrically
connected to a synchro receiver in the steering
gear room. The synofiro receiver is geared to
the LOWER bevel gear in the differential control,
unit, and its rotation is transmitted through
gearing to a cylindrical ,cam. A follower roller,
which engages a groove in the cylindrical cam,
is mounted on an arm keyed to the output shaft
of the control box.

For example, assume that the rudder is
amidship and it is desired to obtain 20° right
rudder. The rotation of the lower bevel gear

causes rotation of the cylindrical cam, which,
in turn, imparts a motion to the servocontrol
valve through the cam roller. This motion of
the servocontrol valve puts the pump on stroke.
Oil pressure is then applied in the port cylinder,
forcing the ram to starboard to give right rudder.

A rack, attached to the ram, rotates the follow-
up shaft, which is geared to the UPPER bevel
gear in the differential control unit. The move-
ment of the ram and rudders (in response to
the stroking of the pump) causes the upper bevel
gear to rotate in a direction opposite to that of
the lower bevel gear. This action rotates the
cylindrical cam in the opposite direction, tending
to cancel the movement of the control input and
bring the servocontrol valve back to the neutral
position to return the pump stroke to neutral and
stop the pumping of oil.

Thus, the rudders are of 20° right rudder, the
cam is returned to neutral, and the pump is
returned to zero stroke until further movement
of the steering wheel causes repetition of the
cycle. The same sequence occurs if the control
is from the trick wheel in the steering com-
partment.

An engraved dial, graduated in rudder de-
grees, is mounted on top of the differential
control box. Two concentric pointers (one geared
to the control pump input and the other geared
to the rudder followup) indicate the positions of
the helm and rudders, respectively. A helm-
angle synchro transmitter, also mounted on the
differential control box, actuates a synohro re-
ceiver in the steering console in the pilot house.
This receiver positions a pointer to indicate to
the helmsman the angle that is ordered rather
than the actual rudder angle. The ordered angle
is called the helm angle.

Remote Control System

The remote control system provides control
from the pilot house for normal steering. This
system consists of a synchro transmitter mounted
in the steering console and a synchro receiver
mounted on each pump differential control box
(port and starboard). A cable selector switch
in the pilot house and a similar switch in the
steering compartment permit a choice between
the port or starboard steering cables. The
selection of the control cable is made by the
operation of the cable selector switches in the
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pilot house and in the steering gear room to the
desired (port or starboard) position.

The synohro- receiver selector switch in the
steering gear room is then set to connect the
synohro receiver, on the active power unit, to
the steering console synchro transmitter. The
rotary motion of the synohro receiver is trans-
mitted through gearing to the input of the dif-
ferential control box (stroking mechanism
previously described).

The helm angle-indicator synohro trans-
mitten on the differential control boxes in the
steering gear room are electrically connected
to their associated steering - control synchro re-
ceivers. These transmitters under all conditions
of operation actuate their associated helm-angle
indicator synohro receivers in the pilot house
console through their associated gables.

The 120-volt, Single-phase power for the re-
mote control system is supplied to the steering
power panel through a 450/120-volt transformer
from the steering power transfer switchboard.

39, 440 V.

The 120-volt, single-phase power for the in-
dicator synohro transmitters is supplied from
the I.C. switchboard.

Magnetic Controller

The motor of each steering gear pump is
provided with a nonreversing aoross-the-line
starter am: a maintained-oontaot master switch
(fig. 15-14). The starter is supplied with 440 -
volt, 3-phase, 60 hertz power from the steering
power transfer switchboard located in the steering
engineroom.

The pump motor on either power unit is
started or stopped by operating the maintained-
contact pushbutton, on the associated pushbutton
station, to the desired position. When the
maintained-contact start pushbutton is pressed,
the circuit is completed to the operating coil,
M, of the line contactor. This action energizes
the operating coil and closes the contactor in the
motor starter to connect the motor to the line.

60, POWER
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Figure 15-14.Nonreversing across- the -line starter steering gear pump motor.
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The motor will continue to run until the contactor
operating coil, M, is deenergized because of loss
of voltage, tripping of the overload relay, or by
pressing the stop pushbutton.

Tie motor starter is provided with overload
and low-voltage release protection. The overload
relays are of the thermal type, similar to those
installed in the anchor windlass starter (discussed
later on in this chapter). The low-voltage release
protection is provided by use of the maintained-
contact master switch.

If the operating coil, M, is deenergized due to
failure of the line voltage or tripping of an over-
load relay, the contactor will reclose and restart
the motor when voltage is restored or when the
overload relays are reset by means of the reset
pushbutton.

In an emergency the motor can be run (even
though the overload relays have been tripped) by
holding the EM-RUN pushbutton closed with the
START pushbutton in the operated position. If the
overload condition has not been corrected, the
motor will operate only as long as the EM-RUN
pushbutton is held closed.

OPERATION

The steering gear is normally secured with the
rudders arnidship and with the transfer valve shift
lever in the neutral (N) position, which hydrauli-
cally locks the ram and rudders.

To operate the port power unit, using the
port steering cable:

1. Set the valves and plug cocks of the hy-
draulic system in accordance with the operating
diagram for the steering gear for normal power
operation.

2. Set the transfer valve shift lever in the
neutral (N) position.

3. Press the start pushbutton to start the
port pump motor.

4. Engage the trick wheel and turn it until
the helm indicator (pointer) corresponds wi h the
rudder angle indicator.

5. Move the transfer valve shift leve to the
PORT (P) position to connect the port pump unit
to the ram,

8. Close the port and starboard circuit
breakers on the 120-volt steering power panel to
energize the synchro receiver selector switch
and the cable selector switch in the steering
gear room.

7. Turn the synchro-receiver selector switch
and the cable selector switch (in steering gear
room) to the PORT positions.

8. Turn the cable selector switch (in pilot
house) to the PORT position to energize the remote
control synchro transmitter to steer from the
bridge.

9. Disengage the trick wheel on the port unit
and engage the trick wheel on the idle (starboard)
unit.

To shift from the port power unit, using the
port steering cable, to the starboard power unit,
using the starboard steering cable:

1. Press the start pushbutton to' start the
starboard (idle) pump motor.

2. Notify the pilothouse to keep wheel motion-
less during change of units.

3. Allow rudder angle indicator to line up with
helm indicator; then operate the transfer valve
shift lever to the starboard (S) position to connect
the starboard pump to the ram. Transfer the
remote control from the port to the starboard unit
by operating the synchro-receiver selector switch
(in steering gear room.)

4. Transfer the cable selector switch (in
steering gear room) and cable selector switch (in
pilot house) to the STARBOARD positions.

5. Disengage trick wheel and steer from the
bridge.

8. Press the stop pushbutton to stop the port
motor and engage the trick wheel on this unit.

To steer from the trick wheel:
1. Select the power unit to be used and follow

the procedures describedpreviously for operating
the port power unit.

2. Engage the trick wheel of the selected
power unit.

3. Deenergize the remote control system by
operating the synchro-receiver selector switch in
the steering gear room to the OFF position.

4. Steer the ship as directed from the bridge.
To operate by hand. emergency et_ :

1. Set the valves and plug cooks of the hy-
draulic system in accordance with the operating
diagram for the steering gear for hand steering.

2. Set the transfer valve shift lever in the
NEUTRAL(N) position.

3. Crank the hand pump in the proper direction
until the desired rudder angle is obtained,

When the hand pump is used for emergency
steering, the ship's speed and rudder angles
must be controlled so that the pressure" in the
ram cylinders will not exceed the settinrof the
relief valve, which is installed in the emergency
steering system.
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To secure the steering gear when steering
under power operation:

1. Request the pilothouse to put rudders
amidship or use the trick wheel for this purpose.

2. Operate the transfer valve shift lever to
the NEUTRAL (N) position.

3. Deenergize the remote control system by
turning the synchro-receiver selector switch and
the cable selector switch (in the steering gear
room) and the cable selector switch (in the pilot
house) to the OFF positions. Open the port and
starboard circuit breakers on the 120-volt steer-
ing power panel.

4. Stop the pump motor by pressing the
associated STOP pushbutton.

The maintenance of the steering gear must
be in accordance with the instructions contained
in the manufacturers' technical manuals for the
equipment installed aboard your ship.

WINCHES

Winches are installed on ships for a variety
of rope and line operations: types of winches
installed vary according to the equipment to be
handled and the kind of power available on the
ship. Winches are classified by both type and
drive. There are two general types of winches,
drum and gypsy.

DRUM AND GYPSY

The drum type winch may have from one to
four horizontally mounted drums on which wire
rope is wound for raising, lowering or pulling
loads. The drum winch may also include one or
two gypsy heads. If only one gypsy head is re-
quired, the design of newer winohes is such as
to permit ready removal of the gypsy-head and
reassembly on the opposite end of the drum shaft.
Drum winches may be driven by eleotrio motors
(a-o or d-o) eleotrohydraulio drive, steam, air,
gasoline engine, or by hand.

The gypsy winch has one or two horizontally
mounted gypsy heads around which several turns
of line must be taken to prevent slippage when
snaking or Mating a load.

Gypsy winches are driven by electric motors
(a-o or d-o), steam, or air, It is not possible
to cover all the various winches therefore cov-
erage is given on a representative winch as
found on many auxiliary ships.

Winches on numerous auxiliary ships are
often referred to as deck winches or cargo
winches (fig. 15-15). This is a combination
drum and gypsy type winch.

SPEED CONTROL CLUTCH LEVER ELECTRIC BRAKE

DRUM BRAKE . DRIVE MOTOR

GYPSY HEAD

DRUM DRUM BRAKE LEVER

80.149
Figure 15-15.A simplified representative

winch.

Electric Windlasses

Electric windlasses are powered by an eleotrio
motor which drives a wildoat(s) and head(s)
directly through suitable reduction gearing. The
electric power for the motor is either alternating
current or direct ourrent.

Destroyers are provided with a direct motor-
driven windlass with a single wildcat mounted
vertically and a working head located above the
wildcat and keyed to the vertioal shaft, This
system is discussed in more detail later.

Cargo ships, transports, and auxiliary ships
are generally provided with horizontal shaft,
,self - contained, eleotrio drive windlasses with
the motor and reduction gearing located, on the
windlass bed plate on the open deck: These
windlasses have combined faoilities for anohor
handling and warping and consist of two de-
olutchable wildoats on the main shaft and two
warping heads on the shaft ends, all driven
through suitable reduotion gearing by the eleotrio
motor.

Tthe motors are reversible, variable speed,
230-volt d-o and are provided with mVietlo
brakes to hold the load in case of poweffailure
or under service conditions. Controls are of
dual magnetic) type to provide both straight re-
versing charaoteristics for warping and dynamic
lowering oharacteristios for anchor handling.
Transfer switches allow selection of the proper
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characteristics. When used for anchor handling,
the control usually provides five speeds in each
direction with adequate torque in hoist directions
and dynamic braking in all lowering points. For
'warping, the control characteristios are sub-
stantially identical in both directions. A single
controller master switch is provided and located
on deck adjacent to the windlass.

Electric-Hydraulic Windlasses

Electric-hydraulic windlasses are installed
on ships having alternating current power supply.
They are particularly adapted for anchor handling
with its varying load conditions due to the wide
range of speed and torque characteristics
afforded. The hydraulic drive was to
overcome all the operating and installation ob-
$otions inherent with either steam or direct
electric driven windlasses. The electric hydraulic
windlass drive is similar to the eleotrio drive
except, instead of having the electric motor
°coupled direct to the reduction gearing, the power
is transmitted from the eleotrio motor through a
variable stroke hydraulic transmission to obtaina
wide range of output shaft speed.

The electric motor for a hydraulic windlass
is usually a single-speed, squirrel-cage type.
Electric control is required only for lightstarting
duty as the motor is started Under no load con-.
dition. The motor is direct coupled to the pump
unit of the hydraulic transmission also known
as the A-end. Fluid under pressure is delivered
from the A-end to the hydraulic motor unit,B-end,
through piping. The B-end is coupled to a suitable
reduction gear which. drives the windlass shaft.

Windlass speed is determined by varying the
stroke of the pump A-end. This is done by control
handwheels, located on the weather deck and at
the pump. These handwheels also control the di-
rection of rotation of the windlass and are suitably
marked. The stroke at which the A-end is set
determines the quantity of hydraulic fluid de-
livered to the B-end, which in turn determines
the speed at which the B-end rotates as its
.displacement is constant.

The power plant of a typical hydraulic wind-
lass installation for large combatant or auxiliary
vessels consists of two units. Each unit com-
prises a constant-speed, horizontal, squirrel-
cage, eleotrio motor driving a variable stroke
hydraulic pump through suitable reduction gear-
ing. The electric motors are provided with mag-
netic brakes designed to hold 150 percent of the
motor-rated torque and to set on lOss of power
to prevent the anchor dropping in case of power

failure. The power units are arranged, port and
starboard, in the windlass room. Normally the
port unit drives the port windlass half, and the
starboard unit, the starboard half. Transfer
valves, however, are provided in the oil lines
which, when properly set, allow the port power unit
to operate the starboard windlass, and viceversa.
DESTROYER ANCHOR WINDLASS

Anchor windlasses are installed on ships
primarily for handling and securing anchor and
chain used for anchoring the ship, In addition,
moat windlasses are provided with capstans or
gypsy heads for handling line and for mooring
and warping.operations.

Thu anchor windlass installed aboard
destroyers consists of a two-speedmotor directly
connected through reduction gears to a vertical
shaft on which are mountc,d a capstan and a
wildcat (fig. 15-16). The capstan and wildcats
are located on the weather deck, and the electric

FRICTION MANI
NAOMI/NHL

(MEATH! magi

FRICTION ARAN!
NANOWIII1L

IWINOLASS BONI

CAPSTAN

.-WILCO AT

l'ulcATIacm"

Locwoolo.

CONTROLLIO TOROU1
COUPLINO

PSISIO
MOTOR

,.

LUBRICATION
OIL NISINVOIN

PLUMB IEL.
COUPLINO

NIOUCTION room muIBIAR CASINO

Figure 15 -16. Anchor windless.
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motor and the across-the-line starter are lo-
cated in the windlass room on the next deck
below. The windlass is designed to °parsee in
both directions to raise or lower either the
starboard or port anchor. Only one anchor or
ohain may be raised or lowered at any one time;
the other is shackled to the deck.

Construction

The windlass is driven by a two-speed (full
speed and one quarter speed), 3-phase, 440-volt,
60-hertz motor connected to the reduction gear
by a controlled torque coupling. The controlled,
torque coupling is provided to prevent undue
stresses when the anchor is being housed. In
all oases the anchor should be housed by shifting
the drum master switch to the low speed position
before the anchor enters the hawsepipe.

An electric brake, mounted just below the
controlled-torque coupling, will release when
power is applied and will set when power is
disconnected or fails. The electric brake is
designed to stop and hold 150 percent of the
rated load when the anchor and chain are being
lowered at miadmum lowering speed, in the event
of power failure.

The wildcat is designed to hoist one anchor
and 60 fathoms of 1-14-inch dielock chain in
not more than 10 minutes on the high speed
connection without exceeding the full-load rating
of the motor. On the low-speed connection- the
wildcat is designed to hoist the anchor and 60
fathoms of chain without overloading the motor,
and to exert a pull on the chain at least three
times that required to hoist the anchor and 60
fathoms of chain.

The capstan is designed to heave a 6-inch
circumference manila line at a speed of 60
feet per minute with a line pull corresponding
to the full-load motor torque.

The capstan hand is keyed directly to the
drive shalt while the wildcat is connected to
the drive shaft throulih a driving head and a
looking head, The wildcat is keyed to the driving'
head and the locking head is keyed to the drive
shaft. Vertical blocks sliding in slots in the
looking head are raised (by the looking hand-
wheel) into slots in the driving head to oonneot
the two heads. The mechanism is called the
looking gear. The wildcat and sleeve run free

on the same shaft until connected to the shaft
by a locking head located below the weather deck.
The capstan can be run independently for warping
by disconnecting the looking head and holding
the wildcat by means of the brake band on the
brake drum. The handwheel can be pinned in the
LOCKED or UNLOCKED positions and should
always be fully looked or fully unlocked.

A handbrake is provided on the wildcat shaft
to control the anchor handling. It is designed
to operate in either direction of rotation of the
wildcat and to stop and hold the anchOr when
dropped from a depth of 45 to 60 fathoms. The.
brake is operated by means of a handwheel
located on the weather deck and a duplicate
handwheel in the windlass room.

Operation

The windlass is operated by a drum master
switch on the weather deck and a duplicate switch
114 the windlass room. It iiimportant to remember
that if the windlass is run with the locking hand-
wheel in the LOCKED position, the wildcat will
revolve. In this case, if the chain is engaged
in the whelps on the wildcat, the chain should be
free to run. Exercise oars to select the proper
direction of rotation and be certain that the
windlass is properly lubricated.

The motor can be operated from either master
switch No. 1 (on the weather deck) or from master
switch No. 2 (in the windlass room) but master
switch No. 1 predominates. When the associated
on-off switch located on master switch No. 1
is operated to the ON positions master switch
No. 1 takes over the control from master switch
No. 2 (if both switchet are operated simul-
taneously).

The anchor windlass is used alternately to
handle either the starboard or the port anchors.
The windlass is operated by a reversible motor
in either of two directions. These directions may
be hoist for the starboard anchor (lower for
the port 'anchor) and hoist for the port anchor
(lower for the starboard anchor),,However, only
one .anchor can be handled at a time.

The motor starter (fig. 16-17) is equipped
with four thermal overload relays to protect the
motor against overloads. Overload relayis 1SOL
and 2SOL are in the slow-speed motor circuit
and overload relays 1FOL and 2FOL are in the
fist-speed motor circuit. If an overload occurs
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in the slow-speed or fast-speed circuit, the SOL
or the FOL relays will operate to trip the slow-
speed, S, or the fast-speed, F, contactors re-
spectively. The motor can be operated in the
event of an emergency by holding either of the
EMERG-RUN pushbuttons down and operating the
master switch in the usual manner. To reset the
overload relays, press the OVERLOAD RESET
pushbuttons in the event of an overload or voltage
failure. The master switch must be returned to the
OFF position to restart the motor.

To start the motor in the port(hoist) direction
for slow speed by master switch No. 1, operate
the associated on-off switch on the ON position
and move the controller handle forward to the
SLOW PORT (hoist) position. This action closes
contacts MS11 momentarily to energize the op-
erating_coil of relay CR1 and to close its contacts
CRia to provide a holding circuit for relay CR1,
and to open its normally closed contacts CFtld
to prevent operation of relay CR2 at this time.
At the same time, contacts CR1b close to prepare
the circuit to controller contacts MS12 and MS13,
and contacts CRlo close to prepare the circuit
to ontroller contacts MS14 and M515.

n the controller handle is moved further
toward the SLOW PORT position, contacts MS11
open; 6Qntroller contacts MS12 close to energize
the operating coil, P, and close the port contactor
in the motor starter; also, contacts, Pa, close to
provide the circuit to the motor brake relay, BR.
At the same time, controller contacts MS14 close
to energize the operating coil, 8, and close the
slow-speed contactor in the motor starter. Con-
tacts Sa close to energize the brake relay, BR,
and close its contacts to release the motor brake.
Also, the normally closed contacts, Sb (in the
circuit to the operating coil, Fi of the fast-speed
contactor), open. The motor is now connected for
hoisting the port anchor at slow speed.

When the controller handle is moved further to
the FAST PORT position, contacts MS15 close and
contacts M814 open. Contacts MS15 close before
oontacte M514 open so that the operating coil, 5,
is kept energized through the normally closed
contacts, Fb. When contacts M814 open, operating
coil, 5, deenergizes and closes contacts Sb to
energize the operating coil, F. This action opens
contacts Fb to deenergize the operating coil, S.
and open the slow speed contactor. When the
slow -speed contactor opens, contacts Sb close to
complete the circuit to the fast-speed contactor in
the motor starter. The motor is now connected for
hoisting the port anchor at fast speed.

To hoist the starboard anchor, the same se-
quence occurs. except that controller contacts
MS13 energize the operating coil, ST, to close the
starboard contactor instead of controller contacts
M512 energizing the operating coil, P, to close the
port contactor.

U it is desired to operate the motor by master
switch No. 2, operate the associated on-off switch
to the ON position and,move the controller handle
to the PORT or STARBOARD SLOW position.
This action closes contacts MS21 momentarily
to energize the operating coil of relay CR2 (if
relay CR1 is not energized). The sequence of op-
eration for -master switch No. 2 is the same as that
for master switch No. 1, except that contactors P,
ST, 5, and-F are energized through the CR2 con-
tacts instead of through the CR1 contacts. Master
switch No. 1 can be locked out by turning the
selector switch to the No. 1 LOCKED position. In
this position the selector switch opens the circuit
to relay CR1 and prevents its operation.

Maintenance of the electrical components of
the anchor windlass should be in accordance with
the instructions listed in chapter 8 of this rate
training manual. More detailed information con-
cerning the maintenance of this equipment is con-6
tamed in the manufacturer's instruction books
furnished with the specific equipment.

ELEVATORS

The elevator installations aboard aircraft
carriers usually consist of hydraulic or electric
types for airplane elevators and eleotrohydraulic
or electromechanical types for freight, mine,
bomb, torpedo, and ammunition elevators.

We will discuss the electric and electro-
hydraulic elevators, and the electronic control
system of some elevators.

ELECTRIC (ELECTROMECHANICAL)
ELEVATORS

The platform on electric elevators is raised
and lowered by groups of cables which pass over
sheaves and then to the hoisting machinery drums.
The hoisting drums, coupled together, are driven
through a reduction gear unit by an electric motor.

The motor is of the two-speed type. The control
arrangements being such that the elevator starts
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and runs on the high speed connection, the low
speed being used for deceleration as the elevator
approaches the, upper or lower limit of travel.

The 2-speed electric motor is controlled
through a system of contactors, relays, limit
switches, and selector switches. Automatic op-
eration is obtained by selecting the levels between
which the platform is to run. The startpushbutton
can then be used to close contactors through
safety switches to operate the elevator at high
speed. Just before reaching the desired level, the
control transfers the motor to the low-speed wind-
ing through the action of cam-operated limit
switches. On reaching the desired level, the
control circuit is discommoted by a cam- operated
stop switch, thus releasing the contactors and
setting the brake to stop the platform.

For safety in operation, all doors at each
level are interlocked to prevent operation unless
they are closed. Also, all' hatch covers are in-
terlocked to prevent elevator operation unless
they are fully opened. The protective features
inorpirated in the control are (1) slack-cable
sw tches to prevent operation of the elevator
if 'any cable should become slack, (2) emergency
stop switches at each level served, (3) over-travel
swathes to stop the elevator if it should fail to
stop at the uppermost level, and (4) overload
protection.

Elevator controllers are designed with a
double-break feature that prevents maloperation
if any one contactor, relay, or switch should
fail to function properly. Pushbuttons are inter-
looked to prevent operation of the elevatorunless
the platform is at the same level as the pushbutton,
Some elevators are equipped with hatchway door
mechanical interlocks toprefent opening the door
unless the platform is at the same level.

A governor-actuated safety device is provided
under the platform to grip the guide rails and
stop the platform in the event of overspeed in
the DOWN direction. Also, spring bumpers are
provided at the 'bottom of the hatchway to prevent
mechanical damage to the hull or platform due to
overtravel in the DOWN direction. rl

Operation

The operation of the elevator depends on the
position of the selector switch, which determines
.between which decks the elevator will run. This

switch' also renders all master switches inop-
erative, except those pertaining to the selected
levels.

Suppose the selector switch is set in the
second platform to the third deck position (fig.
15-18). In this position the control is set up for
the elevator to operate between the second plat-
fo m d the third deok d closes contacts,

a ve sec atiorm, Contaot shorts
,9, and (The slack is

out the first platform stop pushbutton, coiled
1 places the third deck p hbutton statioT in

the circuit, and contacts 4 and short out
the first platform WN-S OP sw hes, re-
spectively. Contact places the second plat-
form pushbutton station in the circuit.

If the overtravel, sitiii:k1 cable, door switches,
stop pushbuttons, and overload relay contacts are
in their normally closed positions, the control
circuit is energized and set up for operation.

When the second platform UP pushbutton (fig.
15-18) is momentarily pressed, the UP auxiliary
relay, UR, and the UP control relay CRU are
energized. This action closes contacts CRU
and URI, which energizes the up contactor, U,
in the across-the-line starter. The UP auxiliary
relay, UR, also closes contacts UR2, (and opens
UR3) which energizes the high-speed contactor,
HS. Contactor HS applies voltage to the motor and
energizes the brake-release solenoid. The
elevator moves upward until it mechanically op-
erates the UP-SLOW limit switch located at the
third deck. Operation of the limit switch deen-
ert zes the up aualiarfrelay, UR. This action
closes contacts UR3 and energizes the LS coil,
which transfers the motor from the high-speed,
HS, to the low-speed, LS,-oontaotor. The elevator
continues upward at low speed until it
mechanically operates the UP-STOP limit switch
located at the 'third deck. Operation of the limit
switch deenergizes the up contactor, U, which
deenergizes the brake-release solenoid and op-
erates the motor brake to stop the motor. An
indicating light shows when the elevator reaches
the selected deck.

The elevator can be stopped at any time by
pressing the stop lev r at the pushbutton station
located on the seleo level, or, in this case, the
third deck. To re tart the elevator, press the

d

UP pushbutton lever at the eecond platform or
the DOWN lever at the third deck.

Id the event of an overload, one ,of the over=
load relays will open the control circuit, set
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the brake *and deenergize the motor. The over-
load relay must be reset for normal operation
by pressing the reset button that projectsthrough
the door of the enclosing case.

In the event of supply voltage failure, the
line' contactors will open and deenergize the
motor. To resume operation of the elevStor,
an UP 6r DOWN pushbutton lever must be pressed.

As mentioned before, additional protection
is provided Vough a system of series-connected
interlocks 1&,,the control circuit consisting of
door, slack ca b%, and overtravel switches. If a.
cable should become slack or if the elevator
should overtravel, the elevator can be operated
by holding in the SLACK CABLE bypass push-
button PBS, located inside the controller case,
When either one of these pushbuttons is operated,
the motor will run only on low speed.,

if an overload should occur, the elevator can
be operated (in case of an emergency) in the

SHEAVES

STEEL ROPES

30" D1AM,
HOIST
DRUMS

ELEVATOR CAR

usual manner if the EMERG-RUN lever of either --
pushbutton station is held in the depressed
position.

The up and down current control relays,
CRU and CRD, respectively, are provided to
ensure ,proper operation in the event of mal-
functioning of other relays or contactors.

ELECTROHYDRAULIC ELEVATOR

The electrohydraulic elevators use hoisting
cables and drums in much the same manner as
the electric elevator. In this system however,
the cable drums are diiven through reduction
gears by a hydraulic motor.

Raising, lowering, or speed changes are
'accomplished by varying the stroke of the var-
iable delivery hydraulic pump through differential.
gearing. Figure 15-19 shows a typical arrange-
ment scheme for operation of the electro-
hydraulic bomb elevators.
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Figure 1519. Bomb elevator power plant and control scheme.
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Control

The elevators use a followup type control
system so that the pump is put on stroke by a
pilot motor and the stroke is taken off by the
motion of the platform working on the followup
control,

On
b1me elevators the pilot motor is started

by depressing an operating pushbutton. The pilot
motor moves the pump control rsiston to the
ON-STROKE position and the eleva;Jr wcelerates
to full speed. Upon approaching the selected
level a platform mounted cam trips a slow-down
switch which deenergizes the pilot motor. Move-
ment of the platform then returns the stroke of
the pump to the neutral position and on reaching
the selected level a stop switch deenergizes
the brake solenoid to set the brake and stop
the elevator.

By reversing the direction of rotation of the
pilot motor and hence the direction of movement
of the control piston of the pump, the elevator
may be moved in the opposite direction.

Another system, where the pilot motor is a
d-c motor the speed of which is varied by a
rhee.4 type control, gives an infinite number
of p rm speeds ranging from approximately
3 tc feet per minute. In installations of this
type, a rheostat control is provided on the plat-
form and a duplicate control is provided in the
elevator machinery room.

Several methods are used for stroking the
pump for emergency operation.

BMsclutching the "followup" control system
from the control stroking unit and manually
holding in a pushbutton, thereby releasing the

t
ELEVATOR

CAM
TARGET

(

SENSING 1..
HEAD

STATIC
LOGIC
PANEL

electric motor brake to free the machinery, a
handwheel may be used to stroke the pump.
Another method is to rotate the pilot motor
armature by attaching a handwheel to an ex-
tension on the armature shaft, and thus stroking
the pump.

ELECTRONIC CONTROLLED ELEVATORS

Elevators installed on some new naval ships
use static controls (no moving parts); wherein
electronic devices perform the functions of pre-
viously used relays, contactors, and limit
switches.

The electronic controlled elevator system
components (fig. 15-20) include the elevator cam
target, the sensing heads, the static logic panels,
the motor (magnetic) controller, and a 3 -phaae
drive motor. These function as follows:

1. Elevator cam targets are steel cams or
vanes, mounted on the elevator platform to actuate
the sensing heads.

2. The sensing heads are mounted up. and
down the elevator trunk bulkhead and are used
for many elevator functions, such as slowing and
stopping, high-speed up and down stops, governing
overspeed, preventing overtravel, and door inter-
lock functions.

3. The static logic is a solid state, low
power system that performs those functions nor-
mally associated, with limit switches, relays,
and contactors (fig. 15-21). The logic modules
consists of proximity switches, signal converters,
retentive memories, reset memories, shift
registers, duo-delay timers, and pulses with ap-
propriate logic elements and circuitry.

MOTOR
(MAGNETIC)

CONTROLLER

3-PHASE
DRIVE MOTOR

(440 VAC 60 Hz)

77.289
. Figure 15-20.Block diagram of electronic controlled elevator system.

15-31



ELECTRICIAN'S MATE 3 & 2

.4 Aow% Aim

"s4,- '4" T. - 6

a e
_

am. so ma ow
U

.4-

Figure 15-21A static logic panel at the sixth level for a cargo elevator.

4. The motor controller\(fig.15-22) energizes
appropriate contactors to Odntrol the speed and
rotation of the motor.

5. The three-phase, 400 volt, 60 hertz motor
drives the elevator.

Proximity Limit Switches

Proximity switches (electronic limit-
witches) are used extensively to control elevator

77.290

movement. Basically, the proximity sWitch con-
sists of a remotely located sensing head and a
logic module that amplifies the sensingheadvolt-
age to a positive 10 volt level used by the static
logic control system. The voltage output is +10
volts when the cam target on the elevator car is
moved in front of the sensing head mounted on
the elevator shaft. The voltage output is zero
when the cam is moved away from the sensing
head (deactuated). The metallic elevator target
to be sensed must enter the sensing zone to
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4

MIL

C

77.291
Figure 15-22.A-c magnetic reversing controller for a 2-speed, 2-winding motor fox: a cargo

elevator.

create a signal. The signal strength depends
primarily on the distance between the face of
the sensing head and the target.

Operation of a proximity limit switch may be
best explained by examining the basic circuits
and components. First is the power supply (fig.
15-23), consisting of the 115/15 volt transformer,
DI, D2, Cl, R1, and R2. The voltage across D2
is used to bias the succeeding amplifier stages.
The zener diode (D2) has a breakdown voltage of
12 volts'which protects the following stages from
overvem.4es.

SENSING HEADS.The sensing heads (fig.
15-23) consists of two coils connected in series
opposition, which when energized by mutual
inductance from a third coil, are balanced by

mear... of a tuning slug. A resistor connected
in parallel with the top sensing coil is used
for positioning the sensing heads. An output
voltage is produced by the sensing head when
an elevator cam turget enters the field resulting
in an output to terminals 3 and 54

A.C. AMPLIFIER.=-,The input to the a-c
amplifier is supplied the sensing head at
terminals 3 and 5 (fig. 16-23). The sensing
head signal is amplified by three cascaded am-
plifier stages consisting of Ql, Q2, and Q3 with
suitable biasing networks. The amplifier out-
put is fed through a rectifier consisting of D3,
D4, D5, and D6. This signal is filtered by the
RC network of C11 and R18 to drive the following,
Schmitt-trigger.

15-33
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Figure 15-23.Schematic diagram of proximity limit switch.

SCHMITT-TRIGGER.The Schrnitt- trigger,
consisting of Q4 and Q5, presents a voltage.
across R23 which is used to bias the output
switch transistor Q6 to its ON or OFF state.

OUTPUT SWITCH.The proximity switch
supplies only the switching power. Proximity
limit switch terminals 6 and 8 connect to a 10
volt d-c static logic power source. This power
source is supplied at terminals 7 and 8 and the
proximity light is lit when Q6 switches to ON,
state.

When the target is in the sensing zone, the
sensing head has an output which is amplified,
rectified, and filtered, switching the output of
the Schmitt-trigger off. This turns the output
switch, Q6, (fig. 15-23) to its ON position. Thus,
with the target in the sensing zone, there is an
output and the status light LI is on.

Maintenance

As with all electrical and electronic equip-
ment, preventative maintenance must be per-
formed on a routine basis and in accordance

NOT, i19PrF
GROUND

NEG

77.292

with the Planned Maintenance Subsystem and
the manufacturer's instruction manuals. Good
housekeeping practices and routine adjustments
play important parts in the maintenance of ele-
vator controllers.

Be sure to pay special attention to the proximity
switches. Do not test the control circuitry with
a megger because the high voltage generated by
a megger can easily damage electronic com-
ponents. If a proximity switch does not pick-up
or drop-out properly, the following checks may
be made on the amplifier at the panel: (i) check
the indicating lamp for operation, (2) measure
voltage and frequency input and output at T1
transformer (all measurements are to be taken
with high impedance meters greater than i
mogohm), and (3) measure dropout voltages
between terminals # 3 and # 5 of the proximity
switch with and without the cam target at the
pickup point. See the manufacturer's manual for
proper tolerance values.

If any of the above measurements are out
of tolerance you should first check for metal,
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other than the metal target, in the sensing field.
The null point of the sensing head may need
adjusting. ThiB is accomplished by removing
the soft plug in the tuning slughole of the sensing
head and turning the slug with an Allen wrench.

"Remove the wrench when checking the null point.
The amplifier sensitivity is adjusted by removing the

plug button on the top right of the amplifier and
adjusting the potentiometer (PI) screw. Be careful when
inserting the screwdriver. Clockwise rotation reduces
pickup voltage, while counterclockwise rotation will
increase the pickup voltage. This adjustment is very
sensitive, and must be executed cautiously.

Dropout voltage cannot be adjusted and is
dependent upon tolerance of resistors in Schmitt-
Trigger circuit. If dropout voltage is not within
tolerance, check values of resistors R19 through
R23.

If above checks and adjustments do not cor-
rect the trouble, the problem must be internal

to amplifier and necessitates removing the am-
plifier from thff panel for servicing.

UNDERWAY REPLENISHMENT
SYSTEM

The underway replenishment (UN REP) sys-
tem is a high speed heavy weather, day or night
method of transferring missiles and other loads
between a noncombatant supply ship and a com-
batant ship while underway at sea (fig. 15-24).
The system is made up of two major units: the
SENDING UNIT located on the delivery ship, and
the RECEIVING UNIT located on the receiving
ship.

In operation, the sending and receivi units
are connected through a ram tensioner a f-
inch diameter wire rope (highline) to f rm an
integral system. A fast trolley is pulls back
and forth along the highline between the ships

TROLLEY ADAPTIR

%tn. arm

DELIVERY SHIP

/

UNUNIS NOV SHOWN RECEIVING S

Figure 15-24.UNREP system.
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by the electrohydraulic winch-tensioned inhaul
and outhaul lines, supplied by the delivery ship.
The receiving unit can function to return missiles
or other loads back to the supply ship.

DELIVERY SHIP

The delivery (supply) ship has the missiles
racked below deck with the necessary facilities
to deliver a missile to the receiving ship. Figure
15-25 shows the steps the missile goes through
during the move and names the equipment that
moves the missile.

Four-Direction Fork Truck

The 4-D battery powered fork truck is de-
signed to operate in close quarters. The fork
truck is used to move the missile and storage
cradle from storage to the centerline elevator.

Centerline Elevators

The centerline elevators are used in the AE
UNREP system to move missiles from the lower
-deck storage to the second deck. When missiles

27.328
Figure 15-25.UNREP equipment used to move

missile from storage to receiving ship.

are stored at the second deck, instead of a lower
level, the centerline elevator is not used. The
second deck has the overhead birail tracks and
necessary equipment for delivery of the missile.
to topside.

A strongback is manually connected to the
,missile when it reaches the second deck to
facilitate the careful handling of the missile as
it moves through the system.

Bridge Crane

The bridge crane (fig. 15-25) moves the bi-
rail hoist into the centerline elevator. Here the
birail hoist mates with the strongback and lifts
the missile from its storage cradle to a lock:on
position on the birail hoist. The bridge crane
then pulls the birail hoist from the elevator area
to the birail track.

Birail Hoist

The birail hoist is an air-driven car thatrolle
along an overhead track on the second deck. The
birail hoist transports the missile to
component lift.

The birail hoist lowers a spider to mate th
the strongback and raise the missile from
centerline elevator. After the strongback is rai d
and secured to the birail hoist, the hoistis m ved
to align with the birail tracks. At this poin the
missile can be turned around (180 degrees), if
necessary, by the birail hoist. The need for
turning the missile depends upon the receiver
ship's strikedown equipment.

Component Lift

When the birail hoist has the missile centered
over the component lift, the component lift arms
swing out and mate with the strongback. The
birail hoist unlatches and returns for the next
missile. The component lift raises through the
hatch to the main deck and onto the transfer
head where the strongback is then connected to
the trolley for transporting. The above-
deck equipment on the delivery ship is comprised
of a kingpost, transfer head, tensioned highline,
and the ram tensioner.

Highline and Ram Tensioner

The trolley travels between the AE and the
receiving ship on a tensioned wire rope called
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the highline (fig. 15-24). The highline is ten-
sioned at 18,000 to 20,000 pounds during ship-
to-ship replenishment operations to hold the
weight of a load of about 5,000 pounds. The
highline stays tensioned even when the distance
between the two ships changes and when the ships
roll toward each other or from each other.

The highline winch (fig. 15-26) has a 200 hp
electric motor. The motor operates at 440 volts,
3 phase, 60 hertz power, and 180 amperes when
working at a full load.

In order to keep the wire rope from tangling
during operation of the UNREP winches, a hy-
draulic operated antibirdoager is installed. This
unit keeps a steady tension on the wire rope at
the winches.

The ram tensioner (fig. 15-26) is a unit that
helps the highline winch operator to keep the
highline tight. When the ram tensioner cannot

PISTON
02 LEVEL

haul in or pay out the highline fast enough to
keep the correct tension, the highline winch
operator hauls in or pays out the highline to
help the ram tensioner maintain the correct
tension.

Inhaul and Outhaul Winches

Wire ropes from two winches (fig. 15-27
and 15-28) control the missile transfer during
ship-to-ship transfer operation. The outhaul winch
pulls' the trolley, which is holding the missile
and riding on the tensioned (outhaul) highline,
to the receiving ship. After the missile has been
delivered, the inhaul winch returns the empty
trolley by pulling it back to the AE with a wire
rope.

The highline winch and the inhaul/outhaul
winches all have the same electrical, mechanical,
and hydraulic system. The electric motors on

HIGHLINE WIRE ROPE

HEAT EXCHANGER
AIR-OIL
ACCUMULATOR

SPOOL UNIT
1

CYLINDER ELECTRIC MOTOR

WINCH DRUM

HYDRAULIC
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RAM TENSIONER

LOAD HOLDING
FOOT BRAKE

HIGHLINE WINCE/

HYDRAULIC
PUMP
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Figure 15-26. Highline winch.
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Figure 15-27. Parts of the inhaul/outhaul winch.

the winches drive three pumps: the servo pump,
main pump, and makeup pump. A shipboard over-
view of components of an AEUNREP system is
illustrated in figure 15-28.

RECEIVING SHIP

The UNREP receiving (combatant) ship .re-
ceives the missile with the receiving unit (fig.
15-29). The receiving unit consists basically of
a king-post, a receiving head, an elevator, a
carriage return hydraulic power unit, and a re-
mote control console. The receiving head is
supported by the kingpost and the elevator op-
erates vertically on the kingpost. The trolley is
captured by the receiving head. On the other
head are shock absorbers (called jackknives)
that slow the trolley, and arms that steady it
while the missile is being removed by
the elevator.

The elevator takes the strongback and load
from the trolley and deposits them on the strike-
down elevator. Lateral orientation of the elevator

27.339

arms is controlled by swing of the receiving he: ,

and regardless of roll, pitch, height of the load, \
and station alignment, the arms assume the
correct position to receive the strongback sup-
porting the load. A' quick acting mechanism in
the trolley (called pickoff probes) releases the
strongback when the elevator, arms are fully
closed and locked in slots in the strongback.

UNREP gear varies from ship to ship. For
example, one type is 4ationary; another must
be stowed like a crane boom to keep it from
interfering with the ship's armament. One type
will service only one strike'down . elevator.
whereas another may have the capability of
swinging around to service both port and star- -
board elevators.

The specific operations of the elevator are
controlled by the console operator by means of
pushbutton switches on the remote c.trol
console.

The 'electrical system provides the controls
and signals necessary to operate the receiving

Control Console

15-38-4 Y 5
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Figure 15-28. Top view of AE UNREP system (view looking aft).
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Figure 15-29.Receiving unit.
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unit from a remote control console (figs. 15-29
and 15-30). The 'control console is a portable
aluminum box housing upon :.thich the control
switches and indicator lik-otr are installed.
Switches are grouped on thc c,.,nsole by their
control function.

The power switch is in the upper right-hand
corner of the control cotiscls and connects and
disconnects the 440 volts a-C ship power supply
to all the electrical components of the receiving
unit. The main electrical operations of the sys-
tem are to (1) 'raise and lower the elevator, (2)
open and close the elevator arms, (3) immobilize
the meeting carriar when receiving the missile
and when indexed- stowinj the missile, (4) release

the trolley latch, and (5) operate the transfer
signal holdup light.

An ultraviolet night light is installedabove the
console to illuminate the switch panel during
night operation. When in use, the control console
is installed on a pedestal near the receiving unit.
When not in use, the control console is stowed
within the console stowage box.

Elevator Drive control System

The elevator drive control system raises and
lowers the elevator. The elevator mechanism is
supported by the kingpost. A chain hoist, located
within the kingpost, is attached to the elevator

Figure 15-30.Control console on receiving ship.
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and is driven by a bidirectional electric motor
for elevator operation. The motor is mounted on
the side of the kingpost near the base (fig. 15-29).
The 5-hp motor operates on 440 volts a-c, 3-
phase, 60-hertz at 1800 rpm. It is, a watertight
motor and drives the elevator through a worm -
go type speed reducer. A solenoid operated
die/brake, installed on top of the elevator drive
motor, performs fast action in stopping and

\ starting the motor, thereby permitting the swift
\ and accurate positioning required by the system,
The operator at the console can stop the elevator
at any position along the kingpost.

Electrical circuits provide the means to raise
the elevator with the arms open and unloaded,
or with the arms closed and loaded and to lower
the elevator with the arms open and unloaded,
or with the arm closed and loaded. Emergency
circuits bypass the normal control switches to
provide a built-in safety for emergency operation
but should never by used unless an emergency
arises.

, -

Arms Rotation Control System

The arms rotation control system controls,
the opening and closing of the eleyator arms for
both normal and emergency operations. The arnis
system consists of an electric motor (fig.15-29),
a speed reduction gear box, and a cross-shaft,
worm gear mechanism. The 1-1/2-hp electric
motor is bidirectional and is watertight. It op-
erates on 440 volts a-c, 3 phase, 60 hertz at

ELECTRIC
MOTOR

PRESSURE RELIEF
BYPASS VALVE

CHECK VALVE

ACCUMULATOR

RESERVOIR

SIGHTGAGE

PRESSURE
GAGE

A

PRESSURE
SWITCH

1800 rpm. The components, as a unit and with
the necessary control circuitry, function to open
and close the arms of the elevator.

Meeting Carriage Control System

The meeting carriage (fig. 15-29) receives
and cushions the incoming missile with the
trolley catcher and jackknife units. The meet-
ing carriage is pushed back horizontally about
20 inches, moving from the fully extended RE-
CEIVED position to the fully compressed IN-
DEXED position. The carriage is held in the
indexed position by the trolley, whicli- is re-
tained by the trolley latch. When the trolley
latch is released, the trolley is pulled from the
receiving head. Hydraulic pressure is auto-
matically supplied to the carriage return cyl-
inder win* extends the cylinder and moves
the meeting carriage to the received position.

During operation when the trolley enters
the receiving head, the jackknife folds back and
mechanically operates an electrical limit switch.
This action automatically energizes the carriage
return e..17.enoid valve (fig. 15-31B), and allows
the hydraulic fluid within the carriage return
cylinder to bleed off into, the reservoir (fig. 15-
31A). As the trolley moves all the way into the
receiving head, the meeting carriage is pushed
back into the indexed position and the cylinder
is collapsed. When the meeting carriage solenoid
valve is deenergized, the supply port to the
cylinder is open and hydraulic pressure pushes

CARRIAGE RETURN
SOLENOID VALVE

CONNECTION BOX

HYDRAULIC SUPPLY
-SHUT OFF VALVE

HYDRAULIC PUMP
OOTOR.SWITCH

DIMMER SIGNAL
'LIGHTSSUPPLY HOSE

(TO CARRIAGE
RETURN CYLINDER)

KINGPOST
LIGHT

SWITCH

Figure 15-31..Carriage return hydraulic power unit.
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the meting carriage into the received position.
Upon 'trolley release, the jackknife and limit
switch also ratura,,,,to their normal operating
positions.

An electric motor mounted vertically on top
of the reservoir (fig. 15-31A) operates a positive
displacement gear type hydraulic pump located
inside the reservoir. The motor is a 3 phase,
440 volt, a-c, 60-hertz, waterproof motor with
a rating of 1-1/2 hp at 3600 rpm. Operation
of the hydraulic pump motor is automatic and
maintains the hydraulic fluid 'supply pressure
at about 1000 psi. During operation whenever
the supply pressure within the accumulator is
below 950 psi ;the oil pressure switch (fig. 15-
31A) will close electrical contacts and start
the pump motor operating. As the pressure
inside the accumulator reaches 1000 psi the
oil pressure switch electrical contacts will open
and stop the motor.

The automatic controls can be overridden
by the console operator.

Trolley Latch Release

The trolley latch (fig. 15-29) consists pri-
marily of a latch pin and trunnion assembly, a
locking arm, a solenoid, two limit switches,
and a manually operated release lever. The
latch will automatically fall into the latch hole
in the side of the 'trolley when the trolley has
been pulled into the receiving head sufficiently
to push the meeting carriage into the indexed
position.

-

The trolley patch release System has a blue
signal light (not shown) located on the opposite_2

side of the receiving head unit, end a blutr
indicator light located at the control console
(fig. 15-30). The purpose of the electrical cir-

. cuit is to provide a visual indication for the
winch operator 'on the supply ship. and the con-
sole operator on the receiving ship that the
trolley is 16.tched.Mhen the trolley is latched,
the blue trolley latched lights are illuminated
and /are extinguished when the trolley is re-
leased. v` .

The trolley latch signalight circuit receives
110 volt a-c power from the 450/120-volt trans-
former. The 440 volt a-c power 'to the transformer
is controlled by the power switch ated on the
control console.

The automatic trolley latch system can be
manually controlled by releasing the latch either
by the operator energizing the trolley release
solenoid from the control console or by manually
pulling the release handle on the side of the
kingpost.

Transfer Signal Holdup Light

The transfer signal holdup light circuit has
an amber signal (shown in fig. 15-29) located
on the receiving head unit. An amber indication
light is located on the control console. The
purpose, of the electrical circuit is to give v.
visual indication to the finch operator on the
supply ship and console opePator on the receiving
ship when the ships are becoming too far Off
station. Whenever the receiving head trains more
than .30 degrees off station, the lights are il-
luminated. This light circuit also enables the
console operator to signal the winch operator
to temporarily stop operation.

The holdup transfer signal light circtt re-
ceives 1.20-volt a-c power from the 446/120-
volt transformer. The 440-volt a-c power to the
transformer is controlled by the power tswitch
located on the control console.

ELECTRIC FORK LIFT TRUCK

ilectric fork lift trucks are primarily used
for the handling, transporting, and warehousing
of materials in confined areas where engine
exhaust fumes cannot be tolerated (fig. 15-32).
The larger vehicles are electric powered, front-
wheel drive, rear wheel power-steering fork
lift trucks (fig. 15-32A7. A 36 or 24-volt storage
battery is red to furnish power for the
traveling, s ering and lifting mechanism. The
drive mec ism includes an electric drive
(traction) otar, coupling, power axle assembly
and control.- Control of 'the travel circuit pro-
vides one automatic accelerating speed plus four
forward and four reverse controlled speeds.

The lifting mechanism includes an electric
motor, hydraulic pump, hydraulic_, 'd reservoir,
hoist, tilt, and side &gift cylinders. directional
control valve, forks, and controls.

The cle steering system consists of a
steering motor, pump, steering gear assembly,
power a -ering unit, trailing axle, and controls.
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Chapter 15 ELECTRICAL AUXILIARIES

irhe brake system consists of a master cyl-
inder, mechanical parking brake and hydraulic
service brakee.

Truck speed control is accomplished by con-
trolling the average power delivered to the drive
motor over a giveit period of time. Most fork
lifts have speed controls which ire of INCRE-
MENTAL TYPE, whereby a bank of resistors is
inserted into or shorted out of the circuit, in
order to obtain speed control. The STEPLESS
TYPE in the newest forklift truck uses silicon
controlled rectifiers (SCR) control circuitry. The
incremental-type truck control is similar to a
oar with a standard shift, and the atepless type of
control is similar to a oar with an automatic
transmission which will provide for smooth con-
trol of the speed.

Many of today's shipboard requirements for
material handling operations necessitate very
smooth acceleration of the electric truck. Smooth
acceleration for a major portion of the speed
range is highly desirable and permits accurate
maneuvering of the truck for spotting loads in
congested areas.

The electrical system (fig. 16-33) may be
logically divided into a power circuit and a con-
trol circuit. These two circuits comprise the
circuitry for the hydraulic pump motor, the
steer motor, and the drive motor.

PUMP MOTOR

The hydraulics lift pump motor power circuit
consists of the pump motor and contacts of the
pump relay coil (P). The pump motor control
oiroult consists of the pump relay coil (P), and
lever valve switches that are actuated by a
draulio control valve.

To operate the truck's lift system, the bat-
tery switch must be closed and the key switch
turned on. The movement of one of the lever
valve switches, starts the hydraulic-lift pump
motor, When the levers are returned to neutral,
the pump motor stops.

BTEER MOTOR

The steer motor power circuit consists of
the steer motor and contacts of the steer relay
coil (8). The steer motor control circuit has a

relay-coil (5) and, on the seated-type fork lifts,
a steer switch that is closed when the operator
is seated, therefore the motor is in continuous
operation while the operator is seated. This
permits power steering even though the truck
is not moving.

DRIVE MOTOR AND CONTROLLER

The drive motor controller regulates the
speed of the series drive motor by means of
solid state control circuitry integrated with mag-
netically operated devices. This circuitry en-
ables heavy loads to be handled at low speedst
with very little battery current, resulting in extra
hours of operation. For full speed cruising, the
solid state system is removed from the control
circuit thus connecting the drive motor across
the battery supply.

The drive motor POWER circuit (fig. 16-33)
consists of the drive motor with its series fields,
the contacts of the speed changing relays (1A,
2A, 3A, 4A), and contacts of the forward and
reversing relays (F, R).

In the drive motor CONTROL circuit, the
accelerator pedal switched provide the four ac-
celerating speeds by controlling the series fields
of the drive motor. The control circuit also
incluges the speed changing power relay coils
(IA, 4A, 3A, 4A); the directional relay coils (F,
R) and the necessary interlocks which are
mechanically operated by the respective
contactors. For instance, when the "2A" con-
taotor coil is energized, its normally-opened
contacts close, and its normally-closed contacts
open. Another component, the static timer, serves
to provide an adjustable time delay between first
and second speed and one between second and third
speed, as well as a fixed time delay between
third and fourth speed. The brake switch, op-
erated by the brake pedal, interrupts the drive
control circuit whenever the brake pedal is de-
pressed and also rovides power for starting up
on a grade by means of the anti-rollback (ARB)
ommeotion of the static timer. The static timer
also provides for controlled plugging. Control
fuses (not shown) protect the drive motor and the
static timer against electrical faults. Thermal
switches (not shown) serve to open the drive and
steer motor circuits in case motor frame tem-
peratures roach 225°F.

The master accelerating switch used for con-
trolling truck speed is a manually operated pilot
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Chapter 15 ELECTRICAL AUXILIARIES

device to ciii4rol magnetic contactors, which in
turn, control the drive motor of the vehicle. An
off position and'our speeds are provided. The
switch is opera by an accelerator pedal.

The directional master switch is the
mechanism by which the operator can det xmine
direction in operation of the vehicle. The switch
is a three position, manually operated, two - circuit
pilot device, designed for handling coil circuits
of directional magnetic contactors, whiohmustbe
energized to initiate, movement of the truck.

The heart of a solid state speed control system
is the silicon controlled rectifier. Essentially,
the SCR is nothing but a rectifier except that a
control element commonly referred to as a gate
has been introduced. A s applied in stepless truck
control systems, the silicon controlled rectifier is
nothing but a switch.

Static Speed Control

Refer to elementary wiring rliagrAm figure-
15-33 and to the motor field connec ns table
15-1. In normal operation, when the directional
control handle is moved to forward or reverse
and the accelerator pedal is slowly depressed
the following sequence takes place.

FIRST SPEED.As the accelerator pedal is
depressed to the first speed, master switch 1

. (MS-1) is closed. If the direction handle isplaoed
in forward position, the (F) contactor picks up
and the drive motor is in first speed.

SECOND SPEED.The pedal is depressed t4)
the second speed point to close (MS-2) and a
positive voltage appears at Time Delay # 1, SS
#1 anode, and Time Delay #2, on the static timer.

Table 15-1.Drive Motor Field Connections

Speeds

°Speed 1
Speed 2

Speed 3
Speed 4

Power Tips Motor Fields

All Open
lA Closed

IA, 2A Closed
IA, 2A, 3A

Closed

All Fields Energized
Three Fields Ener-

gized
Two Fields Energized
One Field Energized

77,335

The positive voltage appears at these points
because of the low resistance path through the
1A coil. The very small currents needed to
operate the me delay circuitry is about 1/100
of that needed to operate the coil and hence only
a small voltage is dropped across the coil. Now
Time Delay #1 cannot operate until a positive
voltage also appears from either ARB (anti-
rollback) or the plug. A positive voltage could
only come from ARB when the brake pedal is de-
pressed which ih not likely when trying to go
forward. However, a small positive voltage comes
through the plugging section due to the voltage
developed across the armature of the drive motor.
Now Time Delay#1 does operate, fires SS #1 and
picks up 1A coil, which provides the second speed.

THIRD SPEED.The pedal is depressed to
third speed point to close (MS-3) and a positive
voltage appears at Time Delay #2 and SS #2.
Since 1A has already picked up, a negative volt-
age is at the top input to Time Delay #2 and after
a time delay, SS #2 operates and 2A coil picks up,
which provides the third speed. Now 2A- interlock
leading to (MS-4) closes providing a positive
voltage to the left of (MS-4) to ready the control
of the fourth speed.

FOURTH SPEED.The pedal is depressed to
the fourth speed point to close (MS-4) and to open
MS2 which deenergizes relay 1A. In a manner
similar to the previous steps, the Auxiliary Static
Timer gives a time delay to the pickup of (4A).
After (4A) closes, both normally open (4A) inter-
locks close. Oni shorts out the Auxiliary Static
Timer and turns it off. The other interlock lets
(3A) coil pink -up to shunt thd field. However, relay
1A has opened therefore a field is still present.
The 4A coil picke up before the (3A) coil so that
any aro that might be present when the normally
closed (4A) contacts break will be extinguished
before (3A) picks up. Otherwise, a direct short
may occur. This provides the fourth speed.

ELECTRIC GALLEY EQUIPMENT

Electric galley equipment comprises the heav,,
duty cooking and baking equipment installed
aboard naval vessels and consists essentially of
ranges, griddles, deep fat fryers, roasting ovens,
and baking ovens (fig. j5 -34). This equipment is
supplemented by electric pantry equipment, which
includes coffee urns, coffee makers, griddles, hot-
plates and toasters. The number and capacity of
the units comprising a galley installation depends

15.47
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. '' ')

A TYPE A RANGE

of(

B TYPE 60 OVEN

C TYPE 90 FRY KETTLF

48,8:11
Figure 15-34. Electric galley equipment.

on the size and type of ship. Galley equipment is
normally designed for operation on 116-volt or
230-volt, d-o power or 440-volt, 3 phase, 60 hertz,
a-c power.

RANGES

Electric galley ranges are provided in type A
(36-inch), type B (20-inch), and type C (30- inch).
The ranges consist of a range-top section and an
oven section assembled as a single unit, and a
separate switchbox designed for overhead or
bulkhead mounting. A type A range is illustrated
in figure 15-34A. This range is provided with
three 6 kw surface units and an oven section

having two 3 kw enclosed heating units. A sim-
plified wiring diagram of a type A range is illus-
trated in figure 15-35.

OVENS

A type 60 roasting oven is pictured in figure
15-34B. Type 60 and type 126 ovens are sec-
tional type ovens with each section constituting a
separate oven that is thermally insulated and
operated independently of the other sections. The
roasting ovens are provided in either 2 or 3
sections mounted one above the other. These
ovens are provided with a separately mounted
switchbox which contains. the fuses, contactors
and 3-heat switches for each section. The typo;
number of the ovens denotes the capacity in
pounds of raw neat per section.

The type 4 /and type 8 baking ovens are the
older type having baking decks (the type number
denotes the number of decks) that are not ther-
mally insulated from each other. The heating units
are located at the top and bottom of the oven and
between each deck. Each heating unit is con-
trolled by individual 3-heat switches located in
a switch box enclosure mounted on the right-
hand side of the oven.

The type 12 and 18 baking ovens' are sectional
type ovens with each section constituting a
separate oven that is thermally insulated and
operated independently of the other sections. Each
section of the type 12 or type 18 ovens has a
capacity of six standard five-loaf bread pans.
The type 12 oven consists of two sections mounted
one above the other. The type numbers denote
the total bread pan capacity of the oven.

DEEP FAT FRYERS

Electric deep fat f..yers are normally pro-
vided in the type 23, type 45, and type 90 sizes
rated at 5 kw, 10 kw, and 18 kw, respectively.
A type 90 deep fat fryer is shown in figure
15-34C.

The heating units, which are of the enclosed
type, are immersed directly in the fat to ensure
maximum efficiency. The fryer is equipped with
an adjustable automatic temperature control to
maintain the fat at the desired temperature. The
thermostat control, located on a panel at the front
of the fryer, is provided with an OFF position
and the adjustable temperature range of 250°F
to 400°F is graduated on the control knob.

15-48
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Figure 15- 35. Schematic diagram of type A range.
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Chapter 15 ELECTRICAL AUXILIARIES

The thermostat operates contactors, which,
in turn, control the circuits to the heating units.
The later models of fryers are equipped with an
upper temperature limit thermostat which op-
erates in the event of failure of the main thermo-
stat. The contacts of the upper limit thermostat
are connected to the shunt trip coil of an ex-
ternal disconnect breaker when the fryer is In-
stalled. In the event the fat temperature reaches
460 degrees F., the thermostat contacts will
close, thus .tripping the breaker and deenergizing
the fryer.

A rotary switch also located on the front
panel is provided for disconnecting the fryer
from the line. As a safety measure,. the switch
should be turned to the OFF position when the
fryer is not in use. .

A compartment located inside the fryer con-
tains the contactors, thermostat, heating unit
terminals, line terminal block, fuses, and line
switch. The compartment is equipped with a
removable panel for access to the control devices.
Figure 15-36 is a simplified wiring diagram of
the type 90 fryer.

MAINTENANCE

Before starting any service work on electric galley
equipment be certain that the equipment power supply
is secured and tagged out.

Refer to the manufacturers' manuals for in-
structions concerning the servicing of the eleo-
trio galley equipMent installed aboard your ship.
These manuals also include the methods of re-
moving and, replacing the various heating units,
thermostats, switches, contactors, and other
components of eleotrio cooking equipment.

Galley equipments are normally trouble-free.
The largest single trouble with eleotrio ranges,
,ovens, and deep fat fryers is burning contacts.
As the operating temperature is met on the
thermostat, the contactor will /pen under heavy
load causing its contaoks) to aro and burn. This
problem is lessened to a certain extent t -' the use
of high voltage capacitors connected . parallel
with the contacts. Another common proolem con-
cerns corroded connections due to prolonged
exposure to heat and grease. A concentrated effort
Must be made to follow prescribed p) amid main-
tenance, and when necessary, corrective main-
tenance procedures.

LAUNDRY EQUIPMENT

Laundry equipment aboard ship is comprised
of washers, extractors, and dryers separately or
in combinations. This equipment is designed to
operate primarily on 3-phase, 440 VAC, 60-hertz
power. The fully automatic washer-extrator with
a card-o-matic programmer for controls is a
representative piece of equipment. It has an
automatic supply hopper, which is the main dif-
ference between it and a semiautomatic unit. There
is little electrical difference between the card and
drum type programmers.

WASHER-EXTRACTOR

The cylinder of the washer-extractor (fig.
15-37 and 15-38) has a 100-pound dry weight
oapaoity. A three-motor system drives the cyl-
inder through its cycles by means of V-belts,
speed reducers, and an air-operated clutch. Elec-
tric solenoids control the supply of air for op-
erating the clutch, brake, drain and steam valves,
and detergent dispenser. Water level is controlled
by three pressure-operated level switches; the
water temperature by three adjustable ther-
mostats. The machine may or may not have an
automatic steam feature to help maintain water
temperature throughout the wash cycle.

Though designed to operate automatically
(formula mode), the washer-extractor oan op-
erate in the manual mode or in a combination of the
two modes. The sequence and duration of the oper-
ations in the formula mode are controlled by the
card-o-matio programmer (fig. 15-39). In the
manual mode, the machine operator controls the
duration and sequence of the wash /extract cycle,.
by positioning switches as desired. He also adds
detergent supplies as desired.

Card-O-Matic Programmer

The programmed card that the operator
selects should be cietermined by the type of washing
to be done. He uses a different oardwaen washing
greasy dungarees than when washing :-shirts.
The dungarees require a longer wash time, hotter
water, and stronger detergent.

The formula card (tig. 15-40) has eleven tracks
ea0 &le. The tracks on the front side are

numberco 1 hruugh 11, and the tracks on the
bank are numbore d 12 through 22. These

1 5-51
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1. OPERATING CONTROLS
2. REMOVABLE SIDE PANEL
3. DOOR BUMPER
4. LIFTING BAR
5. DATA PLATE
8. SUPPLY HOPPER
7. DRAIN VALVE AIR CYLINDER
8. WATER LEVEL BELLS
9. DRAIN VALVE

10. BASE PLATE
11. SIGHT GLASS
12. FRONT PANEL
13. TUB DOOR LATCH

I0

77.328
Figure 15-37.Front right view, Claes 2258 Casoadex Washer Extractor.
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1. ,1BRATION SWITCH
2. HIGH BRAKE SOLENOID VALVE
3. SUPPLY TRIP SOLENOID VALVE
4. CLUTCH SOLENOID VALVE
5. DOOR INTERLOCK SOLENOID VALVE
6. DRAIN VALVE SOLENOID VALVE
7. STEAM VALVE SOLENOID VALVE
8. LOW BRAKE PRESSURE SWITCH
9. ELECTRICALENCLOSURE

10. SUPPLY FLOW CONTROL VALVE
11. LOW BRAKE PRESSURE REGULATOR
12. LOW BRAKE SOLENOID VALVE
13. ELECTRICAL DATA PLATE
14. LOW BRAKE PRESSURE GAGE

15. LIFTING BAR
16. SYSTEM AIR PRESSURE GAGE
17. SYSTEM AIR PRESSURE REGULATOR
18. AIR FILTER
19, MANU.".L BRAKE RELEASE
20. SALT WATER INLET
21. VENT AND OVERFLOW
22. STEAM VALVE
23. BASE PLATE
24. MASTER CYLINDER
25. BRAKE ACTUATING CYLINDER
26. HOT WATER VALVE
27. COLD WATER VALVE

77.329
Figure 15 -38. Rear left view, Class 2258 Cascadex Washer Extractor.
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1. RUN INDICATOR
2. STOP INDICATOR
3. FORMULA CARD WINDOW
4. SIGNAL INDICATOR
5. SIGNAL SWITCH
6, LEVEL SWITCH
7. MASTER SWITCH
8. SAFE ON SWITCH
9. STOP INCH PUSHBUTTON

10. INTERIOR LAMP (NOT SHOWN)

11. THERMOMETER
12. INCH START SWITCH
13. STEAM SWITCH
14. EXTRACT SWITCH
15. CARD ADVANCE WHEEL
16. DISCONNECT SWITCH
17. OVERLOAD RESET BUTTON
18. COLD WATER SWITCH
19. HOT WATER SWITCH
20. DRAIN VALVE SWITCH

77.330
Figure 15 -39. Location of operating controls and indicators.
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tracks identify the operation. The numbers and
index marks on the program time columns
(C in fig. 15-40) are graduated in one minute
ittervals and determine the duration of the op-
eration, forming the wash/extract cycle.

Cards are programMed by removing a section
from the track which cause a spring-loaded
aptuatot to move as the formila card is ad-
vanced by the programmer drive motor. This

A
f ii if 1
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411Higgg; 5ggingli:
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qii32iiii 9102,000=:
10150110 00420001i

111020iii=

011101111 0010g017

C C

1

A. TRACK NUMBERS ON FORMULA CARD
FRONT SIDE (Tracks No. 1 thru No. 11)

B. TRACK NUMBERS ON FORMULA CARD
BACK SIDE (Trackp No. 12. thru 22)

C. PROGRAM TIME COLUMN

77.293
Figure 15-40.Front and bank sides of a for-

mula card.

movement energizes and deenergizes the elec-
trical circuit for the components (drain valve,
water valve, level switch, supply dispenser, etc)
related to the track.

Sequence of Operation

A sequence of operation is given here to aid
the Electrician's Mate in maintenance of the
machine. With the master switch in the off-
position, other applicable switches are placed
in their. formula positions (fig. 15-39 and 15-41).
The correct formula card is inserted in the
programmer and the cycle is started by placing
the master switch' in the formula position and
momentarily pressing the start pushbutton.

After the machine starts the water .tem-
perature, water level, and addition of detergents
are controlled by the programmed card. Incorrect
programming of the formula card may cause
the motor to stop.

\.
The run .indicator lamp lights and remains

lit throughout the wash /extract cycle except when
steam or water is tieing added or when the signal,
indicator is lit and the buzzer is sounding.

The SIGNAL indicator lights and the buzzer
sounds at programmed times to signal the op-
erator to return to the unit to add detergents
or check the progress of the wash /extract cycle.
The cylinder stops when the signal indicator is
on. Momentarily pressing the signal switch to the
OFF position puts out the signal indicator, stops
the buzzer, and restarts the wash /extract cycle.

" During the wash oyole, the cylinder is rotated
at 35 rpm and reversed 4 times ,per minute.
During the distribution operation the cylinder
turns at 45 rpm in one direction only. After
the last programmed wash operation, the drain
valve opens and remains open. The extract oper-
ation then starts.

During' the extract operation the clutch is
disengaged and the cylinder is rotated at 650
rpm in the same direction as the distribution cycle.
At the end of the extract operation, the oylinder
decelerates to the wash speed (35 rpm) and re-
establishes the -wash cycle unless the formula
card is programmed t. atop or the operator
pr,esses the stop pushbutton. At this point, the
operator places the master switch in the OFF
position, opens tub door, and removes the

15-55
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Table 15-2. Formula Card Track Number, Track Designation, and Related Function

TRACK NO, DESIGNATION RELATED FUNCTION .

1* No. 1 thermostat Regulates the tub water
temperature to no. 1
thermostat control point

2* Na. 2 thermostat Regulates the tub water
temperature to no. 2
thermostat control point

3* No. 3 thermostat' Regulates the tub water
temperature to no. 3
thermostat control point

4 Hot water Controls hot water
valve operation

5 Cold water Controls cold water
valve operation

6 Drain valve and
no. 2 water level

Controls drain valve
operation and no. 2 water
level

7 No. 3 water level Controls no. 3 water level

8 No. 1 water level Controls nb. 1 water level,...._/._
9*

,.

Steam Controls the steam valve in
conjunction with track no. 1,
no. 2 or no, 3, or controls
the steam valve if steam is
to be injected for a pro-
grammed time period

10 Signal Controls the SIGNAL indica-
tor

._

and buzzer

11 Stop Controls the STOP indicator
and stops the unit and con-
trol when all operations,
are finished

12 Extract Controls extract operation'

1341 Supply track Dispenses supplies from the
automatic'supply dispenser

14 thru 22 Not used

Thomaximum length.a wash extract cycle can be pr, grammed for is 85 minutes.

*Used only if unit has steam option

4 / "1
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load and formula card. The formula card track
numbers with designations and functions are
given in table 15-2.

Safety

The dry weight cylinder capacity (100 pounds)
should never be exceeded, but it is recommended
that the cylinder be loaded to capacity. Lighter
loads may fail to distribute clothes properly,
causing the machine to vibrate exceseikOely.

a

4

"f,414.0e
ow,

Safety features of the washer-extractor include
a mercury vibration switch to stop the machine
in case of excessive vibration and a tub-door
interlock system to prevent the tub door from
being opened while the machine is running. The
tub-door interlock system also prevents the
machine from starting when the door is open. /

Be certain that the machine is deenergized and/
tagged out before performing maintenance. Refer to the
manufacturers' manual and. NAVSHIPS' Technical
Manua) for instructions concerning the troubleshooting
and replacement of defective parts in the laundry
equipment installed aboard your ship.

15.57
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CHAPTER 16

SOUND MOTION PICTURE SYSTEMS

The sound motion picture system is used as
an aid in training, briefing, and entertaining
naval personnel. The system is comprised of a
motion picture projector, amplifier(s), and one
or more loudspeakers. Navy equipment is readily
portable and can be operated in any average size
space, or topside, where 115-volt a-c power is
available.

This chapter will not qualify you to operate
a Navy projector. It will, however, give you the
principles of motion picture projection; tell how
films are prepared, inspected, and handled; and
describe the paper work required for reports and
records.

DEFINITION OF TERMS,

Definitions of terms are included' in this
chapter so you can find the meanings of
technical terms that are used in explaining the
principles of motion picture projection and in
telling you how to operate a projector, prepare
film, and perform other tasks related to the
showing of sound motion pictures.

AcousticsA science 'that deals with the
production, control, transmission, reception,
and effects of sound.

ApertureAn opening in a film guiding
plate that limits illumination to one frame' at a
thne.

Aperture Plate A guide plate containing
aperture, used also to prevent lateral film
movement.

CementA solution used to join two
pieces of film together.

Condensing LensA lens that
concentfates the light of the projector lamp
upon the aperture.

Damping SystemA system used to
smooth trhe flow of film movement through the
sound optic system.

EmulsionThe film. material composed
of gelatin and silver-nitrate, that contains the
image.

Exciter LampThe lamp that furnishes
light for the sound optical system.

Film BaseThe cellulose acetate material
. that supports the emulsion. It also contains the

sprocket Holes.

Fat. .:.imgThe act of adjusting the
projector lens to obtain a sharp image on the
screen.

FramingAn adjustment that centers the
frame to be projected.over the 'vesture.

Image The likeness obtained by
photographic means.

LensA glass optical device used to
transmit and contvl the light passing through a
film.

Motion PicturesA series of still pictures
prbjected at a rate sufficient to produce the'
"illusion of motion." .

16-1'
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Pressure PlateA vice that provides a
constant and proper pressure on the film as it
passes the aperture.

ProjectorAn electroniethanical device
that reflects an image on a screen by .us of a
light transmission path.

ReelA metal or plastic spool upon
which' film is wound prior to and following
projection. Standard sizes are 400, 800, 1200,
1600, and 2000 feet.

ShuttleThe electromechanical device
which advances the film to the aperture.

Sound Optic SystemThe system which
converts light variations, representing 'sound,
into corresponding electricalvariations.

Sound Optical LensThe Poition, of the
sound optic system which focuses the exciter
output on the sound track.

Sound TrackThe portion of film upon
avhich sound is photographically recorded.

SplicingThe act of joii1ng two pieces
of film together as one continuous film strip.

i Sprocket HolesThe holes along one
edge of film which are engaged by the sprockets.

-SprocketsToothed gears which advance
the film through the projector at aconstant rate
of speed.

ThreadingProper placement of the film
for projection.

SOUND MOTION PICTURE
PROJECTION

Motion picSure projection is tue presentation
on a screen, of a series of image, taken in very
rapid succession by a motion c cture camera.
Such a presentation produce: illusion of
moving images. As you look at the screen, what
you are actually observing is a series of still
pictures projected in rapid succession. The

a

illusion of motion is created by taking advantage
of certain peculiarities of the eye.

At one time or another, as you have closed
your eyes after having looked at a bright light,
you may have noted that the light impression
was 'retained for a brief period of time after you
had shut it out. This is known as "persistence of
vision" and makes motion pictures possible.

Persistence of vision is the ability of the eye
to retain upon its retina the impression of light
after the light is removed from view. If a series
of picture images, each one of which differs but,
slightly from the preceding one, is viewed in
rapid succession, the brain. retains an impression
of the preceding image and blends it with the
succeeding image to create the illusion of
motion.

The projection of pictures is based upon the
principle of formation ,of images by' a convex
lens. The image forming properties of a
microscope or telescope are similar. A simple
projection with no motion would contain a
lamp, a lens, and a screen (fig. 16-1). Note in the
illustration that the image would be inverted
after the light rays pass through the convex lens.

A basic motion picture system could be
developed from ihis s11Iip c sybicm by Ulu
addition of a reflector, an intermittent unit, and
a 'shutter unit. The purpose of these part_ is as
follows:

16-2

The reflector is a circular mirror
incorporated in the lamp. It reflects the light

1.

LIGHT PICTURE

7.651770
Figure 11.Simple projection system.
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back from the lamp toward the film and
aperture.

The intermittent unit pulls each picture
frame of film into position in order that it might
be struck by the light rays. It is the only unit
which physically comes in contact with the film.

The shutter (a rotary device capable of
interrupting the projection lamp light) is
operated in synchronism with the intermittent
unit. As the shutter operates, it interrupts the
light path twice for 'each frame of film. In
16-mm projection, the speed of the film is 24
frames per second. The shutter is motor-driven
and interrupts the projection lamp beam 48
times per second. This aids in the prevention of
flicker and streaking.

FILM CONSTRUCTION

As an Electrician's Mate, you may be
responsible for the handling,..inspection, repair,
projection, and stowage of sound motion picture
film on board ship. A general knowledge of the
construction. splicing, and handling of film is
necessary in order to Bo the job.

Figure 16-2 is a view of motion picture film.
Its compdsition is a cellulose acetate base upon
which has been bonded a gelatin and silver
nitrate emulsion. The base is a transporter, while
the emulsion is the component used for
recording the image photographically. The film
in figure -16-2 is inverted as is the case in
projection. The reinversion occurs in the
.projection lens.

One edge of the film is perforated with
sprocket holes used for transporting film
through the projector, the other edge contains
the sound recording (track).

Methods of recording are discussed in this
chapter, however, figure 16-3 gives the basic
components required in a sound
recording-producing situation. Sound tracks for
motion pictures can be of the variable area or
variable density type. Figure 16-4 shows
examples of both area and density recordings.

FEED REEL

SOUND 'TRACK

PICTURE FRAME

SPROOtET HOLE

DIRECTION OF
FILM MOTION

PICTURE UPSIDE
DOWN

TAKE-UP REEL

10..A4mplummiumerwy
LOOKING FkOM SCREEN

TOWARD APERTURE

7.66.(77C)
Figure 16-2.4ection of 16mm film..* .

PHOTOGRAPHIC SOUND RECORDING

In the photo sound recording technique, the
sound is recorded by exposing a moing
photosensitive film to a beam of light that is
varied r modulated by the sound that is
record . When the film is developed, the sound
can be produced by passing the sound track
through_ a steady beam of light that is focused
on a photocell. The light is varied by the density
of the emulsion of the filmThe output of the
cell' is fed to an audio amplifier, and then to a
loudspeaker, which produces the electrical
signals as sound waves. Two methods. of
recording sound photographically are (1)
variable area (fig. 16-4A) and (2) variable
density recording (fig. 16-4B).

16-3
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RECORDING

MICROPHONE
AMPLIFIER RECORDER

REPRODUCING I
SOUND
OPTICAL AMPLIFIER
SYSTEM . SPEAKER

SOUND . ELECTRIC PHOTOGRAPHIC ELECTRIC SOUND
WAVES ' CURRENT IMAGE CURRENT WAVES

Figure 16-3.Sound recording and sound reproducing system.

SPROCKET
HOLE

Figure 16-4.Film sound track.

Variable Area Recording
of Film

In interpreting the sound track in figure
16-4, the black areas are opaque, the white
transparent. The width, of the transparent are::
may''vary from nothing up to the limits of the
opaque band, depending on the instantaneous
strength of the sound recorded. It is the
variation in the width, of the transparent area
'from point to point along the track that is of
importance. When this vasiatio'n does not exist,
no sound has been recorded on the film and
none can be produced from it.

When a sound track of variable width ;Asses
the scanning point, light frot., the exciter lamp
goes through the only where it is
transparent. Since ti,': width of the scanning line
is constant, the amount of light -ping through
the sound track any pain' is directly
proportional to the width of the transparent
area at that point (that is, to the utilized portion
of the scanning line) This width vnrie,
continuously as the film moves past the scanning
point. Therefore, the amount of light that goes
through and ultimately reaches tne photoceP
varies in the same manner.

The variations in the light that enters the
photocell are cormerted into equivalent

7.67 variations in the current in the associatod
circuit.

16-4 4 1
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Variable Density Recording On Film

There are two different methods of vanable
density recording. One method utilizes a variable
intensity light. This light varies in intensity with

_ the_amplified sound currents and shines through
a narrow slit onto the moving film, which is kept
running at a constant speed of 36 feet per
mirute for 16-mm.

The width of .the slit is about 0.0008 of an
inch. When fix film is developed after being
exposed to the variable intensity light, the sound
track will be made up of lines of varying
intensity across the sound track. If the
frequency of the recorded sound is low, the
width of the bands will be comparatively large;
but if the frequency is high, the bands of light
and dark will be very close together and may be
hardly distinguishable to the eye. The variation
of density between successive dark and light
bands determines the amplitude of the recorded
sound.

The other method of making variable
density film recordings is by. use of a light valve.
The light'valve, in this case, varies the amount of
light by the opening and closing of a slit. This
slit is the space between two taut sides of a loop
of wire suspended in a magnetic field. As the
sound current.passes through the loop, the loop
opens and ,:loses passing varying amounts of
light through it. This light is then focused by
means of lenses on the moving film so as to form
lines of varying density when the film is
developed.

F!LM MAkEUP

A represe :tative film makeup is described so
you may undeistand all of the parts and thereby
enable yours, ,- to conduct smooth
uninterrupted showings.

PROTECTIVE LEADERraw stock Or
transparent film used to protect the program on
rewinding. It is normally five feet in length, and
bre.ikage is z dcipated. This should be replaced
when its length is. reduced to less than three feet.

IDENTIFICATION LEADERconsists of
parts "A" and "B."' Part "A" is 15 frames long
aid contains the type and class of print, the title

=11111=1,

of the reef, and the woid "HEAD" in capital
letteis. Part "B" contains 24 frames in which are
printed in block letters the type print, reel
number, and picture title. It is used to determine
reel number without requiring reference to the
film itself.

SYNCHRONIZING LEADERcon+ains 212
frames and has imprinted the start mark and
indicator numerals. The start mark is located on
the 21st frame and contains the woid
"START." The frames between the start mark
and the beginning of the picture section contain
the indicator numerals. The first numeral is 11
and is 16 frames from the start mark. The
numerals are 16 frames apart and descend to 3,
some 48 frames from the picture. The purpose
of the numbers is to guide the operator when
the synchronization of two projectors is desired
during a continuous showing of one program.

PICTURE SECTIONthe program body
containing 40 frames per foot of entertainment.
information, or training material to be projected
on the screen. Specifications call for no mot:
than 1600 feet of film per reel. The later portion
of the picture section contains the "cue marks."

CUE MARKSrarely apparent to the viewer,
are designed to aid the operator when running a
multiprojection continuous program. The motor
cues are, located in the later 198th through
195th frames of thl picture. section. They
appear on the screen for 1/6th of a second, at
which time there is only five feet of film left on
the reel. Upon seeing his cue mark, the operator
should start his oncoming projector. The
changeover cues appear in the later 22nd
through 19th frames of the picture section. At
this time there is but 1/2 foot, of picture
remaining to be shown. Upon sighting this
second set of cues, the operator of a
multiprojector continuous program should press
his changeover switch and begin display on his
next machine. Cue marks are also a benefit when
using one projector because they aid in
preventing the trailer from being projected.

Firre 16-5 shows a film equipped with
proper cue marks. Both sets of cue marks are
located in the same portion of their respective
frames. As one looks at the film, he finds these

16-5
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SPROCKET
MOLES

Figure 16-5.Cue mark :ocation.

SOUND
TRACK

CUE
MARKS

77.267

"marks" inside the picture portion on the sound
track sick.

RUNOUT TRAILERconsists of 48 frames
of opaque film which permits no light to pass
through it onto the screer :t is designed to
blacken the screen on negligent changeovers.

IDENTIFICATION TRAILERcontaining
'1 fram.:.; Roci,"
the reel number, and picture title. The trailer is
used for identification when the film .is "tails
up."

PROTECTIVE TRAILERidentical to the
protective leader.

FILM SPLICING

Splicing' is an important part of the
pr innist's responsibility when a break
occ...rs. It is not a complicated procedure, but
considerable damage can be done to the film and
projection equipment by poorly made or
improper splices.

A, good splice can be made by any of the
. methods described in the following

paragraphs.

Tape Splicing

ACS

Tape splicing is the simplest way to splice
motion picture film. Used in conjunction with a

universal splicer, no scraping is required. The
ends to be spliced are trimmed and butted
against each other, and a tape splice is applied
over the area to be spliced. Using ,a universal
type splicer insures that the sprocket holes are
alined _when the splice is -made.-Types of-splices
recommended for the different types of film
bases are:

1. Acetate to acetate, either tape or cement
2. Polyester to polyester, ultrasonic or tape
3. Polyester'to acetate, tape only

Cement SplIng

Cement splicing (fig. 16-6) is used when a
strong, long - lasting,, splice is requited. The film
to be spliced is alined on a splicer designed. for
cement 'splicing, and the emulsion is scraped
from the section to be spliced. Cement is appl.d -

to the two sections which are then fitted
together and held tight while the cement fuses
the two sections of the film base together.

I

WARNING

an uieir fumes are
irritants. Keep them away from your
eyes. Solvents are volatile and will burn
rapidly. Film cements will damage
enamel, other finishes, and clothing
made of synthetic fibers. Always splice
or repair film in a clean, well-ventilated
area.

NOTE: Film that has been printed on
KODAK ESTAR BASE Positive Film Stock
Type 7381 cannot be spliced with conventional
film cement. It can be spliced using a tape splice
and splicer (Kodak Presstape Universal Splicer
NSN 6740-00-288-1177 and Kodak 16mm
Pressiapt NSN 675000-1248699).

Ultrasonic Splicing

Ultrasymic splicing is used for polyester
films. This type splicing is done by produCers of
enotion pictures and at a Motion Picture
Exchange. Theie splices are strong and durable.

16-6
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185.47
Figure 18-8.Film splicer.'

The film to be spliced is-inserted into the splicer,
trimmed, and thermally fused together.

FILM HANDLING

To ensure maximum use of motion pictures,
the Navy requires, that several records and
reports be maintained. The records are as much
a nart of the mtinn rictlirp oc 91e fain
and should be maintained in an orderly and
timely fashion.

Upon receipt of a new program, you should
immediately check the contents of the container
against the Inspection and Exhibition (I&E)
Booklet that accompanies it. The program is
next inspected, preferably at the Motion Picture
Exchange (MPX), and all necessary repairs
should then be made. Worn sprocket holes,
scratched film, torn film, oil and grease spots,
acid from fingers, and other defects are carefully
noted at this time in the I&E booklet. Serious
damage of such a nature as to prevent an
adequate display of the film should immediately
be brought to the attention of the MPX and
'appropriate ,..orrective action taken.

After 4 film is displayed by an operator, i..e
has the responsibility to note in the I&E booklet
any damage that occurred during his projection
of the film. The booklet should be maintained
with thsoitgram to prevent loss.

Inspection and Exhibition Booklet

The I&E booklet is designed to keep _.

record of the damage that occurs to a +11m
during exhibition and to aid the MPX in
'determining when a givim print should-be
removed from circulation.

Entries in the I&E book should be brief,
legible, and specific. They should be made in ink
and should include the damage noted prior to
exhibit, as well as any damage that occurs during
the display. After the entries have been made,
the booklet should be signed by the inspector.

Cards are now included in the rear of each
I&E booklet to ensure an accurate accounting of
all film prints at the end of each month. These
cards are self-explanatory.

Notification of Motion Picture
Transfer, NAVPERS 1110/1 (S-75)

When shipS are underway 'for extended
periods or they are in port.; not serviced by
MPXs, motion pictures 'should be exchanged as
often as is practicable. When such exchanges are
made, the notification of motion. picture
transfer form (fig. 16-7) is filled out in triplicate
and me original and one copy are sent with the
film. The original js signed by the recipient and
is then sent back to the originating ship. This
recarrd is then maintained on file by the sending
and receiving activities.

In other transactions, one copy will be
mailed to Navy Motion Picture. Service, 311.
Flushing Avenue, Brooklyn, New Ycrk, one
copy will be sent with each bundle and one copy
to the receiving activity. Each movie will be
listed by progain and print number. The
method of shipment should be indicated-as air
parcel ,post, military aircraft, commercial rail,
etc. The addressee shall acknowledge receipt by
entering the date and 'signing the bottom of the

-form and promptly returning d copy to the
originator. The form may be typed or printed.

During the transfer of film, care should be
exercised to ensure the transfer of complete
programs and the I&E book as well. Any
discrepancy .should be clrrected as soon as
possible. Failure to correct any loss should be
reported to the nearest Motion Picture Exchange
(MPX). Except where exception is made by.

16-7
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NOTIFICATION OF MOTION PICTURE TRANSFER
NAVPERS 1710,1 (Rev. )

S,'N 0106 -LF-0171005

FROM DATE SHIPPED

TO METHOD OF SHIPMENT

SIGNATURE I Rank,'Rate 'Grade)

NO. PROGRAM & PRINT NO. NO. PROGRAM & PRINT NO. NO. PROGRAM & PRINT NO. NO. PROGRAM & PRINT NO.

1 11 21 31

2 LI 22 ,, 32

3 13 . 23 33 A

1 14 24c 34

5 15 25 35

6 16 26 36

7 11 21 31

B

.

18 . 28 38

9 19 .29 39

10 20 30 40

TOTAL NUMBER OF BUNDLES TOT!'.1_ NUMBER OF CASES DATE RECEIVED _

J

( INSTRUCTIONS

Forward original and a copy to Hid receiving activity. la first class mail. One copy will accompany each bundle and one copy will be mailed

to Navy Motion Picture Service only for transactions with Coast Guard activities and Coast Guard, MSC and NOAA ships: Originator will

enter all information requied at the top of this form. Each movie will be listed by program and print number. Method of shipment should be

indicated as First Class Mail, Military Aircraft, Commerical Rail etc. Addressee shall acknowledge receipt. by entering date and signature

at the bottom of this form and promptly returning a copy to the originator. Addressee will also indicate any program not received. All entries

ma9 be typed or legibly printed. List programs in numberical sequence.

Figure 16- 7. Notification of motion picture transfer.

higher authority, Pxchgriges ehniiirl hp (In a print
for print basis.

Motion Picture Plan Film Inspection
Record, NAVPERS 1710/7 (Rev 5-75) 3 e

Motion Picture Exchanges generally require
the activity drawing a film to complete a record
of inspection (fig. 16-8) prior to receipt of a

77.268

»Tint ThP form contains arhericoff for each reel
of film in a program, as well as r_Nce for
additional comments by the inspector.

NMPX Damage or Loss Report,
NAVPERS.1 710/9 (Rev 5-75)

Upon the discovery of loss, damage, or
destruction of a print, your ship will be required

16-8 4"0
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16MM MOTION PICTURE PLAN FILM INSPECTION RECORD
NAVPERS 1710/7 (Rev, 4.72)

INSTRUCTIONS

1. This record will be *filled in ink, marking the
appropriate code where such condition applies and
adding legible remarks as necessary to accurately
dettlibe condition of film. If more space is
needed, use other side.

2. Films shall be thoroughly inspected prior to
exhibition. Condition of film shall be accu-
rately described herein.

3. Location of damage is very important. Un.ler
"Remarks", state if reported damage appears
throughout the reel, first half, last half, or

appears intermittently. Example: "Medium teeth
marks on last half of reel 53, inside picture frame,
opposite sound track side."
4. A separate record shall be prepared for each pro-
gram inspected. This record will be retained on board.
Should daiage be found rendering the film unfit for
further exhIbition, immediately notify the Regional .

Circuit Manager by telephone or message. If the damage
is noted upon arrival of the film, the preceding activity
on the circuit is to be immediately notified.
5. Should damage occur during exhibition, a separate
report will be prepared after exhibition.

EXHIBITION ACTIVITY PROGRAM HUMMER

.,
0 GENERAL PRINT CONDITION BEFORE EXHIBITION 0 GENERAL PRINT CONDITION AFTER EXHIBITION

PEATUPIE ,
.

.

NUMBER OF REELS

SHORT SUJJE,C TS

INSPECTION FACTORS
REELS OF FEATURE, SHORT S JECTS

3 4 a 0 1 a 3

PROTECTIVE LEADER

SYNCHRONIZING LEADER -

TITLE AND CAST .
.

PICTURE c. 3

SOUND TRACK

ALONGSIDE SOUND TRACK.. 111

SPROCKET HOLES .

SPLICES
,

..

ENDING
.

PROGRAM CONDITION CODE
GENERAL PRINT

CONDITION SPECIFIC DEFECTS NOTZD
E EXCELLENT
G GOOD
U - USABLE
NU NON USABLE

B BRITTLE

C CRIMPS

LS' -LIGHT SCRATCH

HS; HEAVY SCRATCH

M MISSING'

N NICKS

SPL LIGHT SPROCK

SPH HEAVY..SPROCKET

W. WA TERMARKS

DAMAGE

AMAGE

REMARKS

SIGNATURE (liMpeCtur) DATE

Figure 16-8.-16mm Motion Picture Plan Film Inspection Record,

164
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NMPX DAMAGE OR LOSS REPORT
NAVPERS 1710/9 (Rev. 5.75)

.5/N 0106 4.F-017-1045

v

FROM: Navy Motion Picture Exchange Office

TO: Officer in Charge
Navy Motion Picture Service
311 Flushing Avenue
Brooklyn, Naw York 11205

Nr

REPORT uUPERS 1710.1

DATE

SUBJ: Program and Print Number
Feature Title_ -

Short Subjects

ENCL: :lotion Picture Film Inspection Record, NAVPERS 1710/7 for subject ?riilt

1. Information concerning the rlamage/loss of subject Motion Picture Program is indicated inenclIkire(1). This Prorn was

received on from
COATE) )SNIP OR STATION)

2. Listed below are the last five exhibiting activities. (Fill in for damaged or missing short subjects only.)

SNIP OR STATION DATE RECEIVED CONDITION ON RECEIPT CONDITION AFTERLAST EXHIBITION

;....

,
.

.

3. A copy of this report, with enclosure (1) will be included with the damaged program when returned to NMPS.

SIGNATURE

Aar

Attach this report to the 18 E Report Book for dam;ged programs being resumed to NMPS and moil advance copy to NMPS. .

Mail or'ginai,if for motion picturePs or short subtect damogigi.
e'

77.270A
Figure 184 NilIPX Damage or.16s Report.

:1610
d
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to complete a report (fig. 16-9). This report
consists of the original and five copies. The ship
retains one copy, sending the original and all

iiothers to the requesting authority. Assignment
or responsibility and cost.of repairs will be based

part on the completed report.

Exhibition, 4ransfen and Inventory
Record, NiC.VP 1710/12 (Rev 5-75)

This form, commonly called the movie log
(fig. 16-10), is a running record of each film
received by a ship. All films are entered
regardless of whether they are exhibited or not.
Film transfers are also recorded on this log.

The commanding officer signs this log at the
beginning and end of oach month. The man
drawing film must present this log at the MPX
prior to drawing film.

PROJECTOR SYSTEMS

Since the early 1950's, -the Navy has
purchased a series of standardized motion
picture projectors for shipboard use. These
machines were manufactured by several
different firms and; therefore; have minor part
deviations. The basic components and
operational sequence, however, \are similar. The
Bell and Howell prolFctor will' be used for
explanation; however, for a specific machine the
applicable manufacturer's technical manual
should be used.

The projector consists of a sound motion
'picture projector, an iriternal amplifiers and an

internal loudspeaker, Contained in a durable
case. The control switches and operating devices
are located on the right4ide of the projector.

Projectors are divided into three subsystems:
trangpt-ift syetPm, light syctem, and sound
system.:

_ FILM TRANSPORT SY TEM

The transport systOm of the representive
projector (fig. 16-11A&B) begins with the
foiward, or feed, reel 1) mounted on a latch

type spindle supported by the feed reel
film begins its travel after berg fed i the ill
path. (2) The film passes unde ide rollers an
then passes between the top of the upper drive
sprocket (4) and the upper drive sprocket shoe
(3). Shoes (8) and (11) engage the film in the
lower sprocket ('9),-The feed drive sprocket shoe
presses the film against the feed drive sprocket
teeth and the film is then driven to the upper
loop forming assembly (5) This loop of film
makes possible the intenni tent movement of
the film p,st the aperture (6). . film is moved
past the aperture by the shuttle at rate of 24
frames per second. The aperture plate
film movement from side to side, and a pressire
plate maintains proper tension on the film
against the aperture plate. The film continues
down to the lower loop forming assembly (7).
The loop serves two purposes. First, it allows the
jerky movement of the, film to be absorbed by
the loop, and secondly, it allows proper spacing
of 26 frames between Le aperture and the
sound sensing beam at the sound drum (10). The
distance of 26 frames is necessary to
synchronize the audio with the projected image.
The film is moved (pulled) from the lower loop
forming assembly (7) by the lower drive
sprocket (9). The principal function of the lower
drive Sprnekirt iS t"111110^14 +lie fl".v of film aw it
passes around the sound drum . After the
film completes its turn u the ound drum,
it is again moved by contacting the ower half of
the lower drive sprocket where it is guided down
and to the rear of the projector to the takeup
reel.

The automatic loop restorer will restore. the
lower loop when torn perforations on bad
splices interrupt the norm,' loop. Press dov.a
the system restorer (14) for at least 1 second
when film tension is lost around the sound
drum; this will normally restore the film to its
proper threading path when the film is running
forward.

Tf a large portion of
should be' removed from
repaired.

Manual Threading

:Urn
the

is A^maged, it
projector and

Normally, the automatic load feature is used
when film is set up on the projector. /However,
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the film may be manually threaded, or it may be
removed from the projector at anytime. To
manually thread the projector, take, the
following steps:

Swing the lamp housing open by pulling it
out from the front. Loosen the exciter lamp
cover screw and remove the cover, open the
hinged lens at a right angle toward you. Push the
threading- mechanism release roller (12 in fig.
16-11A&B) to the rear until you hear a
mechanical click. Now open the sprocket guards
(3, 8, 11) by pushing up on (3) and (8) and
down on (11).

Place the film at the beginning of the film
path under roller (2) and engage the film
sprocket holes on the sprocket teeth. Close the
sprocket guard (3) by pushing it .down. Pass the
film- between the film guides (5) and seat the
Mil against the aperture plate between the edge
guide rails. The film is now threaded behind and
under roller (7). Engage the film sprocket holes
on the sprocket teeth (9) and place the film
under the roller. Close sprocket guard (8) and

r, the lens housing. Place the film between the
next two film guides and under the tension
roller (13). Thread the film around the sound
drum (10) and over the roller, now place the
film between the sprocket (9) and the sprocket
guard (11) and over the roller.

Pull on the loose end of the film to separate
the rollers. Then, push,- the film in over the
sprocket flange and engage the sprocket holes.
Close the sprocket guard (11) by pushing
upward. Place the film in front of roller (15),
and under the threading mechanism release
roller (16), under the film guide and in the
threading channel as shown. Attach the film to
the takeup reel. Check the film loop size above
and below the aperture for proper size. If the
loops are not properly formed, turn, the
motor/lamp switch to the forward position and
immediately press the system restorer (14)
down; hold it down for 1 second to reestablish
proper loop size.

LIGHT SYSTEM

The light system (fig. 16-12) consists of the
projection lamp, condensing lens, shutter,

aperture, projection lens, and screen. The light
passes through the condensing lens which
condenses and concentrates the light down to
the size required fOr,projection.

The light path is interrupted by the rotating
blades of the shutter. This allows the full use of
persistence of vision as the light is interrupted
when the film is advanced past the film gate.

The aperture is the precise sized frame the
film. The pressure plate provides tension against
the film and holds the film in the correct
position for. exact focus. These highly polished
surfaces should be kept absolutely clean.

'CP
The projection lens formson the screen the

enlarged image of the illuminated film frame at
the aperture. Generally, two lenses come with
each projector: the standard (with a 2-inch focal
length) which is used with regular motion
picture film, and the anamorphic (fig. 16-13),
which is used with wide screen film. Lenses of
other focal lengths are available through normal
supply channels.

The Navy uses many different types of
screens with motion picture projection. These
vary from readily available retired mattress
covers to expensive glass beaded screens. An
assortment of screens are available through the
stock system; beaded screens, however, tend to
lose their beads when subjected to a. salt
atmosphere and are not recommended for
shipboard use.

LIGHT SOUND SYSTEM

The light sound system (fig. 16-14) begins
with the exciter lamp (1), which supplies a
constant light source. The light passes through
the sound optic lens (2) which forms and
focuses the scanning beam. The constant light of
the scanning beam passes through the sound
track of the film. The light intensity varies as it
passes through the sound track. It is this
variation of light which excites the photo cell
(fig. 16-15). The photo cell transforms the
varying light signal into an electrical signal of
varying intensity which is fed into the 'audio
amplifier and then to loud speakers.

16-13
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1. FEED REEL 9. L'1WER DRIVE SPROCKET

2. GUIDE ROLLERS 10. SOUND DRUM

3. UPPER DRIVE SPROCKET SHOE 11. LOWER SPROCKET BOTTOM SHOE

4. UPPER DRIVE SPROCKET 12. THREADING MECHANISM RELEASE

5. UPPER LOOP FORMING ASSEMBLY 13. TENSION ROLLER
6. APERTURE ASSEMBLY 14. SYSTEM RESTORER
7. LOWER LOOP FORMING ASSEMBLY 15. ROLLER
8. LOWER SPROCKET UPPER SHOE 16. THREADING MECHANISM RELEASE ROLLER

Figure 16-11A.Film transport system.

OPERATION

Only qualified personnel are authorized to
maintain and operate motion picture projection
equipment. Before operating a movie projector,
give the equipment a visual inspection to see
that everything is in order. When necessary,
clean the lens with lens tissue. NEVER touch
the lens with your bare fingers. Inspect- the
projector cord and extension cord, if one is
used, for breaks iri insulation,, proper' size and
properly grounded plugs.

When you have placed the projector in
position for use, make sure the air intake and

77.274

exhaust passages are not blocked. Be sure the
speaker cables and extension cords are arranged
so that they will not interfere with personnel
movement.

Plug the a.c. power cable from the projector
into the ship's 115 volt 60-Hz power supply.
Swing the takeup and supply reel arms into the
operating position. Place the first reel of film to
be shown on the supply reel arm. Be sure that it
loCks into place. Be sure the film is heading out,
that is, the film has been properly rewound and
the leader has been properly trimmed. Install an
empty reel on the takeup reel arm and lock it
into place. Turn the motor/lamp switch to the

16 -144
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Figure 16-11B.Film transport systemContinued.

PROJECT position, and adjust the tilt knob of
the projector so that the projected light is in the
proper position on the screen. Once you have
the projector properly aligned, turn the switch
off. Push the load lever forward until it locks
into the forward position. Turn the motor/lamp
switch to the FORWARD position and insert the
film leader into the film channel until it engages
the sprocket and begi as to feed by itself. After
sufficient film has passed through the projector,
pull lightly on the leader until you hear a click.
You have just released the threading 'Mechanism.
Turn the projector off, and attach the leader end
to the takeup reel. Rotate the reel clockwise to

2
1

wow

kg s
9

I
:el pow,

13

10'
%I

sit

77.274A

remove any slack in the film. Turn the
motor/lamp switch to the PROJECT position.
Use the focus knob as necessary to sharpen the
image, and turn the tilt control knob to center
Ole iniage on the screen.

Keep the volume at ,a low setting until the
title appears on the screen; then, adjust the
volume control to a comfortable level. Adjust
the tone control from the midpoint "0" to bass
or treble until a setting is reached which suits
the room acoustics. Use the framer knob if a
frame separation line appears on the screen;
adjust in either direction until the image is
properly framed.

16-15
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A

PROJECTION LAMP

AND REFLECTOR

CONDENSING

L NS.

APERTURE

FILM

PROJECTION

LENS

/1

SHUTTER

OPTICAL

AXIS

SHUTTLE

SCREEN

VERTICAL /HORIZONTAL ADJUSTMENT

Figure 18-12.The light system.

LEN, TO SCREEN
DISTANCE ADJUSTMENT

SHOULDER SCALE FOR
THROW ADJUSTMENT

77.280
Figure 16-13.Anamorphic lens.

PROJECTOR STORAGE

Turn the motor/lamp switch to OFF.
Remove the film supply and takeup reels from
their support arms, and swing the arms into the
storage= position. Unlock the arms with the
unlocking release buttons.

Lower the projector completely on its tilting
legs, using the tilt control knob. Unplug the
power cord and wind it around the cord
retainer. Fit the cover into the base and fasten
the two top latches of the cover.

3

77.265

2

.1
I,f

10 1,ZON

.1111

1

1. EXCITER LAMP
2. SOUND OPTIC LENS
3. SOUND DRUM

77.2748
Figure 16-14. Light sound system.

OPERATOR CARE

To prevent film damage, clean all surfaces
that contact the film with an approved cleaning
solvent and a soft cloth. Frequently clean the
film path surfaces. To clean the aperture and
pressure plate, swing the lens housing out and
wipe all surfaces clean of any dirt or emulsion
that may have accumulated. Press the side

16-16 4 c.) 4,./
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PHOTO
CELL

FILM

1

f4,0_ '.41MWll
SCANNING

SLIT

SEAM

OPTICAL
D

UNIT
SOUN

OBJECTIVE CONOENSER

TO AMPLIFIER

EXCITER
LAMP

77.281
Figure 16-15.Sound opiical'system.

.tension rail when cleaning the aperture plate and
aperture opening. When you have completed
cleaning, be sure the pressure plate is seated
properly as you close the lens housing.

To replace the projector lamp, first
disconnett the power cord, and then remove the
projector lamp housing. cover. Open the small
snap type clamp that holds the projector lunp in
place. Be very careful if the lamp is still hot; use
gloves or a heavy cloth. To remove the lamp,
grasp it at the back, or base. portion and pull it
straight out. Never touch a projector lamp with
your bare fingers. The trace of oil left by your
skin will cause a bubble to form when the bulb
is hot, and the bulb will fail. Insert the new
lamp, close the lamp clamp, and replace the
cover.

Replacing the Exciter Lamp

Ensure; that the power cord is disconnected
and ren-iove the exciter larpp cover by loosening
the retaining screw. After removing the cover,
release the lamp locking lever by moving it to
the right. Twist the lamp counterclockwise and
lift it off the guide pins. Replace the new lamp
using the reverse procedure, noting that the
notch in the lamp base is pointing forward, or
toward the front of the projector.

PROJECTIONIST'S TROUBLESHOOTING
GUIDEr

The questids which follow are check points
to correct the indicated trouble. If the answer is
NO to any question, make the correction
required.

16-17

Projectu will not thread automatically:

1. Has the film been properly trimmed?
2. Is the lens housing closed, and is the

exciter lamp cover properly placed?
3. Is the autoload lever the forward

threading position?
4. Is the motor/lamp switch turned to

Forward?

No sound, but the exciter lainp lights.

1. Is the film properly threaded?
2. Is the volume control turned up? ,

3. Is the film's sound track adequate?

Inadequate volume.

1. Is the volume control turned up?
2. Is line voltage sufficient (110-129

vac, 60 Hz)?
3. Is the film clean?
4. Is the exciter lamp filament

damaged?

Garbled sound.

1. Is the 91m tight around the sound
drum?

2. Is the tone control set properly?

Inadequate picture brilliance:

1. Is line voltage correct?
2. Is the room properly darkened?
3. Is the distance too far between the .

projector and the screen?

485



ELECTRICIAN'S MATE 3 & 2

4. Is the projection lens clean?

5. Is the projection lamp seated
properly?

6. Is the projection lamp nearing the
end of its effective life`?

This troubleshooting guide is by no
complete. However, if you do not have the ,

proper tools and the manufacturer's technical
manual for a specific model, refer any problems
other than those discussed above to a qualified
repairman.

16-18
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APPENDIX I

GLOSSARY

AIR-CORE TRANSFORMER.---A trans-
former composed of two or more coils, which
are wound around a nonmetallic core.

AMMETER. -An Instrument for measuring
the amount of electron flow in amperes.

AMPERE.The basic unit of electrical
current.

ANODE.A positive electrode of an
electrochemical device (such as a primary or
secondary electric cell) toward which the
negative ions are drawn.

APPARENT 'POWER.That power
apparently available for use in an a.c. circuit
containing a reactive elenient It is the product
of effectiye voltage times effective current
expressed in voltamperes. It must be multiplied
by the power factor to obtain true power
available.

ARMATURE.In a relay, the movable
portion of the relay.

AVERAGE VALUE OF A.C. The average
of all the instantaneous values of one-half cycle
of alternating current.

° B A TT E RY. A for converting
chemical energy into electrical 'energy.

BATTERY CAPACITY.The amount of
energy available from a battery. Battery capacity
is expressed in ampere-hours.

BURNISHING TOOL.A tool used to clean
and polish contacts on a relay.

Al-1

CATHODE.The general name for any .
negative electrode.

CHARGE,Represents electrical energy. A
material }laying an excess of electrons is said to
have a negative charge. A material having an
absence of electrons is said to have a positive
charge.

CIRCUIT.The Complete path of an electric
current.

, A

cARcuLAR MIL.An area eqxial to that of
a circle with a diameter of 0.001 inch. It is used
for measuring the cross-sectional area of wires.

CONDUCTANCE.The ability of a material
to conduct or carry an eleCtric current. It is the
reciprocal of the resistance of the material, and
is expresse0 in mhos or siemans.

CONDUCTIVITY.Ease with which a
substance transmits electricity.

CONDUCTOR.(1) A material with a large
number of free electrons. (2) A material which
easily permits electric current to flow.

COULOMB.A measure of the quantity of
electricity. One coulomb is ecpial to 6.28 x 1018
electrons.

COULOMB'S LAW.Also called the law of
electric charges or the law of electrostatic
attraction. Coulgmb's Law states that charged
bodies attract or repel each other with a force
that is directly Proportional to the product of
their individual charges and inversely
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proportional to the square of the distance EFFICIENCY.Tile ratio of output power
to input power, generally expressed ,..as abetween them.

CPR.Cardio-Pulmonary Resuscitation.

CROSS-SECTIONAL AREA.The area of a
"slice" of an object. When applied to electrical
conductors it is usually expressed in circular
mils.

CURRENT.The drift of electrons past a
reference point. The passage of electrons
through a conductor. Measured in amperes.

DAMPING.The process of smoothing out
oscillations. In a meter, damping is used to keep
the pOinter of the meter from overshooting the
correct-reading. ,

D'ARSONVAL METER MOVEMENT.A
name used foc the permanent-magnet
moving -coil movement used in most meters.

DIELECTRIC FIELD. the space between
and around chargali;bodies in which their
influence is felt. lisilso called Electric Field of
Force or an Electrostatic Field.

DIRECT CURRENT.An electric current
that flows in one direction only.

DOMAIN, 'THEORY. A theory of
magnetism based upon the electron-spin
principle. Spinning electrons have a magnetic
field. If more electrons spin in one direction
than another, the atom is magnetized.

DIY CELL.An electrical cell in which the
electrolyte is not a liquid. In most dry cells the
electrolyte is in the form of a paste.

EDDY CURRENT.Induced circulating
currents in a conducting material that are caused
by a varying magnetic field.

EDDY CURRENT LOSS.Losses caused by
random current flowing in the core of a
transformer. Power is lost in the form of heat.

percentage.

, ELECTRIC CURRENT.The flow of
electrons.

ELECTRICAL CHARGE.Symbel Q, q.
Electric energy stored on or in an object. The
negative charge is caused by an \excess of
electrons; the positive charge is caused by a
deficiency of electrons.

ELECTROCHEMICAL.The action of
converting chemical energy into electrical
energy,.

ELECTRODE.The terminal at which
electricity passes from one medium into
another, such as in an electrical cell where the
current leaves or returns to the elector/N.

ELECTRODYNAMIC METER MOVE-
MENT.A meter movement using fixed field
coils and a moving coil; usually used in
wattmeters.

ELECTROLYTE.A solution of a substance
which is -capable of conducting electricity. An
electrolyte may be in the form of either a liquid
or a paste.

ELECTROMAGNET. An electrically
excited magnet capable of exerting' mechanical
force, or of performing mechanical work.

ELECTROMAGNETIC.The term
describing the relationship between electricity
and magnetism. Having both magnetic and
electric properties.

ELECTROMAGNETIC INDUCTION.The
production of a voltage in a coil due to a change
in the number of magnetic lines of force (flux
linkages) passing through the coil.

E LECTRON .The elemeitary negative
charge that revolves around the nucleus of an
atom.

4 )3
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ELECTRON SHELL.A group of electrons
which have a common energy level that forms
part of the outer structure (shell) of an atom.

E LECTROSTATIC.Pertaining to elec-
tricity at rest, such as charges on an object
(static eIrtriCity).

E LECTROSTATIC METER MOVE-
MENT.A meter movement that uses the
electrostatic repulsion of two sets of charged
plates (one fixed and the other movable). This
meter movement reacts to voltage rather than to
current and is used to measure high voltage.

ELEMENT.-z-A substance, in chemistry, that
cannot be divided into simpler substances by
airy means ordinarily available.

1. .
Appendix

G A LIT ONOMETER. 1.er used to
measure small values ofilw current by
electromagnetic or electrodynamic means.

GROUND POTENTIALZero potential
with respect to the ground or earth.

EMF.(Electromotive Force) The force
which causes electricity to fiow between two
points with different electrical charges or when
there is a difference of potential between the
two points. The unit of measurement in volts.

FERROMAGNETIC MATERIAL.A highly
magnetic material, such as iron, cobalt, nickel,
or alloys, make up these materials.

FIELD OF FORCE.A term used to
describe the total.* force exerted by an
action-at-i-distance phenomenon such as gravity
upon matter,. electric charges acting upon
electric charges, magnetic forces acting upon
other magnets or magnetic Materials.

FIXED RESISTORC resistor having a
definite resistance value that cannot be adjusted.

FLUX.In electrical or electromagnetic
devices, a general term used Ito designate
collectively all the electric or-magnetic lines of
force in a region.

FLUX DENSITY.The number of magnetic
lines of force passing through a given area.

FREQUENCY METER.A meter used to
measure the frequency of an a.c. signal.

AI-3

HENRY (H).The electromagnetic unit of
inductanCe or mutual inductance. The
inductance of a circuit is 1 henry when a current

-variation of 1 ampere per second induces 1-volt.
It is the basic unit of inductance. In radio,
smaller units are used such as the millihenry
(mH), which is one-thousandth of a henry (H),
and the microhenry (pH) which is one-millionth
of a henry.

HERTZ (Hz). A unit of frequency equal to
one cycle per second.

HORSEPOWER (hp).The English unit of
power, equat to work done at the rate of 550
foot-pounds per second. Equal to 746 watts of
electrical .power.

HOT WIRE METER MOVEMENT.A meter
movement that uses the expansion of a heated
wire to move the pointer of a meter; measures
d.c*: a.c.

7
HYDROMETER.An instrument used to

measure specific gravity. In batteries
hydrometers are used to indicate the state of
charge by the specific gravity of the electrolyte.

HYSTERESIS.The time lag of the magnetic
flux in a magnetic material behind the
magnetizing force producing it, caused by the
molecular friction of the molecules trying' to
align themselves with the magnetic force applied
to the material.

HYSTERESIS LOSS.The power, loss in an
iron-core transformer or other alternating-
current device as a result of magnetic hysteresis.

INDUCED CURRENT.Current due to the
relative motion between a conductor and a
magnetic field.
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INDUCED ELECTROMOTIVE
FORCE.The electromotive force induced in a
conductor due to the relative motion between a
conductor and a magnetic field. Also called
INDUCED VOLTAGE.

'INDUCTIVE REACTANCE.The
opposition to the flow of an alternating current
caused by the inductance of a circuit, expressed
in ohms. Identified by the letter Xt

INSULATION. (1) A material used to
prevent the leakage of electricity from a
conductor and to provide mechanical spacing or
support to protect against accidental contact.
(2) Use of material in which current flow is
negligible to surround or separate a conductor to'
prevent loss of current.

;10KILO. A prefix meaning one thousancl

KINETIC ENERGY. Energy which a .b.ody
possesses' by virtue of its motion.

KIRCHHOFF'S LAWS.(1) The algebraic
sum of the currents flowing toward any point in
an electric network is zero. (2) Thealgebraic
sum of the products of the current and
resistance in each of the conductors in any
closed path in a network is equal to the algebraic
sum of the electromotive forces in the path.

LEAD-ACID CELLA cell in an ordinary
storage battery, in which electrodes are grids of
lead containing an active material consisting of
Certain lead oxides that change in composition
during charging and discharging. The electrodes
or plates are immersed in an electrolyte of
diluted sulfuric acid.

LINE OF FORCE.A line in an electric or
magnetic field that shoWs the direction of the
force.

LOAD.(1). A device through Which an
electric current flows and which changes
electrical energy into another form. (2) Power
consumed by a device or 'circuit in performing
its function.

MAGNETICcFIELD.The space in which a
magnetic force exists.

MAGNETIC POLES. The section of a
magnet where the flux lines are concentrated;
also where they enter and leave the magnet.

MAGNETISM.The property possessed by
certain Materials by which these materials can
exert mechanical force on neighboring masses of
magnetic materials; and can cause currents to be
induced in conducting bodies moving relative to
the magnetized bodies.

MEGA.A prefix meaning one million, also
Meg.

MHO, Unit of conductance; the reciprocal
of the ohm.

MICRO.A prefix meaning one-millionth.

MILLI.A prefix meaning one-thousandth. ,

MOVING-VANE METER' MOVEMENT.A
meter movement that useS the magnetic
repulsion of the like poles created in two iron
vanes by current through a coil of wire; most
commonly used movement for a.c. meters.

MULTIMETER.A single meter combining
tit functions of an ammeter, a voltmeter, and
an ohmmeter. .

NEGATIVE TEMPERAT'..sa
teipperature coeftic: exe

pressing the amount of reduction in c ilut of
a quantity, such as resistance for eacl degree of
increase in temperature.

NEUTRALIn a normal condition, hence
neither positive nor negative. A neutral object
has a normal number ofelectrons.

NONTRIP-FREE CIRCUIT BREAKER.A
circuit breaker that tan-be-held ON during an
overcurrent condition.

OHM.The unit of electrical resistance. It is
that value of electrical resistance through which
a constant potential differree of 1 volt across
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Appendix IGLOSSARY

the resistance will maintain a current flow of I
ampere through the resistance.

OHMIC VALUE.Resistance in ohms.

OHM'S LAW.The current in an electric
circuit is directly proportional to the
electromotive force in the circuit. The most
common form of the law is E = IR, where E is
the electromotive force or voltage across the
circuit, I is the current flowing in the circuit,
and R is the resistance of the circuit.

PARALLAX ERROR.The error in meter
is readings that results when you look at a meter
----from some position other than directly in line

with the pointer and meter face. A mirror
mounted on the meter face aids in eliminating
parallax error.

PARALLEL CIRCUIT.Two or more
electrical devices connected to the same pair of
teiminals so separate .currents flow through
each; electrons have more than one path to
travel from the negative to the positive terminal.

PERMEABILITY.The measure of the
ability of a material to act as a path for magnetic
lines of force.

PHASE.The angular relationship between
two alternating currents or voltages when the
voltage or current is plotted as a fUnction of
time. When the two are in phase, the angle is
zero, and both reach their peak simultaneously.
When out of phase, one will lead or lag the
other; at the instant when one is at its peak, the
other will not be at peak value and (depending
on the phase angle) may differ in polarity as well
as magnitude.

PHASE ANGLE,The number of electrical
degrees of lead or lag between the voltage and
current waveforms in an a.c. circuit.

PHASE DIFFERENCE.The time in
electrical degrees by which one wave leads or
lap another.

PHOTONIECTRIC VOLTAGE. --A voltage
produced by light,

Pla).A prefix adopted by the National
Bureau t,1* Standards meaning 16.1 2.

PIEZOELECTRIC EFFECT.The effect of
producing a voltage by placing a stress., either by
compression, expansion, or twisting, on a crystal
and, conversely, producing a stress in a crystal
by applying a voltage to it.

POLARITY.(1) The condition in an
electrical circuit by which the direction of the
flow of current can be determined. Usually
applied to batteries and other direct voltage
sources. (2) Two opposite charges, one positive
and one negative. (3) A quality of having two
opposite magnetic poles, one north and the
other south.

POLARIZATION.The effect of hydrogpr ,
surrounding the anode' f a cell which increases
the internal resistance of the cell.

POTENTIAL ENERGY.Energy due to the
position one body with respect to another
body or to he relative parts of the same body.

POTS OMETER.A 3-terminal resistor
with one r more sliding contacts, which
functions as n adjustable voltage divider.

q p
ocWEPOR.The rate of doing work or the rate

expending energy. The unit of electrical
po er is the watt.

PRIMARY WINDING.The winding of a
transformer connected to the electrical source.

RECIPROCAL. The value obtained by
dividing the number I by any quantity.

RECTIFIER.A device used to convert a.c.
to pulsating d.c.

REFERENCE POINT.A point in a circuit
to which all other points in the circuit are
compared,

RELAY.An electromagnetic device with
one or more sets of contacts whkh changes
contact position by the magnetic rttraction of a
coil to an armature.

A i. _



ELECTRICIAN'S MATE 3 & 2

RELUCTANCE. 7-A measure of the
opposition that a material offers to magnetic

lines of-force.

REPULSION.The mechanical force
tending to separate bodies having like electrical
charges or like magnetic polarity.

RESIDUAL MAGNETISM.Magnetism
remaining in a substance after removal of the
magnetizing force.

RETENTIVITY.The ability of a material
to retain its magnetism.

RHEOSTAT.( 1) A resistor whose value can
be varied. (2) A variable resistor which is used
for the purpose of adjusting the current in a
circuit.

RLC CIRCUIT.An electrical circuit which
has the properties of resistance, inductance, and
capacitance.

. RMS.Abbreviation of root mean square.

ROOT MEAN SQUARE (RMS).The
equivalent heating value of an alternating
current or voltage, as compared to a direct
current or voltage. It is 0.707 times the peak
value of a sine wave.

ROTARY SWITCH.A multicontact switch
with contacts arranged in a circular or
semicircular manner.

SCHEMATIC CIRCUIT DIAGRAM.A
circuit diagram in which component parts are
represented, by simple, easily drawn symbols.
May be called schematic.

SCHEMATIC SYMBOLS.A letter,
abbreviation, or design used to represent specific
characteristics or components on a schematic
diagram.

SECONDARY.The output coil of a
transformer.

SELF-INDUCTION.The production of a
counter-electromotive force in a conductor

when its own magnetic field collapses or
expands with a change in =rent in the
conductor.

SENSITIVITY.(1) For an am. .er: the
amount of current that will cause full-scale
deflection of the meter. (2) For a voltmeter: the
ratio of the voltmeter resistance divided by the
MU-scale reading of the meter, expressed in
ohms-per-volt. 4

SERIES CIRCUIT.An arrangement where
electrical devices are connected so that the total
current must flow through all the devices;
electrons have one path to travel from the
negative temaal to the positive terminal.

SERIES-PARALLEL CIRCUIT.A circuit
that consists of both series and parallel
networks.

SINE WAVEThe curve traced by the
projection on a uniform time scale of the end of
a rotating arm, or vector. Also known as a
sinusoidal wave.

SOLENOID.An electromagnetic device
that oranges electrical energy into mechanical
meion; based upon the attraction of a movable
iron plunrs to the core of an electromagnet.

THERMAL-MAGNETIC TRIP ELE-
MENT.A single circuit breaker trip element
that combines the action of a thermal and a
magnetic trip element.

THERMOCOUPLE.A junction of two
dissimilar metals that produces a voltage when
heated.

THERMOCOUPLE METER MOVE-
MENT.A meter movement that' uses the
current induced in a thermocouple by the
heating of a resistive element to measure the
current in a circuit; used to measure a.c. or d ;c.

THETA.The greek letter (0) used to
represent phase angle.
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TIME CONSTANT.The time required to
charge a capacitor to 63.2 percent of maximum
voltage or discharge to 36.8 percent of its final
voltage.

The time required for the current in an
inductor to increase to 63.2 percent of
maximum current of decay to 36.8 percent of
its final current.

TOLERANCE.(1) The maximum error or
variation from the standard permissible in a
measuring instrument. (2) A maximum electrical
or mechanical variation from specifications
which can be tolerated without impairing the
operation of a device.

TRANSFORMER.A device composed of
two or more coils, linked by magnetic lines of
force, used to transfer energy from one circuit
to another.

TRANSFORMER EFFICIENCY.The ratio
of output power to input power, generally
expressed as a percentage.

ou t
Efficiency

p X 100

TRANSFORMER, STEP-DOWN.--A
transformer so constructed that the number of
turns in the secondary winding is.less than the
number of turns in the primary winding. This
construction will provide less voltage in the
secondary circuit than in the primary circuit.

TRANSFORMER, STEP-UP.A transformer
so constructed that the number of turns in the
secondary winding is more than the number of
turns in the primary winding. This construction
will provide more voltage in the secondary
circuit than in the primary circuit.

TRIP-ELEMENT.The part of a circuit
breaker that senses any overload condition and
causes the circuit breaker to open the circuit.

TRIP -FREE CIRCUIT BREAKER.A.
circuit breaker that will open a circuit even if
the operating mechanism is held in the ON
position.

TRUE POWER.The power dissipated in
the resistance of the circuit, or the power
actually used in the circuit.

TURN.One complete loop of a conductor
about a core.

TURNS RATIO.The ratio of number of
turns in the primary winding to the number of
turns in the secondary winding of a transformer.

VOLT.The ,unit of electromotive force or
electrical' pressure. One volt is the pressure
required to send 1 ampere of current through a
resistance of 1 ohm.

VOLTAGE. (l) The term used to signify
electrical pressure. Voltage is a force which
causes current to flow through an electrical
conductor. (2) The voltage of a circuit is the
-greatest effective difference of potential
between any two conductors of the circuit.

VOLTAGE DIVIDER.A series circuit in
which desired portions of the source voltage
may be tapped off for use in equipment.

VOLTAGE DROP.The difference in
voltage between two points. It is the result of
the loss of electrical pressure as a current flows
through a resistance.

WATT.The practical unit of electrical
power. It is the amount of power used when 1
ampere of d.c. flows through a resistance of 1
ohm,

WATTAGE RATING.A rating expressing
the maximum power that a device can safely
handle.

WATT-HOUR.A practical unit of electrical
energy equal to 1 watt of power for 1 hour.

BER'S THEORY.A theory of
magnetism , which assumes that all magnetic
material is composed of many tiny magnets. A
piece of magnetic material that is magnetized
has all of the tiny magnets aligned so that the
north pole of each magnet points in one
direction.

AI-7
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APPENDIX II

WORKBENCHES, GROUND REQUIREMENTS

AND 'SAFETY MATTING

The following information on workbenches,
ground requirements, and safety matting is
extracted from: MIL-STD 1310D, drawing No.
NAVORD 63-A-114, and General Specifications
for Ships of U. S. Navy. For more detailed
information, obtain these publications, and
study them.

ELECTRICAL AND
ELECTRONIC WORKBENCHES

I. Construction. Electrical and electronic
workbenches for use aboard U.S. Navy ships
shall be of a modular type construction in
accordance with drawing No. NAVORD
63-A-114. (See figure 1.)

When longer workbenches are required,
modules. may be joined together to construct a
workbench of the desired length. However, no
more than one Auxiliary Table Assembly, unit
63A 1 14D5 should be used between cabinet
assemblies.

Unit 63A114D3, Cabinet Base
Assembly, is optional for use with the new
cabinet assembly. Its use aboard ship is

recommended to minimize damage to the
cabinet assemblies from buffers, etc.

2. Insulation. Insulation shall be in
accordance with the following (refer to
figure 1).

Top working surface. Insulate the top
working surface with 3/8-inch Benelex 401. For

long workbench assemblies, it is recommended
that the insulation be cut and installed as a
single piece over the top, surface. Secure the
insulation to the working surface with
counter-sunk 1/4-20 nylon screws.

Top edge, front edges and door and
drawer fronts. Insulate those front surfaces of
the cabinet and table assemblies which a person
might contact while standing or leaning against
thettnt of the workbench with 1/8-inch
Benelex 401. Secure the insulation to the fronts
and edges with counter-sunk 1/4-20 nylon
screws or cement to the surface with a cement
conforming to Fed. Spec. MMM-A-121.

Exposed sides, kneeholes, etc. Exposed
sides, and kneeholes and other surfaces which a
person might contact while performing normal
maintenance at the workbench should be
insulated with a high-pressure laminate (nominal
1/32-inch thinkness) conforming to Type I of
MIL-P-17171C(SHIPS) or Type 1 of Fed. Spec.
L-P-508H. Secure the insulation to the surfaces
with a cement conforming to Fed. Spec.
MMM-A-121.

Preferred stock numbers. The national
stock numbers shown in table 1 for materials to
be utilized for insulation of electrical and
electronic workbenches is not all-inclusive.
Other high-pressure laminates may be
substituted, however, substitute materials should
conform to the listed military or federal
specifications.

All-1
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ELECTRICIAN'S MATE 3 & 2

63A1I4D4, BACK PANEL
& SHELF ASSEMBLY

63A114F12 DISTRIBUTION BOX,
ELECTRICAL, TYPE EPOP-II
(WHEN APPLICABLE)

r""

47-1..1 3/8 INCH. BENELEX

VA?'

I/8 INCH BENELEX

HIGH PRESSURE LAMINATE

63A41405, AUX.
TABLE ASSEMBLY

63A114J2, CABINET ASSEMBLY

63A114D3, BASE ASSEMBLY

CABINET ASSEMBLY

CABINET BASE ASSEMBLY*

BACK PANEL ASSEMBLY

AUXILIARY TABLE ASSEMBLY

ELECTRICAL DISTRIBUTION
BOX ASSEMBLY**

NOT PART OF OLD DESIGN AND OPTIONAL FOR USe WITH THE NEW CABINET ASSEMBLY. PROVIDES 4"ELEVATION AND TOE SPACE. REQUIRED FOR SHORE BASE INSTALLATIONS ONLY.

**OPTIONAL WITH SHIPBOARD INSTALLAIONS.

NSN IN6625-00-851-4I56

NSN IN6625-00-851-2I57

NSN 'N6625-00-851-2158

NSN IN6625-00-85I-2159

NSN IN6610-00-839-8026

Figure 1.Electrical and Electronic Workbench.
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Appendix IIWORKBENCHES, GROUND REQUIREMENTS AND SAFETY MATTING

Material

Insulation, Benelex 401

Liminate, High pressure,
Fed. Spec. is-P-508H

Laminate, High pressure, -
MIL-T-17171

Size/Quan

1/8-inch
3/8-inch

0.062" 4' x 8'
Linen Green

0.062" x 4' x 3'
Charcoal

0.062" x' 2' x 4'
Light Gray

0.062" x 2' x 6'
White

Cement, MMM-A-121 pint
quart
gallon

Screw, Nylon, 1/4-20 x 3/4" HD

NSN

9Q-5640.00.256-5195
9Q-5640.00-256-5194

9330-00. 784-0311

9330-00.990-3432

9330. 00-531-0811

9330-00-257-3683

9Q-8040.00-273-8717
9Q-8040. 00-165-8614
9Q-8040.00-843-3461

9Z-5305-00.543-5733

TABLE 1

3. Isolated power circuits.

Transformers. In order to minimize the
electric shock hazard and possible damage to
equipments and the ship's power distribution
system, General Specifications for Ships of the
U.S. Navy, paragraph 331b, requires that all
120-volt, 60-hertz, single-phase receptacles (such
as workbench receptacles) be connected to
single-phase circuits through isolating
transformers. on the basis of the following
principles:

Circuits supplying receptacle
connectors shall not supply other types
of load. Each circuit [ workbench] shall
have its own isolating transformer. The
transformer shall be either 450/120-volt
supplied from a 450-volt load center or
120/120-volt supplied from a 120-volt
distribution point.

Disconnect switches. General
Specifications for Ships of the U.S. Navy,
paragraph 320c, requires that each item of
electronic equipment connected directly to the
ship's electrical power distribution system be
provided with a means for disconnecting the
equipment from the electrical power
-distribution system. This disconnecting means
shall be located within the compartment or
space in which the equipment is located.
Wherever practicable, the disconnecting means
shall be the electronic equipment distribution
panel or distribution box- with switches [ circuit
breakers], if located within the compartment or
space. If the distribution panel or box is located
outside the space, a single switch or circuit
breaker should be used ( for each workbench].

Power receptacles. Only approved power
receptacles should be mounted on electrical and
electronic workbenches. Power receptacles
should conform to Table 2.

AII.3
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ELECTRICIAN'S MATE 3 & 2

Description

Receptacle, double,
15-ampere, 125-volt,
60-hertz, single-
phase, bladed type,
GND

Receptacle panel, six-
outlet, 125-volt,
60-hertz

Receptacle panel, eight-
outlet, 125-vol:,
60-hertz

Receptacle, double,
15-ampere, 125-volt,
400-hertz, single-
phase, bladed type,
TE, GND

Electrical Distribution
Box Assembly

Symbol Nc,

730.1

754.2

755.3

1100

63A114F12

NSN

9G-5975-00-284-5827

1H-6110.00-889-0990

9N-5935-00-091-9436

9N-5935-00-577-0283"

1N-6610-00-839-8026

TABLE 2

Warning Signs. A warning plate shall be
installed above each workbench and shall read:

-DANGER-
Electrical Shock

Do Not Touch Energized Circuits

Resusication instructions and
instructions which give an approved method of
rescuing personnel in contact with energized
circuits shall also be posted adjacent to
switchboards supplying electrical and electronic
workbenches.

4. Bonding and grounding. Bonding and
grounding of electrical and electronic
workbenches shall be in accordance with
Military Standards MIL-STD-1310(series). (See
figures 2 and 3.)

SAFETY MATTING

The following was extracted from General'
Specifications for Ships of the U.S. Navy.

Electrical grade sheet deck covering
conforming to Mil. Spec. MIL-M-15562, type I,
shall be installed on decks located in
compartments designated as electrical or
electronic spaces. Prior to installing the deck
covering, the deck shall be primed in accordance
with Sect. 631.

No seams shall be within 3 feet of
electrical/electronic equipment, panels, and
workbenches. If this is unavoidable, seams shall
be heat welded or chemically sealed to provide a
continuous surface free of seams, craters, or
porosities.

All-4 4 j
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If the compartment that .contains electrical
equipment, such as electrical workbenches,'
switchboards, or panels, but is not an electrical
area as designated herein (see table, para. 634d),
a portable mat conforming to type II or III of
Mil. Spec. MIL-M-15562 may be installed for
personal safety over the deck covering specified
in lieu of Mil. Spec. MIL-M-15562, type I sheet
covering. The electrical grade mat shall be
installed in way of insulated work benches and
operating and servicing areas of electrical panel
and switchboards over a minimum area
necessary prevent the hazards of electrical

shock, but not less than 3 feet wide. Exposed
corners shall be rounded off.

Cementing of the mat is optional. Cementing
of the sheet material shall be in accordance with
the Manufacturer's instructions. In way of
removable deck plates, the sheet shall be
installed without cement.

Joints of portable deck plites which have
vinyl sheet in way of electrical and electronic
equipment shall be covered with epoxy
fiberglass strips, Mil. Spec. MIL-P-18177, type
GEE, secured with nylon screws in accordance
with drawing, NAVSHIPS No. 805-2104467.



SEE NOTE 4

SHEET 2

FRONT VIEW

GROUND WIRE ROUTING ,

A'

06

SEE NOTE S

SHEET 2

SIDE VIEW

GROUNDING OF SIDE CABII,ETS

0606

SECTION T-

GROUNDING OF CENTER CABINET

SEE GROUND CABLE

CONNECTIONS DETAILS

SHEET

LIST OF MATERIAL

ITEM

K. 'PART
SPECIFICATION NOTE

1 HIRE, INSULATED, TYPE 02 N1.16818/3 1,2

2 CLANP, CABLE, ALUMINUM cuni 9

3 HASHER, LOCK, 1/8 01A, STEEL MS35318.16 2,3,6

4 NUT, 4E0, 3/8.16 UNC.28, STEEL 0451961-8 2,3,6

5 STUD, 318 4 :CPL
SiN OR EP 10 NELSON

STUD 101.01/-191 2,3,6

6 NUT, 3044, 3/8-18 sca, STEEL 0635611.11 2,3,6

7 LUG, SOLDER TYPE, COPPER MS3S436.25 2,3,6

8 HIRE, SAIL COPPER, 1050 51090E0
M1)6145191.8462 Sit'

9 LUG, TERMINAL, COPPER 0520659.109' 5,6

10 SCREW, CAP, HAM HEAD, 1/4.2011, STEEL MS90125.8 6,6

11 WASHER, LOCK
MS35333.40 5,6

12 NUT, HD, 1040, STEEL 0551967-2 5,6

13 WIRE, INSULATED, TYPE 010 MIL-H.1681813 3,6

14 CLIP, PC4410, SO AMP, TYPE PC 6.0. 40 3

IS SLEEVE, INSULATING, BLACK HC.140 3

II CLAMP, CABLE, NYLON TIM OR IQ TO HE19441

H, SMITH 714
i

17 SCREH, PM HO, 10.32 UNF.2A 4 518, STEEL MS35207.264 1,9

11 W4511511, 54T. TOOTH, 145. 10, STEEL MS35335.32 /

19 NUT, NU 10.32 Mt -29, STEEL NSI5650.302 1

20 BUSHING, SNAP, 318 10, NYLON SIN OR IQ 10 HEIMAN

MFG. CO. 58.500.6

Figure 2.Workbendos founding,

SEE FIGURE 3 FOR NOTES

ts)
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SEAVIT POST BRACKET

(SUPPLIED WITH BACK PANEL ASSEMBLY)

SEE DRAWING 63A11013

r..

WORKBENCH OR AUK TOP

BACK PANEL

wt!.

DECK OR MAIN

BULKHEAD MEMBER

DETAILS,OROUND CABLE CONNECTIONS

Figure 3,- Workbenches grounding,

ONES:
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APPENDIX III

4' ELECTRONICS SYMBOLS

AMPLIFIER (2)

GENERAL

/WITH TWO INPUT

WITH TWO OUTPUTS

WITH ADJUSTABLE GAIN

WITH ASSOCIAJED POWER
SUPPLY

vr T H ASSOCIA fCO ATTENUA.
TOR

69TH EXTERNAL FEEDBACK
P ATH

AMPLIFIER LETTER COMBINA
TIONS (amplilifliaso identifies.
Ilan In symbol II reep.olve51)

B OG
BST
CM
DC
VIP
LIM.
MON
PGA(
PRE
/ WM
TRO

°BRIDGING
BOOSTER
COMPRESSION
DIRECT CURRENT
EXPANSION
LIMITING
MONITORING
PROGRAM
PRELIMINARY
POWER
TORQUE

ANTENNA (3)

GENERAL

DIPOLE

LOOP

1F

COUNTERPOISE

ARRESTER, LIGHTNING (4)

GENERAL

CARBON BLOCK

ELECTROLYTIC 01ALUMINUM
CELL

-->>>-
HORN GAP

C--

PROTECTIVE GAP

SPHERE GAP

7-4 E--
VALVE OR FILM ELEMENT

-I1F--
.

MULTIGAP

00 0.."5
ATTENUATOR, FIXED

Isom PAD) (37)
(soma symbol is variable
ottonuotor, wIlhout vori
ability)

ATTENUATOR, VARIABLE (5)

BALANCED

UNBALANCED

41"
AUDIBLE SIGNALING

DEVICE (6)

BELL, ELECTRICAL; RINGER,
TELEPHONEJo
BUZZER

HORN, ELECTRICAL; LOUU
SPEAKER; SIREN; UNDE R
WATER SOUND HYDROPHONE,
PROJECTOR OR TRANSDUCER

HORN, LETTER COMBIIIATIONS
II) required)

HN HORN, ELECTRICAL
HW HOWLER
LS LOUDSPEAKER
SN SIREN
}EN ELECTROMAGNETIC

WITH MOVING COIL
MAN ELECTROMAGNETIC

WITH MOVING COIL
AND NEUTRALIZING
WINDING

NG MAGNETIC ARMATURE
1PM PERMANENT MAGNET

WITH MOVING COIL

(identification replaces ()
stefith and It) doggaf)

SOUNDER, TELEGRAPH

BATTERY (7)

GENERALIZED DIRECT CUR.
RENT SOURCE; ONE CELL

MULTICELL

CAPACITOR (a)

GENERAL

POLARIZED

ADJUSTABLE OR VARIABLE

CONTINOUSLY ADJUSTABLE
OR VARIABLE DIFFERENTIAL

w
PHASE.SHIFTER'

.1.

T
SPLITSTATOR

I

FEEDTHROUGH

CLA1
CELL, PHOTOSENSITIVE

(Seasisonflustor) (3)

ASYMMETRICAL PHOTOCON
DUCTIVE TRANSDUCER

\\'
SYMMETRICAL PHOTOCONPHOTOCON
DUCTIVE TRANSDUCER

*NUMBER IN PARENTHESIS INDICATES LOCATION OP SYMBOL (N MIL.STD PUBLICATION

Figure A111-1.Elsottonlos symbols.
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ELECTRICIAN'S MATE 3 &

PHOTOVOLTAIC TRANSDUCER;
SOLAR CULL/ titi

CIRCUIT RIANIN (11)1

M/ORAL

II)

WITH MAGNITIC OVERLOAD

0 R

DRAWOUT TYP1

CIRCUIT ILIMINT (IX

GENERAL

CIRCUIT ELEMENT LETTER
COMBINATIONS Intgleelts
asterisk)

10 fOUAL1ZER
FAX FACSIMILE SET
FL FILTER
FLBE FILTER, BAND

ELIMINATION
FL1111 FILTER, BAND PASS
FLNP FILTER, HIGH PASS
FLLP FILTER, LOW PASS
PS. POWER SUPPLY
RO' RECORDING UNIT
RU REPRODUCING UNIT
DIAL TELEPHONE DIAL
TEL TELEPHONE STATION
TPR TELEPRINTER
TTY TELETYPEWRITER

ADDITIONAL LETTERCOMBINA-
TINS (symbols otolotto4)

,AR AMPLIFIER s
AT. ATTENUATOR
C 'CAPACITOR
CB , CIRCUIT BREAKER
HS. ,HANDSET
I "\ INDICATING OR INTO(

BOARD LAMP
INDUCTOR
JACK

LS t LOUDSPEAKER
"3/4MIC MICROPHONE

OSC OSCILLATOR
PAD PAD .

PLUG
MT , RECIIVER, HEADSET
K ' RELAY
R RESIStORI swyrcH OR KEY SWITCH
T , VIANSPORMER
WR WALL RECEPTACLE

CLUTCH; IRANI ((1)

DISINOAOIDWNIN °PIRATING
MIAMI IS DI.ININGIZID

3 OR

IN0A010 WHIN OPIRATINO
MIAMI IS DI.INIROMID

c, ..rJ'121.

COIL, REPLAY sod
OPIRATINO

OR

SEMICIRCULAR DOT INDICATIS
INNER END OP WIRING

+ OR

CONNECTOR ON

ASSEMBLY, MOVABLE OR STA.
TIONARY PORTION; JACK, PLUG,
OR RECEPTACLE

OR

JACK OR RECEPTACLE

OR 0
PLUG

ti
CONNectORL

OR CO

TWDC001tt'^"1. '1'I111160ARD
JACK

Dv"'
TWO-CCOIDUCTOR SWITCHBOARD
PLUG

JACKS NORMAL L ED THROUGH
ONE WAY

7ri
-Iv

JACKS NORM.ALL ED THROUGH
BOTH WAYS

0 I Vre"

ri 0 Pir
KONDUFEMALE

CONTACT S
CTOR NINIPOLARIZ ED,

2CONDUCTOR POLARIZED, MALI
CONTACTS

-e-

WAVIOUI01 PLANOI

PLAIN, RICTANOULAR

Ef!"
CHOKI, RICTANOULAR

--EK
1110/4010 .1.CONDUCT011; The
PLUG HAI I MALI AIID 3 Pl.
MALI CONTACTS, 111(1VIDUAL
CONTACT DISIONATIONS SHOWN

,11011.

C Mien

r0A)r
II(1

OR 1'(034'+'
D(.J

COAX AL, OUTSIDE CONDUCTOR
SHOWN CARRIED THROUGH

C?_.L)?
COAXIAL, 'CENT EN CONDUCTOR
SHOWN CARVED THROUGH; OUT-
SIDE CONDUCTOR NOT CARRIED
THROUGH

x -4

MATPD CNGCR FL,HGES IN REC.
TAWAIL AO WA JIDC

-El< >El--
COUNTER, ILICTROMA0/411114

MISSAGO REGISTER (24)

GENERAL

c*vb
WITH A MAKE CONTACT

cteib
COUPLER, DIRECTIONAL On

(sommon sesidel/wevegulds

(sommet mesIolliosevow Id. us...)

EPLANE APERTURE-COUPLING,
30DECIBEL TRANSMISSION LOIS

X 0 30

COUPLING (N)

BY LOOP PROM COAXIAL TO
CIRCULAR WAVIOUIDI, DIRECT.
CURRENT GROUNDS CONNICT1D

CRYSTAL, P111.0.
ILICTIYC

DELAY L1111(31)

GENIRAL

TAPPED DELAY

111/i,, AM %LOW.WAYE STRUCTURE
(0P,"44111 4160.4In tfaVOIn5weV41
NM')

I

(length el delay InIketlen teOlooiso
I') stmlek)

DETECTOR. PRIMARY;
MEASURING TRANSDUCER (30)

Wm NALL MIAMI sad
THERMAL CONVERTER)

DISCONTINUly1(33C

(sopmen comae, Awevegoldit

EQUIVALENT SERIES ELEMENT,
GENERAL

CAPACITIVE REACTANCE

INDUCTIVE REACTANCE

INDUCTANCECAPACITANC1 OR.
OJIT, INFINITE REACTANCE AT
RESONANCE

Figure AIII-1.Eleotronlos symbolsContinud. 13.60 70113
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Appendix IIIELECTRONICS SYMBOLS

INDUCTRACICAPACTANCE TWIN TRIO0f. 40t/IIOT t Y STROM, INTEGRAL
CIRCUS. ZERO REAcTANcil AT J GATNODE c.11Tv, APERTURE COUPLED
Elf ISSANCI

lifinTANCE

POINTALENT sNLIHT
{{MEAL

CRPACIT NEE SUSCIPT APACE

CONDIX VANCE

NIERECETwE SUSC EPTANCE

*SICT NA I PA tl T AP/CE
°KIN! SOF Ott TE SAIVr.1 PT
*MCC AT erSORANCE

INIRKEmsCat.APAC:TsoCE
adowt. Ian AuSCEPTANCE
AT OtIelsasset

SLIECTININ T-111 MR

TRION

TYPICAL WIRING FIGURE TO
:NO TUBE SYMBOLS Pt ACID
IN ANY CONVENIENT POSITION

RECTIFIER. VOLTAGE RiGt1
:ATOP
(blr0 LANP, C.LOR)

PNOTOTUSE. SINGLE A040 xtuL TI-
P1:11

TRANSMIT RECEIvE (TR)
TUBE GAS FILLEO, TUNABLE
INTEGRAL CAVITY, APERTURE
COUPLED, WITH STARTER

TRAVELING -WAVE TWEE ItywyII

FORWAROwAVE TRAvELING
W AVE-Tull AMPLIFIER SHORN
W ITH POUR GRIDS, HAVING
SLOW RAZE STRUCTURE WITH
Al TENUA71011, MAGNETIC
FOCUSING ST EXTERNAL
DeRIARNENT MAGNET, IN
PUT AND .1 OUTPUT COU-
PLING EACH IE-PLANE APER-
TURE TO EXTERNAL REC
TANGULAR

POIVESE4 INIFELONE coNNECT.
IS eau Y usumsai.

CAssOof WAY Tula. ELECTRO-
STATIC AND rAGNE TIC OE
ELECTION

INEIKURY POOL TUBE. IGNITOR
AND CONTROL OR D Is.. RECT.
FIER)

RE SONAM MAGNETRON. CO.
AXIAL OUTPUT AND PERNA.
RENT MAGNET

FERRITE DEVICES MO)

FIELO POLARIZATION ROTATOR

FIELO POLARIZATION AMPLI-
TUDE MODULATOR

FUSE ISA/

I41" OLTAGE PRIMARY CUT.
OUT. Oil

OR dt)..._

NIGH VOLTAGE PRIMARY CUT
OUT. OIL

OR

GOVERNOR Ito...A....Wu*
(37)

CONTACTS SHOWN HERE AS
CLOSE°

HALL GENERATOR U1)

HANDSET (A)

GENERAL

OPERATOR'S SET WITH PUSH-
TO TALK SWITCH

GENERAL

H ARID (41)

JUNCTION
01111101/greood8 006.1140

IE

O
CIRCULAR

(E. H Ntm......1..141.n
c..011 esphils ( ) Ilen eh)

RECTANGULAR YiVEGUIOE ANO
COAXIAL COUPLING

of

INDUCTOR (421

GENERAL

nevrs OR ;yr

A111- stfolboesComed 7

-

5u5 111 '''
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I I

ELECTRICIAN'S MATE 3 & 2

MAGNETIC CORE

TAPPEO

7
AOJUSTABLE, CONTINUOUSLY
ADJUSTABLE

T
KEY. TELEGRAPH (43)

LAMP (44)

BALLAST LAMP, BALLAST TUBE

LAMP, FLUORESCENT, 2 AND 4
TERMINAL

--Eb ,0 c*3

LAMP, GLOW, NEON LAMP

A-C

LAMP, INCANDESCENT

INOICATING LAMP; SWITCHBOARD
LAMP
(see VISUAL SIGNALING DEVICE)

LOGIC (sett 10611 end Y32-141
(including coma duplicat symbols,
left and rtpktnd symbols me net

AND ft...lotin

OR lenctin

OR

OR

EXCLUSIVE-OR function

OR

(l input side floplc symbols In
general)

CONOITION INDICATORS

STATE (leek nerstien)

0
A LOGIC NEGATION OUTPUT BE
COMES 1STATE IF AND ONLY IF
THE INPUT ISNOT 1STATE

AN AND FUNC. WHERE OUTPUT
IS LOW IF AND ONLY IF ALL
INPUTS ARE HIGH

BA

ELECTRIC INVERTER

OR 0
(lc. Maw eetma becomes 1-state
if and only If the 'newt Is 1stete)
(lac. inmr. 'omit is mere pos. If
and wily II input is less pee.)

LEVEL (reletims)

1-STATE IS
LESS +

1-STATE IS
MORE

(symbol is re. triangle 'siemens in
direction 1 fllo)

. AN AND FUNC. WITH INPUT
1STATES AT MORE POE. LEVEL
AND OUTPUT 1STATE AT LESS
POS. LEVEL

SINGLE SHOT (n* opet)

SS

(wevilnn data r 401* e s insids/et
side ('))

SCHMITT TRIGGER, WAVEFORM
AND TWO OUTPUTS

.SpSEC

FLIP -FLOP, COMPLEMENTARY

FLIP.FLOP, LATCH

REGISTER

1 1 1 1

SES S
10(4) C

10 10 10 10

1111 1111

Iinry reel ter Moe ins leer flip
flaps and bits)

AMPLIFIER (me AMPLIFIER)

OR

CHANNEL PATH() (see PATH,
TRANSMISSION)

MAGNETIC HEADS (see PICK
UP HEAD)

OSCILLATOR (se OSCILLATOR)

OR O
RELAY, CONTACTS (see CON.
TACT, ELECTRICAL) RELAY,
ELECTROMAGNETIC (see RELAY .

COIL RECOGNITION

SIGNAL FLOW (see DIRECTION OF
FLOW)

TIME DELAY (sett DELAY LINE)

(11

T ME DELAY WITH TYPICAL 0E
LAY TAPS:

IA Ms

FUNCTIONS NOT OTHERWISE SYM-
BOLIZED

(likietlfli lee replete, ())

LOGIC LETTER COMBINA :OHS

5

C
T
(N)
BO
CF
EF
FF

ST

SET
CLEAR (reset)
TOGGLE (MVOs')
NUMBER OF BITS
BLOCKING OSCILLATOR
CATHODE FOLLOWER
EMITTER FOLLOWER
FLIP.FLOP
SINGLE SHOT
SCHMITT TRIGGER

RO(N) REGISTER (N stages)
SR SHIFT REGISTER

MACHINE, ROTATING (46)

GENERATOR

MOTOR

MITER, INSTRUMENT (4)

0
(identification replaces (I asterisk)

METER LET TER COMBINATIONS

A AMMETER
AM AMPERSMOUR
CMA CONTACT-MAKING (r

rekieg AMMETER
CMC CONTACfAIAKING (er

breaking) CLOCK
CMV CONTACTMAPKING (r

brooking) VOLTMETER
CRO OSCILLOSCOPE OR

CATHODE-RAY OSCIL-
LOGRAPH

DB DB (dciel)METER
DIM DIM (decibels referred to

1 onillItmott) METER
DM DEMANO METER
DTR DEMAND-TOTALIZING

RELAY
F FREQUENCY METER
G GAL VANOMETER
GO GROUND DETECTOR
I INDICATING
INT INTEGRATING
pA r
UA MICROAMMETER
MA MILLIAMMETER
NM NOISE.METER
OHM OHMMETER
OP OIL PRESSURE

Figure AIII-1.Electronics symbols Continued.
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Appendix HIELECTRONICS SYMBOLS

MODE TRANSDUCER (53)

(common coe.iI /eevegwd usage:

TRANSOUCER FROM RECTANGU
LA R WAVEGUIDE TO COAXIAL
WITH MODE SUPPRESSION, 01
RECTCURRENT GROUNOS CON.
NECTED

STEREO

- E3
RECTIFIER

SEMICONDUCTOR
LIC RECTIFIER;
RECTIFIER. ASYMMETRICAL
VARISTOR

MERCURYPOOL
RECTIFIER

(65)

0100E; METAL.
ELECTROLYTIC

TUBE POWER

RESONATOR,

tcemeon ceskelhoeveuid

RESONATOR
PRESSION
PLANE APERTURE
TRANSMISSION
LOOP TO

TUNIC)
CAVITY UI)

ueeee)

WITH MODE SUP
COUPLED BY AN E

TO A GUIDED
PATH AND BY A

A COAXIAL PATH

.

BREAKDOWN. 0100E, UNIDIREC
.11vO.NAL (II so

,..std
dts4e,

lenell died.. velleg regulwer
died*. Zone. dIede, vole... ole
diode'

.

All--el--- OR

J

BREAKDOWN 0100E. BIOIRECTION.
AL AND BACKWARD DIODE (.1..
14.114. vellage ll.R.I.t)

F45e3r.

MOTION. MECHANICAL ISO

ROTATION APPLIED TO A RE.
SISTOR

IL°A OR ---7t

I

(id,...,.,.., ,,,,,. II oaten IA)

NUCLEARRADIATION OETECTOR
GAS FILLED; IONIZATION CHAM
BEA; PROPORTIONAL COUNTER
TUBE;
GEIGEMULLER COUNTER
TUBE (50) (us RAOIATION
SENSITIVITY INDICATOR)

VI

PATH. TRANSMISSION (SE

CABLE; 2-CONDUCT0144. SHIELO
oROUNOED AND 5CONDUCTOR
SHIELDED

.

WITH DI.
CON -

DE.
COUPLE()

TO
WAVEGUIDE

TUNABLE
RECT.CURRENT
NECTED TO
VICE AND
BY AN &PLANE
A RECTANGULAR

.
41N-

ROTARY
(COUPLER)

GENERAL;
WAVEGUIDE

(Hen.fniee,en
reelects

COAXIAL
LA R WRVEGU1DE

CIRCULAR
IN RECTANGULAR

SEMICONDUCTOR
(Toy

SEMICONOUCTOR
FIER

.-114-- OR

"Al
RESONATOR

GROUND
AN ELECTRON

ADJUSTABLY
APERTURE

0

71441i OR IS
TUNNEL DIODE (also EsekI d.66)

AftFUL LW* YE BRIDGETYPE

RESISTOR

GENERAL

---W. OR

TAPPED

-ir-- OR

HEATING

(611)

1=3

4:FT

{Ml}
RESIST-
(silicon

--lot
]

OR up
TEMPE RATURE.DEPENDENT
DIODE

aft

JOINT,

WITH RECTANGULAR

4 (,..0
poll,

V) elerish)

TYPE IN

A ©
WAVEGUIOE

A (E.).

T6N61441,

--ef

.48

RF
(71)

0.__

recegnillen Byrn

RECTANGU

9-
TYPE

WAVEGUIDE

DEVICE (7S)
41666)

DIODE; RECTI

0 --e

T--.4---.e
OR Iv

PI/0700100E (sloe 4616. cell).

IA IA41.
SEMICONOUCTOR DIOOE. PNPN
SWITCH (oleo Shoddily diedle, (ew
leyr diode end SCR).

OR S
jr_ OR 2F

(MulliaTnninel. iransisier, etc.)

PNP TRANSISTOR

NPN TRANSISTOR

-1*?-/1)-

W OR
SYMMETRICAL VAR1STOR
OR. VOLTAGE SENSITIVE
coob,do. ve./

vel*-0RIP6---

ideni.lscet.n Meal*
sterfehl

WITH AOJUSTABLE

Y
AOJUSTABLE OR
AOJUSTABLE (.coneb16)

--.6.
(1414m.licimen .6614464

41-- --.4--
I I 14

---t"H= 1)
PICKUP HERO (Al)

GENERAL

w

replOC i)

CONTACT

.

OR
M

t
CONTINUOUSLY

OR ---5A1...

. (*) 61His11)

1 >
WRITING; RECORDING

I=W
READING; PLAYBACK

--.1.. > R

CAPACITIVE DIODE (01Mb Vericep
!VractIm, rcfs.c di4141 poommIne

died.) .1.,

AIM44
UNIJUNCTION TRANSISTOR. N.
TYPE BASE

$)

ERASING

-I Ix>

WRITING. READING, ANO ERAS.
ING

C=I: on
-It-

Figure A111-1.Electronics symbOlsCbetinued.
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ELECTRICIAN'S MATE 3 & 2

UNIJUNCTION TRANSISTOR. P
TYPE BASE

FIELDEFFECT TRANSISTOR, N,
TYPE BASE

OR

FIELDEFFECT TRANSISTOR, P
TYPE BASE

ScP
SEMICONDUCTOR TRIODE, PNPN-
TYPE SWITCH

SEMICONDUCTOR TRIODE, tiPNP
TYPE SWITCH

NPN TRANSISTOR, TRANSVERSE-
BIASED BASE

9
PNIP TRANSISTOR, OHMIC CON
NECTION TO THE INTRINSIC
REGION.

NPIN TRANSISTOR, OHMIC CON
NECTION TO THE
REGION

PNIN TRANSISTOR, OHMIC ON
NECTION TO THE INTRINSI
REGION

NPIP TRANSISTOR, OHMIC ON
NECTION TO THE INTRINSI
REGION

SQUIB (75)

EXPLOSIVE

IGNITER

SENSING LINK; FUSIBLE LINK
OPERATED

M
SWITCH (76)

PUSH BUTTON, CIRCUIT CLOS-
ING (nook)

1.

PUSH BUTTON, CIRCUIT OPEN
ING (brook)

tip
NONLOCKING, MOMENTARY CIR
CUIT CLOSING (hall)

OR el
NONLOCKING; MOMENTARY CIR-
CUIT OPENING lbreek)

OR th,ir

TRANSFER

OR efra_
4

LOCKING, CIRCUIT CLOSING
(molt.)

LOCKING, CIRCUIT OPENING
(bmok)

cv OR -",
TRANSFER. 3POSITION

OFF

WAFER

(sweautl shown: 3-pele 3circuit
with 2 nnshertIng and 1 sinning
',toying contacts)

SAFETY INTERLOCK, CIRCUIT
OPENING AND CLOSING

3POLE FIELD-DISCHARGE
KNIFE, WITH TERMINALS AND
DISCHARGE RESISTOR

(IdentlfIctlin replaces () Isk)

SYNCHRO (JS)

SYNCHRO LETTER COMBINATIONS

CDX

CT
CX
TDR

TDX

TR
TX
RS

CONTROLDIFFERENTIAL
TRANSMITTER
CONTROL TRAK3FORMER
CONTROL TRANSMITTER
TORQUE-DIFFERENTIAL
RECEIVER
TORQUE-DIFFERENTIAL
TRANSMITTER
TORQUE RECEIVER
TORQUE TRANSMITTER
RESOLVER
OUTER WINDING ROTATABLE
IN BEARINGS

THERMAL ELEMENT (B3)

ACTUATING DEVICE

OR -rX
THERMAL CUTOUT; FLASHER

.XI. OR --fr.00
THERMAL RELAY

f-1 P1

orrAL
OR

OR OR

1XJ--- OR

""Ik"
THERMOSTAT (pew.. on done
truprshers), CONTACT

MT O R --rX.9.
THERMOSTAT. MAKE CONTACT

OR 4
THERMOSTAT, INTEGRAL HEATER
AND TRANSFER CONTACTS

Figure A111-1.Electronics symbolsContinued.

AUI -6

5 U

THERMISTOR; THERMAL
RESISTOR (114)

Age
1111,

WITH INTEGRAL HEATER

THERMOCOUPLE (SS)

. TEMPERATUREMEASURING

U
CURRENTMEASURING. INTE
GRAL HEATER CONNECTED

HEATER

CURRENT.MEASURING, INTE
GRAL HEATER INSULATED

HEATER

TEMPERATUREMEASURING,
SEMICONDUCTOR

CURRENTEASURING, SEMI
. CONDUCTOR

TRANSFORMER (16)

GENERAL

L.J InJ
fml

MAGNETICORE

1111_

ONE WINDING W TH ADJUSTABLE
INOUCTANCE

1,11
SEPARATELY ADJUSTABLE IN.
DUCTANCE

AT
ADJUSTABLE MUTUAL INDUC-
TOR, CONSTANTCURRENT

13.5(1781F



Appendix IIIELECTRONICS SYMBOLS

AUTOTRANIPORMIR,
ADJUITAILI

CARINT,
INC

1.11NAII

MARK.

-.
WITH DIIICTCURRINT CON
NICTIONI AND MOOT IUPPRII
SION 111TwIIN TWO RICTAN
OULAR wAvI01.11011

(Nom, imaisielAeseagelO asses)

YEERATORI INTIRRUPTIR

TYPICAL SHUNT olive
(terminals 'hewn)

:1

(IT)

DEVICE

INDICATING, PILOT, SIGNALING,
OR IWITCHIOARO LIGHT th.
LAMP)

0 OR 4g) OR 0

flOot.l.est.en .se'erss 1'1 'slate sill

INDICATING LIGHT LETTER
comIlINATIONS

A AmIIIR
11 SLUE
C CLEAR
G

NI GREEN
0 ORANGE
DP OPALESCENT
P PURPLE
II RED
w WHITE
Y YELLOW

JEWELED SIGNAL LIGHT

®

WITH POLARITY

OR

TYPICAL SEPARATE
(terminals shown)

VISUAL

COMMUNICATION
TYPE LAMP

!

DRIVE
44c

SHIELDED, WITH mAGNITIC CORI

r
I lli

--1

1

L --1

WITH A SHIELD IIETWEEN WINO.
INOS, CONNECTED TO THE FRAME

1111 f

r4

POTENTIAL, WITH POLARITY MARK

OR

eLs---ij
!!

SIGNALING
ISSI

SWITCHBOARD

E)
..--

Figure A111-1.Electronics symbolsContinued.
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INDEX

A

A-c generator, 15-17, 15-18
Acid burns, treatment of, 15-3
A-c power distribution systems, 5-1 to 5-67

a-c generators, 5-1 to 5-16
casualty power distribution system, 5-57

to 5-60
closely regulated power supplies, 5-46

to 5-52
emergency power distribution, 5-35 to 5-40
no-break power supply system, 5-52
on a DLG, 5-40 to 5-46
operation of electric plants, 5-53 to

5-57
preventive maintenance, 5-60 to 5-67
ship service.power distribution, 5-1
transformers, 5-17 to 5-35

Acrosi-line controllers, magnetic, 7-6 to 7-8
Aerosol dispensors, safety precautions, 2-6
Air coolers, motor and generator, 8-44, 8-45
Amplifiers, 14-9
Anchor windlass, destroyer, 15-24 to 15-27
AND circuits, 14-3
Antifriction bearings, 8-2 to 8-4
Application of logic circuitry, 14-9 to 14-11

introduction to logic diagrams, 14-10
signal tracing, 14-10, 14-11

Arcing contacts, 7-13, 7-14
Armature testing and repairing, 8-19 to 8-32

armature rewinding, 8-25, 8-26
handtools, 8-26 to 8-32
test procedures, 8-24, 8-25
types of armature windings, 8-21 to 8-24

Artificial respiration, 2-22
Audio signal generator, 3-24, 3-25
Automatic Bus Transfer Switches, 9-2 to 9-4
Automatic degaussing systems, 10-14 to 10-19

I-1

Autotransformer controllers, 7-8
Auxiliaries, electrical, 15-1 to 15-57

B

Base lead current, 13-26, 13-27
Basic electronic components and circuits, 13-1

to 13-37
base lead current, 13-26, 13-27
capacitor testing, 13-3 to 13-6
circuit testing, 13-6, 13-7
coupling methods, 13-23 to 13-26
diodes, 13-9, 13-10
electron tube triodes, 13-19 to 13-21
gas-filled tubes, 13-11 to 13-16
heating the cathode, 13-10
identification of chassis wiring, 13-8, 13-9
methods of biasing, 13-22, 13-23
multielement electron tubes, 13-21, 13-22
physical characteristics of electron-tube

materials, 13-10
resistor testing, 13-1 to 13-3
single source biasing, 13-27 to 13-29
testing, 13-33 to 13-37
testing electron tubes, 13-29 to 13-33
transformer testing, 13-7, 13-8
transistors, 13-16 to 13-19
types of cathodes, 13-10
types of emission, 13-11

Balanced potentiometer circuit, 3-25 to 3-31
digital voltmeter, 3-26
feedback voltage linearity test, 3-30
front panel controls and indicators, 3-26

to 3-28
gain setting, 3-28
hum control adjustment, 3-28 to 3-30
power requirements, 3-26
range unit adjustment, 3-30, 3-31
standardization adjustment, 3-30

510



ELECTRICIAN'S MATE 3 & 2

Battery charging systems, 15-15 to 15-18
a-c generator, 15-.17, 15-18
current and voltage regulator (heavy duty),

15-15 to 15-17
d-c generator, 15-15

Battery, storage, 15-1 to 15-6
Bearings, 8-2 to 8-7

antifriction, 8-2 to 8-4
friction, 8-6, 8-7
grease-lubricated ball bearings, 8-5, 8-6
oil-lubricated ball bearings, 8-4, 8-5

Biasin., methods of, 13-22, 13-23
cathode bias, 13-22
grid leak bias, 13-23

Bibliography for Advancement Study,
NAVEDTRA i0052 (current series), 1-3

Blinker lights, 9-20
Blowout coils, 7-13
Blueprints, cable, 4-10
Brakes, electric, 7-14 to 7-17
Bridge console, 12-10 to 12-12
Brushes, 8-7 to 8-11

care, 8-9, 8-10
correct brush type, 8-9
seating, 8-10, 8-11

Brushless generators, 8-36
Burns, 2-22 to 2-25

classification of, 2-24
emergency treatment, 2 24, 2-25

C

Cables, electrical, 4-1 to 4-29
Capacitor testing, 13-3 to 13-6

color coding, 13-5, 13-6
fixed capacitors, 13-1 to 13-5

Casualty power distribution system, 5-57 to
5-60

damage control charts, 5-60
inspection and maintenance, 5-60
rigging casualty power, 5-58, 5-59
unrigging casualty power, 5-59, 5-60

Cardiac arrest, 2-22
Cardiac massage, closed chest, 2-22
Casualty power, 5-44
Casualty power cable, 4-18 to 4-21
Cathode bias, 13-22
Cathode-ray oscilloscope, 3-13 to 3-23
Cathode-ray tubes, 2-7

Cathodes, types of, 13-10
CAUTION tag, 2-9
cement splicing, 166
Central operations systems, 12-1 to 12-21

general description, 12-1 to 12-21
bridge console, 12-10 to 12-12
data scanners, 12-14 to 12-19
engineroom console, 12-2 to 12-10
power supplies, 12-21
sensors, 12-12 to 12-14
throttle control, 12-19 to 12-21

Charging systems, battery, 15-15 to 15-18
Chassis wiring, identification of, 13-8, 13-9
Checking motor and generator speeds after

rewinding, 8-34
Circuit breakers, 4-38 to 449

ALB, 4-43
AQB, 4-39, 4-40
AQB-A250, 4-40 to 4-42
AQB-LF250, 4-42, 4-43
maintenance, 4-47 to 4-49
NLB, 4-43
NQB-A250, 4-43
selective tripping, 4-43 to 4-47

Circuit testing, 13-6, 13-7
Classification codes, Navy enlisted, 1-2
Cleaning motors and generators, 8-1, 8-2
Cleaning solvents, safety precautions, 2-6, 2-7
Closed chest cardiac massage, 2-22
Closely regulated power supplies, 5-46 to 5-52

static converter, 5-50 to 5-52
30-kW motor generator set, 5-46 to 5-50

Coils, degaussing, 10-5 to 10-7
F and Q coils, 10-6
L coil, 10-6, 10-7
M coil, 10-6

Color codes, resistor, 13 -2
Color coding, capacitor, 13-5, 13-6
Commutators and collector rings, 8-11 to 8-15

restoring the commutator film, 8-14
truing the commutator, 8-12 to 8-14
undercutting mica, 8-15

Concepts of logic, 14-1
Conductor ends, 413
Conductor identification, 4-11
Connection and through boxes, 10-7, 10-8
Construction, film, 16-3
Contactor, d-c, 7-12, 7-13
Control devices, 4-29 to 4-35
Control equipment, propulsion, 11-3 to 11.5
Controllers, motor, 7-1 to 7-21

1-2 511
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Cords and plugs, 4-17, 4-18
Corrective maintenance, 5-63 to 5-67
Coupling methods, 13-23 to 13-26

direct coupling, 13-25, 13-26
impedance coupling, 13-24
RC coupling, 13-23, 13-24
transformer coupling, 13-24, 13-25

Cross-plant operation, 5-53
Current and voltage regulator (heavy duty),

15-15 to 15-17

D

Damage control charts, 5-60
DANGER tag, 2-9 to 2-15

leakage currents, 2-14, 2-15
live circuits,
rubber gloves, 2-13, 2-14

Darken ship equipment, 9-27, 9-28
Data scanner, 12-14 to 12-19
D-c controllers, 7-8 to 7-14

arcing contacts, 7-13, 7-14
blowout coils, 7-13
d-c contactor, 7-12, 7-13
one-stage acceleration, 7-10 to 7-12
reversing, 7-11, 7-12
speed control, 7-11

D-c generator, 15-15
D-c power distribution systems, 6-1 to 6-7

operation of d-c generators, 6-5 to 6-7
parallel operational difficulties,

6-5 to 6-7
ship service distribution system, 6-1 to

6-5
120-volt, 2-wire system, 6-4
120/240-volt, 3-wire system, 6-4, 6-5
types of drive, 6-5

D-c propulsion, 11-1 to 11-10
control equipment, 11-3 to 11-5
exciters, 11-2
generators, 11-2
motor, 11-2, 11-3
operation, 11-5 to 11-10

Deck risers, 4-8
Deep fat fryers, 15-48 to 15-51

Degaussing, 10-1 to 10-20
automatic degaussing systems, 10-14 to

10-19
earths' magnetic field, 10-1, 10-2
magnetic ranging, 10-4, 10-5
maintenance, 10-19, 10-20
manual degaussing systems, 10-8 to 10-14
shipboard degaussing installation, 10-5

to 10-8
ship's magnetic field, 10-2 to 10-4

Delivery ship, 15-36 to 15-38
Delta connection, the, 5-9 to 5-11
Department of the Navy Information Program

Regulation, 1-3
Destroyer anchor windlass, 15-24 to 15-27
Diagrams, introduction to logic, 14-10
Digital voltmeter, 3.26

_Digital voltttrefer, 4fil, 3-25
Diodes, 13-9, 13-10
Diode tubes, 13-13, 13 -14
Direct coupling, 13-25, 13-26
Disassembly and reassembly of motors and

generators, 8-18, 8-19
Distribution systems, lighting, 9-1 to 9-4

Automatic Bus Transfer Switches, 9-2
to 9-4

Diversified lighting equipment, 9-27 to 9 -31
darken ship equipment, 9-27, 9-28
special lights, 9-28 to 9-30
three-way switch circuits, 9-30, 9-31

Drive, types of, 6-5
Drum and gypsy winches, 15-23, 15-24
Dynamic brake, d-c, 7-16, 7-17

Earth's magnetic field, 10-1, 10-2
Electrical auxiliaries, 15-1 to 15-57

battery charging systems, 15-15 to 15-18
electric fork lift truck, 15-43 to 15-47
electric galley equipment, 15-47 to 15-51
electrohydraulic steering gear, 15-18 to

15-23
elevators, 15-27 to 15-35
engine starting system, 15-1 to 15-15
laundry equipment, 15-51 to 15-57
small craft circuitry and components, 15-1
underway replenishment system, 15-35 to

15-43
winches, 15-23 to 15-27

1-3
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Electrical installations, 4-1 to 4-53
control devices, 4-29 to 4-35

electrically operated contacts,
4-30

float switches, 4-31
limit switches, 4-30, 4-31
manually operated contacts, 4-29,

4-30
pilot control device, 4-34, 4-35
pressure and temperature switches,

4-31 to 4-34
electrical cables, 4-1 to 4-29

casualty power cable, 4-18 to 4-21
grounded receptacles, 4-16, 4-17
maintenance, 4-2410
nor-glibat service, 4-3
plugs and cords, 4-17, 4-18
repair and installation, 4-4 to 4-16
repeated flexing service, 4-3, 4-4
RF coaxial cables, 4-23, 4-24
shore power cable, 4-21 to 4-23
type and size designations, 4-1 to

4-3
protective devices, 4-35 to 4-53

circuit breakers, 4-38 to 4-49
magnetic overload relay, 4-35, 4-36
phase-failure relay, 4-50 to 4-53
reverse-current relay, 4-53
reverse-power relay, 4-49, 4-50
thermal overload relay, 4-37, 4-38

Electrically operated contacts, 4-30

Electrical propulsion and controls, 11-1 to
11-14

d-c propulsion, 11-1 to 11-10
operation, 11-5 to 11-10
propulsion control equipment, 11-3

to 11-5
propulsion exciters, 11-2
propulsion generators, 11-2
propulsion motor, 11-2, 11-3

legal records, 11-10 to 11-14
Engineering Log, 11-14
Engineer's Bell Book, 11-10 to 11-14

operating records, 11-10

Electric brakes, 7-14 to 7-17
a-c solenoid brake, 7-14, 7-15
a-c torque motor brake, 7-15, 7-16
d-c dynamic brake, 7-16, 7-17
d-c magnetic brake, 7-17

1-4

Electric plants, 5-40 to 5-42
emergency, 540 to 5-42
ship service, 540

Electric plants, operation of, 5-53 to 5-57
- cross plant operation, 5-53

operating records, 5-56
operation of a-c gene: ators, 5-53 to 5-56
parallel operational difficulties with a-c

generators, 5-56, 5-57
split plant operation, 5-53

Electric shock, 2-21, 2-22
rescue, 2-21, 2-22
resuscitation, 2-22

Electrohydraulic-steering-gear, 15-18 to
15-23

construction, 15-18 to 15 -22
operation, 15-22, 15-23

Electrolyte, mixing, 15-3
Electronic symbols, AIIItl to AIII-7
Electron tubes, testing, 13-29 to 13-33

cathode leakage test, 13-31, 13-32
filament activity test, 13-32, 13-33
gas test, 13-31
line voltage adjustment and test,

13-30
quality test, 13-33
rectifier test, 13-33
short circuit and noise test, 13-30,

13-31
Electron tube triodes, 13-19 to 13-21
Elevators, 15-27 to 15-35

electric (electromechanical), 15-27 to
15-30

electrohydraulic, 15-30, 15-31
electronic controlled, 15-31 to 15-35

Emergency power distribution, 5-35 to 5-40
automatic operation, 5-38, 5-39
emergency switchboards, 5-35 to 5-37
feedback operation, 5-40
interconnections, 5-37, 5-38
retransfer to ship's service from

emergency, 5-40
test operation, 540

Emergy cloth/paper and steel wool, 2-5
Emission, types of, 13-11

secondary, 13-11
thermionic, 13-11

Is, cable, 4-11 to 4-13
..6hieering Log, 11-14

Engineer's Bell Book, 11-10 to 11-14
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Engineroom console, 12-2 to 12-10
auxiliaries section, 12-5
boiler section, 12-4, 12-5
data logger section, 12-5 to 12-10
generator section, 12-3
propulsion section, 12-3, 12-4

Engine starting system, 15-1 to 15-15
ignition systems, 15-8 to 15-15
starting motors, 15-6 to 15-8
storage battery, i 5-1 to 15-6

Exciters, propulsion, 11-2
Exclusive OR circuit, 14-6, 14-7
Exhibition, Transfer, and Inventory Record,

NAVPERS 1710/12 (Rev 5-75), 16-11

F

Feedback operation, 5-40
Feedback voltage linearity test, 3-30
Film, sound motion picture, 16-3, 16-5 to

16-11
construction, 16-3
handling, 16-7 to 16-11
makeup, 16-5, 16-6
splicing, 16-6, 16-7

Film transport system, 16:11 to 16-13
Fires, electrical, 2-8, 2-9
First aid and rescue, 2-21
Fixed capacitcrs, 13-3 to 13-5
Fixtures, light, 9-11 to 9-13
Flip-flops, 14-7
Float switches, 4-31
Fluorescent lamps, 9-8 to 9-11
Fork lift truck, electric, 15-43 to 15-47

drive motor and controller, 15-45 to 15-47
pump motor, 15-45
steer motor, 15-45

Frequency measurements, 3-11
Friction bearings, 8-6, 8-7
Front panel controls and indicators, 3 -26\

to 3-28
Full field protection, 7-5

G

Gain setting, 3-28
Galley equipment, electric, 15-47 to 15-51

deep fat fryers, 15-48 to 15-51
maintenance, 15-51
ovens, 15-48
ranges, 15-48

Gas diodes, 13-12, 13-13
Gas-filled tubes, 13-11 to 13-16

conduction in gas tubes, 13-11
diode tubes, 13-13, 13-14
gas diodes, 13-12, 13-13
solid state diodes, 13-14 to 13-16

Gassing, 15-6
Generators, a-c, 5-1 to 5-16

characteristics, 5-12, 5-13
frequency, 5- 11,.5 -12
generated voltage, 5-12
measurement of power, 5-11
parallel operation of a-c generators,

5-14 to 5-16' principles of a-c voltage control, 5-14
rating of, 5-4 to 5-6
three-phase generators, 5-6 to 5-11
types of, 5-3, 5-4
voltage regulation, 5-13

Generators and motors, air coolers, 8-44,
8-45

Generators, operation of d-c, 6-5 to 6-7
Generators, propulsion, 11"-2
Glossary, AI-1 to AI-7
Gloves, rubber, 2-13, 2-14
Glow lamps, 9-11
Grease-lubricated ball bearings, 8-5, 8-6
Grid leak bias, 13-23
Ground detector lamps, 5-32
Grounded receptacles, 4-16, 4-17
Grounding of shock-mounted equipment, 2-4,

2-5
Ground requirements, safety matting, and

workbenches, AII-1 to AII-7
Gypsy and drum winches, 1523, 15-24

H

Handling, film, 16-7 to 16-11
Exhibition Transfer, and Inventory Record,

NAVPERS 1710/12 (Rev 5-75), 16-11
Inspection and Exhibition Booklet, 16-7
Motion Picture Plan Film Inspection Record,

NAVPERS 1710/7 (Rev 5-75), 16-8
NMPX Damage or Loss Report, NAVPERS

1710/9 (Rev 5-75), 16-8 to 16-11
Notification of Motion Picture Transfer,

NAVPERS 1710/1 (5-75), 16-7, 16-8
Handtools, safety precautions, 2-1

I-5
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Hazards and precautions, electrical, 2-1
Heart massage, 2-22
Heating the cathode, 13-10
High-potential test, 8-32, 8-33
Hum control adjustment, 3-28 to 3-30
Hydrometer, 15-2

I

Ic test, 13-35, 13-36
Identification of chassis wiring, 13-8, 13-9
Ignition systems, 15-8 to 15-15

air heaters, 15-13 to 15-15
battery, 15-8
coil, 15-8 to 15-10
distributor, 15-10, 15-11
spark plugs, 15-11, 15-12
transistor, 15-12, 15-13

Impedance coupling, 13-24
Incandescent lamps, 9-4 to 9-8
Induced magnetization, 10-3, 10-4
Information, sources of, 1-2 to 1-4

Bibliography for Advancement Study,
NAVEDTRA 10052 (current series), 1-3

Department of the Navy Information
Program Regulation, 1-3

Naval Education and Training publications,
1.2, 1=3

periodicals, 1-4
rate training manuals, 1-3
technical manuals, 1-3

INHIBIT, 14-5, 14-6
Inspecting armatures, rotors, and windings,

8-15 to 8-18
a-c rotors, 8-17
a-c stator coils, 8-18
armatures, 8-15 to 8-17
field coils, 8-17, 8-18

Inspection and Exhibition Booklet, 16-7
Installation and repair, cable, 4-4 to 4-16
Isolated receptacle circuits, 2-16

Lacing conductors, 413 to 4-16
Lamps, maintenariceof, 9-13

Laundry equipment, 15-51 to 15-57
washer-extri.ctor, 15-51 to 15-57

Leakage currents, 2-14, 2-15
Legal records, 11-10 to 11-14

Engineering Log, 11-14
Engineer's Bell Book, 11-10 to 11-14

Level sensors, 12-12
Light fixtures, 9-11 to 9-13
Lighting, shipboard, 2-19, 2-20
Light sound system, 16-13
Light sources,. 9-4 to 9-11

fluorescent lamps, 9-8 to 9-11
glow lamps, 9-11
incandescent lamps, 9-4 to 9-8

Light system, 16-13
Limit switches, 4-30, 4-31
Linearity test, feedback voltage, 3-30
Live circuits, 2-13
Logic systems, 14-1 to 14-12
Low voltage protection (LVP), 7-6
Low voltage release (LVR), 7-5

M

Magnetic apross-line controllers, 7-6 to 7-8
reversing, 7-6, 7-7
speed control, 7-7, 7-8

Magnetic brake, d-c, 7-17
Magnetic field, 10-1 to 10-4

earth's, 10-1, 10-2
ship's, 10-2 to 104

Magnetic overload relays, 4-35, 4-36, 7-3
Magnetic ranging, 10-4, 10-5

degaussing folder, 10-5
ranging procedures, 10-4, 10-5

Maintenance and repair of motors and
generators, 8-1 to 8-45

armature testing and repairing, 8-19
to 8-32

bearings, 8-2 to 8-7
brushes, 8-7 to 8-11
brushless generators, 8-36
checking motor andgenerator speeds after

rewinding, 8-34
cleaning motors and generators, 8-1, 8-2
cqmmutators and collector rings, 8-11 to

A8-15
disassembly and reassembly of motors and

generators, 8-18, 8-19
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Maintenance and repair of motors and
generatorsContinued

high-potential test, 8-32, 8-33
inspecting armatures, rotors, and windings,

8-15 to 8-18
mandatory turn-in repairables, 8-45
motor and generator air coolers, 8-44, 8-45
reversing direction of rotation of d-c

motors, 8-34
rewinding field coils, 8-33, 8-34
setting on neutral, 8-34, 8-35
single phase motor repair, 8-41 to 8-44
testing field coil, 8-34
three phase stator testing and repair,

8-36 to 8-41

Maintenance of lamps, 9-13
Makeup, film, P6-5, 16-6
Mandatory turn-in repairables, 8-45
Manual dagaussing systems, 10-8 to 10-14

changing coil currents, 10-11 to 10-14
motor-generator control, 10-8
polarity, 10-9 to 10-11
rheostat control, 10-8
securing, 10-14

Manually operated contacts, 4-29, 4-30
Markings, cable, 4-10
Master switchers, types of, 7-2
Matting, safety, A11-4, A11-5
MEMORY, 14-8
Mica, undercutting, 8-15
Motion Picture Plan Film Inspection Record,

NAVPERS 1710/7 (Rev 5-75), 16-8
Motor mid generator air coolers, 8-44, 8-45
Motor controllers, 7-1 to 7-21

autotransformer, 7-8
d-c controllers, 7-8 to 7-14
electric brakes, 7-14 to 7-17
magnetic across-line controllors, 7-6

to 7-8
master switches, types of, 7-2
overload relays, 7-2 to 7-6
troubleshooting, 7-17 to 7-21.
typts of, 7-1, 7-2

Motor-generator control, 10-8
Motor, propulsion, 11-2, 11-3
Motor repair, single phase, 8-41 to 8-44
Multielement electron tubes, 13-21, 13-22

pentodes, 13-21, 13-22
tetrodes, 13-21

1-7

Multimeters, 3-4 to 3-11
Multimeter AN/PSM-4 (series), 3-5 to

3-9
Multimeter AN/USM-116, 3-9 to 3-11

MultiVibrator, 14-7

N

NAND circuits, 14-4
Naval Education and Training publications,

1-2, 1-3
Navigation and signal lights, 9-13 to 9-27
Neutral, setting on, 8-34, 8-35
NMPX Damage or Loss Report, INJAVPERS

1710/9 (Rev 5-75), 16-8 to 16-11
No-break power supply system, 5-52
Nonflexing service cable, 4-3
NOR circuit, 14-5
NOT circuit, 14-3
Notification of Motion Picture Transfer,

NAVPERS 1710/1 (5-75), 16-7, 16-8

0

Oil-lubricated ball bearings, 8-4, 8-5
One-stage acceleration, 7-10 to 7-12
Operating records, 11-10
Operations systems, central, 12-1 to 12-21
OR circuits, 14-3
Ovens, 15-48
Overload relays, 7-2 to 7-6

full field protecticin, 775
low voltage protection (LVP), 7-6
low voltage release (LVR), 7-5
magnetic, 7-3
overload relays-emergency run, 7-4
resets, 7-3, 7-4
short circuit protection, 7-4, 7-5
thermal, 7-2, 7-3

P

Paints and varnishes, safety precautions,
2-7, 2-8

Parallel operational difficulties, 6 -5 to 6-7
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Parallel operation of generators, 5-14 to
5-16

Pentodes, 13-21, 13-22
Periodicals, 1-4
Permanent magnetization, 10-2, 10-3
Phase- failure relay,4-50 to 4-53

.Phase sequence, transformers, 5-34
Photographic sound recording, 16-3 to 16-5
Physical characteristics of.electron-tube

materigls, 13-10
Pilot control device, 4-34, 4-35
Planned Maintenance System, purposes, benefits,

and limitations of, 1-4, 1-5
Plugs and cords, 4-17, 4-18
Polarity; 10-9 to 10-11
Polarity marking of power transformers, 5-28',

5-29
Polarity of logic, 14-1
Polyphase stator troublei, 8-40, 8-41
'Portable electric power tools, safety

precautions, 2-1 to 2-9
aerosol dispensers, 2-6
cathode-ray tubes, 2-7
cleaning solvents, 2-6, 2-7
electrical fires, 2-8, 2-9
electric soldering irons, 2-5, 2-6
grounding of shock-mounted equipment,

2-4, 2-5
paints and varnishes, 2-7, 2-8
radioactive electron tubes, 2-7
safety shorting probe, 2-5
steel wool and emery cloth/paper,

2-5
Power distribution on a DLG, 5-40 to 5-46

casualty power, 5-44
emergency electric plants, 5-40 to 5-42
400 -hertz. power distribution, 544 to 5-46
ship service electric plants, 5-40
shore power connections, 5-44
system operation, 5-42 to 5-44

Power distribution systems, d-c,- 6-1 to 6-7
operation of d-cgetierators, 6-5 to 6-7
ship service distribution systems, 6-1 to

6-7
Power supplies, 12-21
Pressure and temperature switches, 4-31 to 4-34
Pressure sensors, 12-12
Preventive maintenance, 5-60 to 5-67

corrective maintenance, 5-63 to 5-67
generators, 5-61
switchboards, 5-61 to 5-63

1-8

Projection, sound motion picture, 16-2 to 16-11
film'construction, 16-3
film handling, 16-7 to 16-11
film makeup, 16-5, 16-6
film splicing, 16-6, 16-7
photographic sound recording, 16-3 to 16-5

Protective devices, 4-35 to 4-53
Publications and posters, safety, 2-25, 2-26
PULSER, 14-8
Purposes, benefits, and limitations of the

Planned Maintenance System, 1-4, 1-5

Q

Qualifications for advancement, 1-2

R

Radioactive electron tubes, 2-7
Ranges, 15-48
Range unit adjustment, 3-30, 3-31
Ranging, magnetic, 10-4, 10-5
Rate training manuals, 1-3
Ratings, resistor, 13-1
RC couplin '. 3-23, 13-24
Reassembly 4 disa of motors and

generators,
Receiving ship, 15 -3,8 to 15-43
Recording, photographic sound, 16-3 to 16-5
Records, 11-10 to 11-14

legal, 11-10 to 11-14
operating, 11-1-0

Relays, overload, 7-2 to 7-8
Repair and installation, cable, 4-4 to 4-16

cable blueprints, 4-10
cable ends, 4-11 to 4-13
cable markings, 4-10
cable supports, 4-8 to 4-10
conductor ends, 4-13
conductor identification, 4-11
deck risers, 4-8
equipment marking, 4-10, 4-11
lacing conductors, 4-13 to 4-16,
selecting cable, 4-5
stuffing tubes, 4-5 to 4-8
wireways, 4-5

Repair party electrician, 2-20

5d1.
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Repeated flexing Service cable, 4-3, 4-4
Rescue and first aid, 2-21'
Resets, overload relay, 7,3, 7-4
Resistor testing, 13-1 to 13.3

color codes, 13-2
ratings, 13-1
special characteristics, 13-2, 13-3
tolerances, 13-1, 13-2

Resuscitation, 2-22
artificial-respiration, 2-22
closed chest cardiac massage, 2-22

Reverse-current relay, 4-53
Reverse-power relay, 4-49, 4-50
Reversing direction of rotation of d-c motors,

8-34
Rewinding field coils, 8-33, 8-34 ,

series and commutating coils, 8-33, 8 -34
shunt coils, 8-33

coaxial cables,. 4-23, 4-24
Rh stat control, 10-8
Rigging casualty power, 5-58, 5-59
Rubber floor matting, 2-17, 2-18
Rubber gloves, 2-13, 2-14

S

Safety matting, AII-4,
Safety precautions, 2-1 to 2-26

burns, 2-22 to 2-25
CAUTION tag, 2-9
confined areas, 2-20
DANGER tag, 2-9 to 2-15
electrical hazards and precautions, 2-1
electric shock, 2-21, 2-22
handtools, 2-1
isqlated receptacle circuits, 2-16

portable electric power tools, 2-1 to 2 -9
repair party electrician, .2 -20
rescue and first aid, 2-21
safety publications and posters, 2-25, 2-26
shipboard lighting, 2-19, 2-20
switchboard meters and instrument
. transformers, 2-16
test equipment, 2-1(&) 2-18
workbenches, 2-18, 2-19

Schmitt trigger, 14-8
Searchlights, 9-20 to 9-27
Secondary emission; 13-11
Securing.degaussing coils, 10-14S1emiconductor testing,13-33 to l-35

,
1-9

Sensors, 12-12 to 12-14
level sensors, 12-12
pressure sensors, 12-12
temperature sensors, 12-1; to 12-14

Series and commutating coils, 8-33, 8-34
Setting on neutral, 8-34, 8-35
Shipboard degaussing installation, 10-5 to 10-8

connection and through,boxes, 10-7, 10-8
degaussing coils, 10-5 to 10-7
marking system, 10-7

Shipboard lighting, 9-1 to 9-31
distribution systems, 9-1 to 9-4
diversified lighting equipment, 9-27 to

9-31
light fixtures:9-11 to 9-13
light sources, 9-4 to 9-11
maintenance of lamps, 9-13
'navigation and signal lights, 9-13 to 9-27

Ship's magnetic field, 10-2 to 10-4
induced magnetization, 10-3, 10-4
permaynt magnetization, 10-2, 10-3

Ship service distribution system,6-' to 6-5
Ship Service power distribution, 5-1
Shock, electric, 2-21, 2-22

.Shook-mounted equipment, grounding of, 2-4,
2-5

Shore power cable, 4-21 to..4-43
Short circuit protection, 7-4, /-.".
Shorting probe, safety, 2-5
Shunt coils, 8-33
Signal lights, 9-18 to 9-27

station or operation41. 9-18 to 9-20
visual communicatie.i. 0 -20 to 9-27 ...-

Signal tracing, 14-ro, 14 11
Single;phase connections, tra ormers15-23
Single phase motor rep 41 to,8-44
Single source biasing, 1 -27 to 13-29
Small craft circuitry and components, 15-1
Soldering irons, electric, safety' precautions,

2-f5, 2-6
Solenoid brake, a-c, 7-14, 7-15
Solid state diodes, 13-14 to 13-16
Sound motion picture systems, 16-1 to 16-13

definition of terms, 16-1, 16-2
projection, 16-2 to 16-11

film construction, 16-3
film handling, 16-7 to 16-11
film makeup, 16-5, 16-6
film splicing, 16-6, 16-7
photographic sound recording, 16-3

to 16-5
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Sound motion picture system-I-Continued
projection systems, 16-11 to 16-17

fibs transport system, 16.11 to 16-13
light sound system. 16-13
light system, 16-13
operation, 16-14, 16-15
operator care, 16.16, 16-17
projector storage, 16-16

projectionist's troubleshooting guide,
16-17, 16-18

Specific gravity, 15-1, 15-2
Splicing. film 16-A, 16.7
Split plant operation, 5-53
Standarditation adjustment, 3-30
Starting motors, 15-6 to 15.8
Starting system, engine, 15-1 to 15-15
Station or operational signal lights, 9-18

to 9-20
Steel wool and emery cloth/paper, 2.5
Steering gear. alectrohydraulic, .15-18 to 15.23
STEPPER, 14-8, 14-9
Storey battery, 15-1 to 15.6

adjusting specific gravity, 15.3
capacity, 15-3
charging rates 15-6
charging time, 15.6
corrections, 15.2, 15.3 )
gassing. 15,6
hydrometer, 15-2
mixing electrolyte, 15.3
rating. 15.3, 15.4
specific snooty, 15-1, 15-2
state of chew, 154, 15-5
test discharge, 15.4
treatment of acid burns, 15.3
In as of charges, 15.5, 15.6

Storage, projector, 16.16
Stroboscopic tachometer, 34
Study, how to, S. 1.6
Stuffing tube., 4-5 to 4.8
Supports, cable, 44 to 4-10
Switchboard meters and instrument

transformers, 2.16
Switchboards, $.19, 540, 5.35 to 5.37

emergency. S-3$ to S-37
Switches, 4.30 to 4-34

float, 4.31
limit, 4.30, 4.31
pressure and temperature, 4.31 to 4.34

Switchisors and switchboards, safety
precautions, 2-1

Symbols, electronic, A111-1 to AIII-7
Symbols, logic, 14-1, 14-2

Tachometers, 3-2 to 3-4
stroboscopic, 3-3, 3-4

Tape splicing, 16-6
Technical manuals, 1-3
Temperature and pressure switches, 4-31 to

4.34
Temperature sensors, 12-12 to 12-14
Test equipment, 3-1 to 3 -3

audio signal generators, 3-24, 3-25
balanced potentiemeter circuit, 3-25

to 3.31
cathode-ray oscilloscope, 3-13 to 3-23
Digital Voltmeter, Model 481, 3-25
frequency measurements, 3-11
multimeters, 3.4 to 3.11
tachometers, 3.2 to 34
troubleshooting, 3 -I, 3-2
Wheatstone Bridge, 3-11 to 3.13

Test equipment, safety precautions, 2.16 to
248

Testing, 13.1 to 13.8, 13.29 to 13.37
capacitor, 13.3 to 13.6
circuit, 13.6, 13-7
electron tubes, 13.29 to 13.33
Ice test, 13.35, 13.36
resistor, 13.1 to 13.3
semiconductor, 13.33 to 13.35
transformer, 13.7, 13.8

Testing field coil, 8.34
Tetrodes, 13.21
Thermal overload relays, 4.37, 4.38, 7.2, 7.3
Thermlonic emission, 13.1 I
Three-phase connections, transformers, 5.23 to

5.28
Three-phase generators, 5.6 to 5-11

delta connection, 5.9 to 5-11
wyc connection, 5.6 to 5.9

Three phase stator testing and repair, 8.36 to
8-41

polyphase stator troubles, 8-40, 8-41
reversing direction of rotation of a three

phase motor, 8.41
rewinding, 8-37 to 8.39

Three-way switch circuits, 9.30, 9.31



INDEX

Throttle control, 12-19 to 12-21
Through and connection boxes, 10.7, 10-8
Tolerance, resistor, 13-1, 13.2
Torque motor brake, a-c, 7-15, 7-16
Transformer coupling, 13-24, 13-2!
Transformers, 5-17 to 5-35

construction, 5-17 to 5-19
control equipment, 5-31, 5 ).'
efficiency, 5-22, 5-23
ground detector lamps, 5-32
phase sequence, 5-34
polarity marking of power transformers,

5-28. 5-29
shore power connection, 5-34, 5-35
single-phase connections, 5-23
switchboards, 5-29, 5-30
three-phase connections, 5-23 to 5-28
voltage and current relations, 5-19 to

5-22
voltage regulators, 5-32 to 5-34

Transformer testing, 13-7, 13-8
Transistors, 13-16 to 13-19

circuitry, 13.18, 13.19
transistor lead identification, 13.18

Transport system, film, 16-11 to 16-13
Troubleshooting, 3-1, 3-2
Troubleshooting, controller, 7-17 to 7-21
Troubleshooting guide, projectionist's, 16-17,

16-18
Troubleshooting (identifying falsity printed..

./circuit cards, 14-11, 14.12
application of logic circuitry, 14.9 to

1411
concepts of logic, 14-1
maintenance, 14.11
polarity of logic, 14.1
symbols, 14.1, 14-2
troubleshooting (identifying faulty

printed circuit cards, 14.11, 14-12
truth tables, 14.2 to 14.9

Truth tables, 14-2 to 14.9
amplifiers, 14.9
AND circuits, 14-3
Exclusive OR circuit, 14.6, 14-7
nip-flops, 147
INHIBIT, 145, 14.6
MEMORY, 14.8
multivibrator, 14.7
NAND circuits, 144

Truth tablesContinued
NOR circuit, 14-5
NOT circuit, 14-3
OR circuits, 14-3
PULSER, 14-8
Schmitt trigger, 14-8
STEPPER, 14-8, 14-9

Tu ;n -in repairables, mandatory, 8-45

U

Ultrasonic splicing, 16-6, 16-7
Undercutting mica, 8-15
Underway replenishment system, 15-35 to 15-43

delivery ship, 15-36 to 15-38
receiving ship, 15-38 to 15-43

Unrigging casualty power, 5-59, 5-60

V

Visual communications signal lights, 9-20 to
9-27

blinker lights, 9.20
multipurpose signal light, 9-20
searchlights, 9.20 to 9-27

Voltage regulation, a-c generators, 5-13
Voltmeter, digital, -3.25, 3-26

Model 481, 3-25

Wheatstone Bridge, 3.11 to 3.13
Winches, 15-23 to 15.27

destroyer anchor windlast 15-24 to 15.27
drum and gypsy, 15.23, 15.24

Wireways, 4-5
Workbenches, 2.18, 2.19
Workbenches, ground requirements and safety

matting, All.1 to All-7
electrical and electronic workbenches,

All.1 to AII.4
safety matting, AII.5

Wye connection, the, 5.6 to 5.9

52
0



ELECTRICIAN'S MATE 3 & 2
NAVEDTRA 10546-E

Prepared by the Naval Education and Training Program Development
Center, Pensacola, Florida

.

Your NRCC contains a set of assignments and
perforated answer sheets. The Rate Training Man-
ual, Electrician's Mate 3&2
NAVEDTRA l0546E , is your textbook for 41e
NRCC.' If an errata sheet comes with the NRCC,
make all indicated changes or corrections. r;cf not

'change or correct the textbook or assignments in
Ir any other way.

_HOW TO COMPLETE THIS COURSE
SUCCESSFULLY

Study the textbook pages given at the begin-
ning of each assignment before trying to answer
the items. Pay attention to tables and illustra-
tions as they contain a lot of information.
Making your own drawings can help you understand
the subject matter. Also, read the learning ob-
jectives that precede the sets of items. The
learning objectives and items are based on the
subject matter or study material in the textbook.
The objectives tell you what you should be able
to do by studying assigned textual material and
answering the items.

At this point you should be ready to answer
the items in the assignment. Read each item care-
fully. Select the BEST ANSWER for each item,
consulting your textbook when necessary. Be sure
to select the BEST ANSWER from the subject matter
in the textbook. You may discuss difficult points
in the course with others. However, the answer
you select must be your own. Remove a perforated
answer sheet from the back of this text, write
in the proper assignment number, and enter your
answer for each item.

Your NRCC will be administered by your com-
mand or, in the case of small commands, by the
Naval Education and Training Program Development
Center. No matter who administers your course
you can complete it successfully by earning a 3.g
for each assignment. The unit breakdown of the
course, if any, is shown later -Under Naval
Reserve Retirement Credit. -

WHEN YOUR COURSE IS ADMINISTERED
BY LOCAL COMMAND

As soon as you have finished an assignment,
submit the completed answer sheet to the officer

designated to grade it. The graded answer sheet
will not be returned to you.

If you are completing this NRCC to become
eligible to take the fleetwide advancement exam-
ination, follow a schedule that will enable you
to complete all assignments in time. Your sched-
ule should call for the completion of at least
one assignment per month.'

Although you complete the course success-
fully, the Naval Education and Training Program
Development Center will not issue you a letter
of satisfactory completion. Your command will
make an entry in your service record, giving you
credit for your work.

WHEN YOUR COURSE IS ADMINISTERED
BY THE NAVAL EDUCATION
AND TRAINING PROGRAM
DEVELOPMENT CEN; ER

After finishing an assignment, go on to the
next. Retain each completed answer sheet until
you finish all the assignments in a unit (or in
the course if it is not divided into units).
Using the envelopes provided, mail your com-
pleted answer sheets to the Naval Education and
Training Program Development Center where they
will be graded and the score recorded. Make sure
all blanks at the top of each answer sheet are
filled in. Unless you"furnish all the informa-
tion required, it will be impossible Id give'you
credit for your work. The graded answer sheets
will not ,be returned.

The Naval Education and Training Program
Development Center will issue a letter of satis-
factory completion to certify successful comple-
tion of the. course (or a creditable unit of the
course). To receive a course-completion letter,
follow the directions given on the course-com-
pletion form in the back-of this NRCC.

You may keep the textbook and assignments
for this course. Return them 111or in the event

yoU disenroll from the course or otherwise fail
to complete the course. Directions for returning
the textbook and assignments are given on the
book-return form in the back of this NRCC.
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PREPARING FOR YOUR ADVANCEMENT
EXAMINATION

Your examination foi. advancement is based
on the Occupational Standards for your rating as
found in the MANUAL OF NAVY ENLISTED MANPOWER
AND PERSONNEL CLASSIFICATIONSAND OCCUPATIONAL
STANDARDS (NAVPERS 1806d). These Occupational
Stang define the minimum tasks required of
your rating. The sources of questions in your
advancement examination are listed in the BIBLI-
OGRAPHY FOR ADVANCEMENT STUDY (NAVEDTRA 10052).
For your convenience, the Occupational Standards
and the sources of questions for your rating are
combined in a single pamphlet for the series of
examinations for each year, These OCCUPATIONAL
STANDARDS AND BIBLIOGRAPHY SHEETS (called Bib-
Sheets), are available from your ESO. Since your
textbook and NRCC are among the sources listed
in the bibliography, be sure to study both as
you take the course. The qualifications for your
rating may have changed since your course and
textbook were printed, so refer to the latest
edition of the Bib Sheets.

NAVAL RESERVE RETIREMENT CREDIT

This course is evaluatel at 17 Naval
Reserve retirement points. Thme points
are creditable to personnel eligible to
receive them under current directives govern-
ing retirement of Naval Reserve personnel.
Points will be credited in units as follows:

Jnit 1: 12 points upon satisfactory
completion of Assignments 1
through 6. -

Unit 2: 5 points upon satisfactory
completion of Assignments 7
through 11.

COURSE OBJECTIVE

The text describes the following:
purpose, scope, and structure of the
Electrician's Mate rating; safety prac-
tices particular to electrical safety;
use of electrical/electronic test equip-
ment in locating malfunctions in elec-
trical equipment; inspecting, testing,
adjusting, removing, replacing, and repairing
switches and protective devices; operating
maintaining, and troubleshooting the
ship's service and emergency power distri-
bution systems; rigging and operating
casualty power systems; basic operation
of the transistorized control circuitry
found in solid state (logic) control systems;
function, operation, and repair of motor
controllers; lubricating, inspecting,
testing, adjusting and repairing motors
and generators; inspecting and maintaining
the various lighting equipment and systems;
maintaining manual degaussing systems and
the GM-1A and EMS-4 automatic degaussing
systems; function, operation, and mainte-
nance of the major units of the d.c.
electric propulsion and control systems;
operation and maintenance of auxiliary
equipment such as steering systems, anchor
windlasses, elevator equipment, underway .

replenishment equipment, electric fork-
lifts, and galley equipment; and basic
principles of sound motion picture systems.

While working on this correspondence
course, you may refer freely to the text.
You may seek advice and instruction from
others on problems arising in the course,
but the solutions submitted must be the
result of your own work and decisions.
You are prohibited from referring to or
copying the solutions of others, or giving
completed solutions to anyone else taking
the same course..
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Naval courses may include a variety of questions -- multiple-choice, true-false,-matching, etc.
The questions are not grouped by t%pe; regardless,of type, they are presented in the same general
sequence as the textbook material upon which they are based. This presentation is designed to pre-
serve continuity of thought, permitting step-by-step development of ideas. Some courses use many
types of questions, others only z, few. The student can readily identify the type of each question
(and the action required) through inspection of the samples given below.

MULTIPLE-CHOICE QUESTIONS

Each question contains several alternatives, one of which provides the best answer to the
question. Select the best alternative, and blacken the appropriate box on the answer sheet.

SAMPLE

s-1. The first person to be appointed Secretary
of Defense under the National Security Act
of 1947 was
1. George Marshall
2. James Forrestal
3. Chester Nimitz
4. William Halsey

Indicate in this way on the answer sheet:

TRUE-FALSE QUESTIONS

Mark each statement true or false as indicated below. If any part of the statement is false
the statement is to'be considered false. Make the decision, and blacken the appropriate box. on the
answer sheet.

SAMPLE

s-2. Any naval officer is authorized to corres-
pond officially with any systems command
of the Department of the Navy without his
commanding officer's endorsement.

Indicate in this way on the answer sheet:

2 3 4 .

MATCHING QUESTIONS

Each set of questions consists of two columns, each listing words, phrases or sentence!. The
task is to select the item in column B which is the best match for the item in column A that is
being considered. Items in column B may be used once, more than once, or not at all. Specific
instructions are given with each set of questions. Select the numbers identifying` the answers and
blacken the appropriate boxes on the answer sheet.

SAMPLE

In questions s-3 through s-6, match the name of the shipboard officer in cplumn A by selecting
from column B the name of the department in which the officer functions.

A B Indicate in this way on the answer sheet:

s-3. Damage Control Assistant 1. Operations Department

s-4. CIC Officer 2. Engineering Department

s-5. Disbursing Officer 3. Supply Department

s-6. Communications Officer

115023
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Assignment 1
The Electrician's Mate and Safety Precautions

Textbook Assignment: Pages 1-1 through 1-6 and 2 -1 through 2-25

In this course you will demonstrate that learning has taken place by correctly answering
training items. The mere physical act of indicating a choice on an answer sheet is not in itself
important; it is the mental achievement, in whatever form it may take, prior to the physical act
that is important and toward which course learning objectives are directed. The selection of the
correct choice for a course training item indicates that you have fulfilled, at least in part,
the stated objective(s).

The accomplishment of certain objectives, for example, a physical act such as drafting a
memo, cannot readily be determined by means of objective type course items; however, you can
demonstrate by means of answers to training items that you have acquired the requisite knowledge
to perform the physical act. The accomplishment of certain other learning objectives, for
example, the mental acts of comparing, recognizing, evaluating, choosing, selecting, etc., may
be readily demonstrated in a course by indicating the correct answers to training items.

The comprehensive objective for this course has already been given. It states the purpose
of the course in terms of what you will be able to do as you complete the course.

The detailed objectives in each assignment state what you should accomplish as you progress
through the course. They may appear singly or in clusters of closely related objectives, as
appropriate; they are followed by items which will enable you to indicate your accomplishment.

All objectives in this course are learning objectives and items are teaching items. They
point out important things, they assist in learning, and they should enable you to do a better
job for the Navy.

This self-study course is only one part of the total Navy training program; by its very
nature it can take you only part of the way to a training goal. Practical experience schools,
selectee. reading, and the desire to accomplish are also necessary to round out a fully meaningful
training program.

Learning Objective: Recognize
fundamentals of the enlisted
rating structure and general
requirements for advancement of
active duty and inactive duty
Electrician's Mates. Textbook
pages 1-1 through 1-3.

To which rating category.do Electrician's
Mates belong?
1. Apprenticeship
2. Emergency
3. General
4. Service

1-2. When assigned to shore duty, an
Electrician's Mate may work outside
the rate or rating.

1-3. What is the purpose of assigning an NEC
to Electrician's Mates?
1. To identify their specialized

skills
2. To show whether or not they are

eligible to draw proficiency pay
3. To identify the types of training

they are qualified for
4. To indicate the highest paygrade

they have qualified for

Learning Objectiye:--Indicate uses
of trsining-pUblications, technical
manualwand other printed source
materials. Textbook pages 1-2
through 1-6.

1-4. Source materials for servicewide written
examinations at the appropriate rate
level may include any reference listed
for that rate in the Bibliography for
Advancement Study.



1-5. Which of the following courses or tests
may be prepared from rate training
manuals?
1. Servicewide advancement examinations
2. Nonresident career courses,
3. Locally prepared advancement tests
4. All of the above

In items 1-6 through 1-8, select from column
B the publication that contains the item of
information in column A.

A. Information B.

1-6. Military knowledge
factors needed to
perform duties of
a rating

Publications

1.

2.

1-7. Required and recom-
mended study refer- 3.

ences for advancement
exams

1-8. Advance information 4.

on field changes

Electronics
information
bulletin

DODISPR

Bibliography
for Advancement
Study

Military
Requirements
for Petty
Officers 362

In items 1-9 through 1-11, select from
column B the periodical in which the subject
matter in column A is published.

A. Subject Matter B. Periodicals

1-9. New developments in 1.

shipboard engineer-
ing 2.

1-10. Prevention of ship- 3.

board accidents

1-11. Techniques for
installing elec-
tronics equipment

Fathom

EIMB

All Hands

4. Naval Sea
Systems Command
Periodicals

1-12. Which of the following study hints ould
help you get the most from a Ra
Training Manual?
1. Devote your time exclusively to

important military topics
2. Make notes as you study, particu-

larly of the main ideas, then review
your notes

3. Omit easy material; study only the
most difficult and the unfamiliar

4. Try not to cover a complete unit in
any one study period

2

1-13. Preventive maintenance reduces the need
for major corrective maintenance.

1-14. The Electrician's Mate 362 rate training
manual lists the military requirements
information.

Learning Objective: Point out
the types of safety posters.
Textbook pages 2-1 and 2 -2.

1-15. What color(s) is/ere used to warn
personnel of possible hazards?
1. Green
2. Yellow
3. Red

4. , Both 2 and 3 above

1-16. In the lower-left poster of figure 2-2
of the text, what type of hazard would
be found in the area?
1. ,High,voltage
2. Portable electric tools
3. Metal shavings on deck
4. Rotating machinery

Learning Objective: Identify safe
or unsafe practices in using and
repairing tools and equipment.
Textbook page 2-1.

1-17. What should be done with a ball-peen
hammer with a split handle?
1. Use it cautiously
2. Replace thg handle
3. Tape the handle
4. Replace the head

1-18. You should apply friction tape to a pair
of long-nose pliers to provide electri-
cal insulation.

1-19. In an emergency condition only, which,
if any, of the following actions is an
approved method for improvising an
insulating barrier between a metal tool
and the hand of its user?
1. Apply several layers of friction

tape
2. Apply masking tape covered by

several layers of friction type
3. Apply several layers of rubber

tape covered by a layer or two of
friction tape

4. None of the above



Learning Objective: Point out
the requirements for ground con-
nections and precautions regarding
the repair of circuits and use of
rubber matting, ground straps,
and shorting tools. Textbook
pages 2-4 through 2-6.

1-20. What is an acceptable resistance reading
for the ground connection between the
ship's hull and metal frame of a port-
able electric drill?
1. Less than 1 ohm
2. 1 ohm
3. 1,000 ohms
4. 1 megohm

1-21. When testing the ground lead of a port-
able electric drill that has exposed
conductors, what action should you take?
1. Replace the plug
2. Patch the cord with tape
3. Cut the damaged section.out and

replace it
4. Replace the cord

1-22. Of the following actions, which is NOT
a safe practice for using a portable
electric drill?
1. Lay out cord so no one will trip
2. Wear safet; goggles
3. Use 3-conductor extension cord
4. Remove the third prong when a 3-hole

receptacle is not available

1-23. When equipment grounding is provided, how
can you make sure that the bonding
surfaces will have a positive metal-to-
metal contact?
1. By checking mechanical connection

to ensure proper contact
2. By securely fastening the connection

with the proper mounting hardware
3. By cleaning the shock mount
4. By doing all the above

1-24. .To'discharge capacitors in deenergized
equipment after the power has been
secured, which of the following devices
is used?
1. Screwdriver
2. Ground strap
3. Shorting probe
4. Each of the above

1-25. It is permissible to use steel wool on
electrical contacts.

3

1 -26 Where an aerosol dispenser is being used
in a poorly ventilated space, which of
the following procedures is considered
safe?
1. Keeping the equipment energized
2. Heating the dispenser to keep it warm
3. Supplying the space with fresh

outside air
4. Spraying warm equipment

1-27. In discarding a used aerosol dispenser,
you should NOT puncture the can or place
it in a wastebasket that will be emptied
into an incinerator.-

1-28. When a water-based solvent is not practi-
cal, what cleaner is recommended?
1. Inhibited methyl chloroform
2. Carbon tetrachloride
3. Benzine
4. Ether

Learning Objective: Point out the
safety precautions for handling,
stowing, and disposing of radioactive
and cathode-ray tubes. Textbook
page 2-7.

1-29. As long as an electron tube containing
radioactive material remains intact, NO
great radiation hazard exists.

1-30. You should be extremely cautious when
handlin- gt cathode-ray tube (CRT)
because its glass envelope encloses a
1. radioactive gas
2. compressed gas which may escape

rapiey through the glass seal
3. high .acuum and may implode with the

application of slight external
pressure

4. high rtssure and may explode in
direc.. sunlight

1-11. Lne way of breaking the vacuum seal on
a defectiv, CRT is to place the tube
face dol, J.: an empty carton and break
off tl-r ocating pin.

Learning Objective: Identify pre-
cautions to be observed when removing
paint from, or repainting, electrical
equipment. Textbook pages 2-7 and
2-8.
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1. i2. Electrical equipment should be painted
only when the lack of paint will
1. cause overheating
2. make the equipment look unimpressive
3. cause corrosion
4. cause electric shorts

1-33. Why is it a poor practice to use
chippers or scrapers for removing paint
from electrical equipment?
1. Paint dust is a conductor and may

ground the equipment
2. There is a good chance of damaging

insulation and delicate parts
3. Paint dust is abrasive and may get

into contacts
4. Chippers and scrapers are not to be

used on metal

1-34. Identification plates should always be
painted.

Learning Objective: Point out
procedures for fighting electrical
fires. Textbook pages 2-8 and 2-9.

1-35. When should a Navy person become
acquainted with the types and locations
of fire fighting equipment?
1. Now
2. When you go aboard ship
3. Both of the above
4. When needed

1-36. What type of fire extinguishing agent
should be used on an electrical fire?
1. Potassium bicarbonate (PKP)
2. Soda acid
3. Carbon dioxide (CO2)
4. Foam

Learning Objective: Identify use
of caution and danger tags. Text-
book page 2-9.

1-37. Caution tags are ti,,od when
1. red tags are it a:ntlable
2. vhan enuipment Is secured for repair
3. a precautionary or ovisual caution

must he p%er-Ined to operate equip-
ment

4. oprr-atic.n of equipment could present
a matt dirvvr to rsonnel

1-38. Red tags are used when which of the
following conditions exist?
1. Operation of equipment would be

unsafe to personnel
2. Operation of equipment might damage

some component
3. Any dangerous situation of

operation of a system or component
4. Each of the above

Learning Objective: Identify
safety precautions related to
working on switchboards. Text-
book pages 2-13 through 2-17.

1-39 Permission to work on energized
switchboards originates with whom?
1. Operations officer
2. Officer of the DeA
3. Engineer officer
4. Commanding officer

1-40 Prior to working on an energized
switchboard, what should be insulated?
1. L. e metal parts adjacent to the

work area
2. Grounded metal adjacent to the work

area
3. All metallic handtools
4. Each of the above

1-41 The person who works on the energized
switchboard should be qualified in
administering artificial respiration.

1.42 What class of rubber gloves should be
seected if a person is to work around
a piece of equipment rated at 5,000
volts?
1. Class 0
2. Class I
3. Class II
4. Class III

1-43. Which, if any, of the systems shown in
figure 2-7 of the text is a perfect
ungrounded system?
1. A
2. B.

3. C

4. None

1-44. Shipboard electrical .systems can NOT.be
considered aR perfect ungrounded systems
because of which of the following
reasons?
1. Generator insulation resistance and

capacitance
2. RFI filter capacitance
3. Cable resistance and capacitance
4. All of the above

itf,m1
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1-45. Insulation resistance tests on circuits
are designed to ensure that the system
will operate properly, NOT to make the
system safe to touch.

1-46. The secondary of.a current transformer
should NEVER be short circuited when its
primary is energized.

1-47. The current coil of a wattmeter or an
ammeter must be connected
1. in parallel with the load
2. across the power source terminals
3. in series with the load
4. in series with a shunt

1-48. Prior to working on a high potential
circuit, which of the following steps
should you take?
1. Remove the power
2. Discharge all capacitors
3. Ground the circuit
4. All the above steps in the order

listed

1-49. Which of the following individuals or
groups is permitted to gain access to
the interior of the enclosure of
energized equipment?
1. The operator
2. The operator when accompanied by

authorized maintenance personnel
3. Authorized maintenance personnel
4. Authorized maintenance personnel

when accompanied by a trained
safety observer

1-50. To ensure maximum protection from floor
matting, which of the following actions
should the electrician take?
1. Use only approved rubber floor

matting
2. Clean the matting whenever it

becomes contaminated
3. Make sure matting is always in place
4. All of the above

Learning Objective: Safety
importance of electrical work-
benches. Textbook pages 2-18
and 2-19.

1-51. Once an electrical workbench has been
properly insulated, you may attach a
vise or other hardwire safely.

1-52. Which of the following items would be
considered necessary on an electrical
workbench?
1. Ground leads secured to the ship's

structure
2. 50 amp clip on the ends of ground

leads

3. A minimum of one ground lead for
each 4 feet of workbench

4. All of the above

1-53. Electrical workbench re eptacle connec-
tions must be supplied by an isolation.
transformer.

Learning Objective: Point out the
effects of electric shock on the
human body, procedures for rescuing
a person in contact with an energized
circuit, and procedures for the
resuscitation of an unconscious
person. Textbook pages 2-21
through 2-23.

1-54. What is the minimum amount of electrical
current thot can cause a fatal shock?
1. 1 milliampere
2, 10 milliampere
3. 100 milliampere
4. 1 ampere

1-55. The victim of electric shock by a
portable drill should be freed of con-
tact with the drill as quickly as is
safely possible for the rescuer. A
quick and safe way to free the victim
is to
1. turn the drill switch off
2. cut the portable cable
3. pull the fuses at the distribution

box
4. pull on the drill's flexible cable

until the drill clears the victim

1-56. Which of the following symptoms may
indicate that a person sustaining an
electric shock has suffered a cardiac
arrest?
1. Absence of pulse at wriat or neck
2. Dilated pupils in eyes
3. Weak or no renpirat1on
4. Each of the above

5
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1-57. In regard to the mouth-to-mouth method
of administering artificial respiration
to a victim of electric shock, which
of the following steps should you take
to prepare the victim quickly and to
make the method effective?
1. Place him face down on a level

place, slide a folded blanket under
his stomach, and drain saliva from
his mouth

2. Place him face up on a level place,
slide a folded blanket under the
small of his back, lift his lower
jaw forward, and depress his tongue

3. Move him to more comfortable
surroundings, loosen his shirt collar
and other tight-fitting clothes,
turn his head to one side, and drain
saliva from his mouth

4. Place him face up, clear his mouth
and throat, tilt his head bask, lift
his lower jaw, and pinch his nose
shut

1-58. I:, administering closied-chest cardiac
tuassage, you should make it a practice
to take which of the following actions?
1. Apply pressure to the breastbone

at the rate of 60 to 80 times a

\ 2.

\3.

4.

minute
Apply the least pressure that will
secure an affective pulse beat
Pause from time to time to see if
a spontaneous heartbeat has returned
All of the above

1-59. The effectiveness of cardiac massage as
a method of reviving a shock casualty
improves when massaging is combined with
mouth-to-mouth artificial respiration.

6

Learning Objective: Point out
the proper sequence for caring for
injuries due to burns and electrical
shock. Textbook pages 2-24 and 2-25.

1-60. Burns may be classified by cause as well
as degree of burn.

1-61. What percentage of a person is burned,
if the burn area is confined to the
left arm?
1. 1%

2. 97

3. 18%

4. 30%

1-62. What class and percentage of burn does
a person have, if blisters caused by
steam over half of the chest are
present? /

1. Thermal burniof 18% of the body
2. 2nd degree burn of 9% of the body
3. Chemical burn of 9% of the body
4. 3rd degree burn of 18% of the body

1-63. In what sequence should a burn victim be
treated?
1. Burn, pain, and shock
2. Burn, shock, and pain
3. Shock, burn, and pain
4. Shock, pain, and burn

er,..
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Assignment 2

TEST EQUIPMENT

Te:tbook Assignment: Pages 3-1 through 3-31.

Learning Objective: Identify proce-
dures for logical approach to troMble-
shooting electrical and electronic
equipment. Textbook pages 3-1 and_
3-2.

2-1. The firlit requirement for logical
troubleshooting is the ability to
1. identify the probable cause of a

symptom
2. isolate the faulty component
3. collect all available data on a

casualty
4. recognize normal operation

2-2. Which of the following senses is NOT
usecL in troubleshooting?
1. Smelling
2. Hearing
3. Tasting
4. Feeling

Learning Objective: Identify uses and
procedures for using portable tachom-
eters, both mechanical and electrical.
Textbook pages 3-2 through 3-4.

2-3. Portable tachometers must be mounted on
a motor for continuous readings while
the motor is being tested.

2-4. What restricts the action produced by
centrifugal force in the centrifugal
tachometer?
1. The pointer
2. The spring
3. The upper collar
4. The lower collar

dr
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2-5. What is age_af.,a chrono-
metric tac ometer?
1. 5000-50,000 rpm it
2. 500-5000 rpm
3. 50-500 rpm
4. 0-10,000 rpm

2-6. 9The resonant rend tachometer is partic-
ularly suited for measuring the speed
of a
1. gyrocompass
2. turbine
3. rotating magnetic field
4. synchronous motor

2-7. The resonant reed tachometer'has a
dial on its face to indicate RPM'e.

2-8. If the speed of flash on a stroboscopic
tachometer is slightly less than the
speed of the object being measured,
what will be the noticeable effect
concerning the object's rotation?
1. It will be fast in the wrong

direction
2. It will be slow in the wrong

direction
3. It will

a
ke fast in its normal

directi
4. It will be slow in its normal

direction

2-9. The flashing rate of the stroboscopic
tachometer shown in figure 3-3 of the
text is controlled by the
1. electronic pulse generator
2. swivel mount
3. oscillator
4. frequency of the power supply

2-10. The life of the strobotron tube can
be increased if the tube is
1. used at a high flashing rate
2. used at a low flashing rate
3. stored under refrigeration
4. stored in a dry case



Learning Objective: Identify proper
procedures in the use of the AN/PSM-4
multimeter. - Textbook pages 3-5 through
3-9.

2-11. A typical multimeter can be used to
measure direct current, resistance,
and voltage.

2-12. What warning device is included in the
high voltage probe of multimeter
AN/PSM-4A.to indicate the presence of
high voltage?
1. Buzzer
2. Light
3 Circuit breakef
4. Fuse

2-13. The d-c voltage range on AN/PSM-4 cam
be extended up to 1,000 volts by the
use of the
1. 1,000 VDC jack
2. dial selector switch
3. voltage divider
4. external shunt

2-14. The meter movement of the AN/PSM-4 is
designed to carry both d-c and a-c to
increase the flexibility of the
instrument.

2-15. The ohmmeter circuit of the AN/PSM-4
multimeter receives its power supply
from
1. ship's service 60-hertz power
2. ship's service 400 -hertL power'
3. the resistor being measured
4. an internal battery

2-16. What is the function of the range
switch on the AN/PSM-4?
1. To select the type of voltage to

be measured
2. To permit measuring either voltage

or current at different values
3. To select power supplyrequired

to operate the instrument
4. Ti., set the desired ohmic value to

be measured

2-17. What should be performed each time
switch S-101 is set to read resistance?
1. Rotate the zero ohm control knob
2. Short the test leads
3. Zero the meter
4. All of the above

2-18. Which of the following items is used
for the 5,000 VDC function on the
AN/PSM-4?
1. W101
2. W102
3. W103
4. J102

2-19. The alligator clips provided in the
AN/PSM-4 multimeter are primarily
used for
1. the convenience of the operator
2. high voltage tests
3. working on energized equipment

measuring current flow

Learning ObjActive: Identify proper
procedures in the use of the AN/USM-116
multimeter. Textbook pages 3-9 and
3-10.

2-20. The kN/USM-116 multimetercan be used
to measure
1. capacitance, inductance and

resistance
2. inductance, resistance and current
3. resistance, current'and voltage
4. current, voltage and wattage

2-21. The AN/USM-115 is capablc of measuring
direct current in the range of
1. 2 microamps to 10 milliamps
2. 5 microamps to 100 milliamps
3. 5 microamps to 10 milliamps
4. 20 microamps to 1000 milliamps

2-22. The 36 megohm resistor is used in, the
red probe of the AN/USM-116 primarily
to

1. extend the voltage range of the
meter

2. extend the current range of the
meter

3. eliminate capacitance in the probe
4. eliminate rapid battery drainage in

the meter

2-23. Under which, if any, of the following
conditions is the adjustment screw on
the meter face of the AN/USM-116 used
to zero the meter?
1. Prior to warmup
2. After a warmup period
3. With the probes shorted
4. None of the above



Learning Objective: Identify uses of
3 "the vibrating reed frequenoymeter.

TexteKok page 3-11.

2-24. Which of the followinA electrical meters
can be used to measure the frequency of
an a-c power generator?

# 1. Vibrating reed meter
2. Tuned circuit meter
3. Crossed-coil iron-vane meter
4. All of the above

'

2:-25. The vibrating reed frequency meter is the
simplest in construction and can be used
on d-c circuits.

Learning,Objective; Identify uses and
prodedures for using a Wheatstone

icextbook pages 3-11 through
3-13.

2 -26. The Whehtstone bridge is a precision
instrument used to measure
1. inductance
2. capacitance \.
3. resistance

,,-4. amperage

2-27. What would .a zero deflection on the
alvanometer indicate after adjustments

-4400 4f R1 and R3 of the Wheatstone bridge
I (figure 3-11B in the text)?

1. A balanced circuit
2. 'Insufficient warmup time
1. Ah open resistor
4. A shorted.resistor

Learning Objective: Identify basic
construction and operating procedures
of a cathode-ray oscillopEope. Text-
book pages 3 -13 through, 3-23.

2-28. Thi. cathode-ray oscilloscope can he
used to measure the
1. speed of alternators
2. phase relationship of .voltsge and

currenti
3. phase relationship of two voltages
4. current flow

2-29. In a basic oscilloscope, the weep
ihnerator provides a sawtooth ignal
to the

1.. circuit under test
2. vertical deflection amplifier
3. horizontal deflection amplifier
4. filament of the CUT

2-30. The purpose of t e, deflection plates
in a basic oscillo cope system is to
1. position the po nt of beam on the

screen
2. deflect harmonic frequencies

c3. filter harmonic frequencies
4. deflect synchronous side effects

2-31. When a positive potential is applied
to the right horizontal deflection plate
and the lower vertical deflection plate,
the beam will move to the
1. upper left
2. lower right

atupper right

lower left

2-32. How is an oscilloscope calibrated to
measure voltage?
1. In inches per second
2. With an electronic slide rule
3. With a known voltage
4. In meters per minute

2-33. In a basic synchroscope the horizontal

axis represents amplitude in volts and
the vertical axis represents time in
seconds.

10

2-34. When will a sinusoidal waveform appear
on the screen of an oscilloscope?
L. When a sawtooth waveform is applied

to the vertical deflection plates
and a sine wave is applied to the
horizontal plates

2. When a sawtpoth waveform :!.s applied
to both vertical, and horizontal
deflection plates

3. When the flyback time is correctly
adjusted

4. When a sawtooth waveform is applied
to the horizontal deflection plates
add a sine wave is applied to the
vertical plates

2-35. The frequency of the input waveform can
be calculated by knowing
1. the frequency of the sweep generator
2. the frequency of the power supply'
3. the resonant frequency formula
4. which graticule to use

/
2-36. A graticule is the etching on the face

of the oscilloscope to aid the technician
in reading signals.

9
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2-31. The locus control knob on the front of an
oscilloscope serves to afloat the

1. beam brilliance
2. spot (beam) location
1. spot (beam) she
4. trace P011100

2-10. The attenuator control is installed on
the oscilloscope to
i. adjust beam brilliance
2. limit amplifier amplitude
1. adjust trace position
4. limit spot (beam) size

2-10. II the position on the attenu -.or were
set at 0.06 volt/cm and the sine wave on
the oscilloscope occupied 6 cm peak -

to -peek. its amplitude would be

1. 0.2 volts
2. 0.16 volts
1. 0.42 volts
4. 0.4 volts

2-40. The purpose of the potentiometer that
is mounted on the attenuator witch of
the oscilloscope is to provide
I complete control of output

migmal
) tier control of input signal
J. repine control of the input

sigmal
t. definite step control of the

input signal

!-41 . the variable control knob on an
itoocope is Is the extreme counter-

clockwise position. It is at

1. mmaLmom gain. sinter attenuation
2. minimum got. swamis attenuation
3. seater gain. eaximum attenuation
4. water gain. minimum attenuation

2-42. What would be the result if the time
WOO 40 set at frequency that is

higher than the input frequency?
1. The protective fuse would blow
2. It would overdrive the signal genera-

tor and world result in damage
1. A potties of the Input signal would

be cut off
4. A smeller graticule would have to be

used

2-43. Mee to an oscilloscope called
"Triggered Oscilloscope"?
1. Whets it operates by as electron gun

1. Mee the probe has sicroswitch on

It

1. Mss it requires a long warmup
period

4. mesa it requires a source signal to
start It

2 -.4. The triggering and level controls are
used to synchronize the sweep generator
with the
1. vertical deflection plate
2. horizontal deflection plate
3. input signal
4. graticule being use

2-45. What will be the result when the TIME/CM
control knob is rotated in the extreme
clockwise position?
1. The trace signal will move up on the

screen.
2. The trace signal will move down on

screen.
3. The sweep signal will be at maximum

intensity.
4. The sweep generator will be

disconnected.

2-46. A prolonged display of a continuous
dot on the screen of an oscilloscope
will cause damage to the
1. chemical coating
2. electron gun
3. signal generator
4. deflection plates

2-47. What can the oscilloscope operator
determine with lissajous patterns?
1. Frequency response
2. Ratio of input to output signals
3. Unknown frequencies
4. Frequency modulation

2-48. When should the DC BAL control on an
oscilloscope be adjut6,4'
1. Each time it is ..4.o

2. At periodic fiat'
3. When setting tht for lissajous

figures
4. With t:.e scope turned off

2-49. Whew control works with the stability
control on an oscilloscc, ?
1. The magnifier
2. The DC DAL control
3. The triggering control
4. The level control

2-50. What should tie operator do before
operating an oscilloscope for the f it

time?
1. Consult WARSHIPS 9650
2. Consult 'he manufacturer's technical

manual
3. Set all control knobs to their

in...mum position
4. Check it with a known standard

14. ft eu
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2-51. When preparing to use an oicilloscope,
what will happen when you turn the
level control knob from the AUTO
position?
1. The trace signal will disappear
2. The signal generator will resume

control
3. The trace intensity will increase
4. The trace intensity will decrease

Learning Objective: Identify con
procedures for setting signal g.
tors output voltage level and c
the calibration of the frequenc
oscillator. Textbook pages 3-24
3-25.

2-52. What is the range
duced by an audio
1. 5 to 50,000
2. 50 to 500,000
3. 2 to 20,000
4. 20 to 200,000

of frequencies pro-
signal generator?
hertz
hertz
hertz
hertz

5-53. What is the purpose of the attenuator
switch on the audio signal generator?
1. To set the desired output frequency
2. To adjust the internal voltage

regulator
3. To select desired input voltrle
4. To set. the desired output voltage

2-54. What is the purpose of the frequency
meter on the audio signal generator?
1. To check the frequency of the first

band
2. To check the frequency of the

second band
3. To check the output signal level
4. To check the calibration of the

frequency oscillator at 60 and
400 Hz

Learning Objective: Recognize basic
construction and uses of the model
481 digital voltmeter. Textbook pages
3-25 and 3-26.

2-55. The digital voltmeter, model 481, is
essentially a 1

1. galvanometer
2. multimeter
3. self-balanced potentiometer
4. sliding bridge

2-56. The digital voltmeter operates automati-
cally through an. error detection circuit
which controls the operation of a series
of stepping relays.

Learning Objective: Identify cali-
bration and adjustment procedures used
on the model 481 digital voltmeter.
Textbook pages 3-26 through 3 -31.

-57. A lockout device is incorporated into
the switching logic of the digital
voltmeter, model 481,. to eliminate
1. line voltage surges
2. unnecessary switching
3. sensitive range selection
4. the leftmost readout from selecting

nine

2-58. The STD BY (standby) switch on the front
panel of the digital voltmeter, model

will not prevent automatic opera-
tion of the meter.

2-59. Intcalibrating the model 481 digital
voltmeter, if the meter reading changes
by more than one digit at a time, it is
necessary to
1. adjust the internal gain
2. turn the calibrate adjust control

in the clockwise direction
3. turn the calibrate adjust control

in the counterclockwise direction
4. adjust the sensitivity control

2-60. The model 481 digital voltmeter is
standardized when the meter reads
1. 19713
2. 0000
3. 1019

4. 1190

2-61. In setting the gain of the model 481
digital voltmeter and the readout dis-
play becomes unstable, it is necessary to
1. turn gain control in clockwise

direction
2. turn gain control in'counterclock-

wise direction
3. start calibration procedures over
4. make no further adjustments to gain

2-62. After replacing the input tube, when
should you adjust the hum control
setting?
1. After the input tube has become

aged
2. After calibration
3. After gain has been adjusted
4. After disconnecting from power

source

11
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2-63. When a standardization adjustment is
made to the model 481 digital volt-
meter, how many standard cells are
required?
1. Seven
2. Two
3. Nine
4. Four

2-64. The llnearity, of the reference voltage
divider is one of several factors
which may affect the accuracy (f
1. digital vpltmeters
'2. oscilloscbpes
3. any given power supply

AN/PSM-4 multimerers

2-65. The range unit will requi-e readjust-
ment when the
1. hum control has been adjusted
2. unit resistors change value
3. *digital voltmeter is considered
4. gain has been set

2-66. When the 100-volt range scale factor
of the model 481 digital voltmeter is
adjusted, what d-c voltages should be
used?
1. 95-99
2. 78-86
3. 24-32
4. 12-14

2-67. When the 1,000-volt range scale of the
model 481 digital voltmeter is being
adjusted, accuracy will be impaired
when less than 999 volts are used.
What is the lowest voltage that it is
possible to use?
1. 200
2. 400
3. 600
4. 800

12 5;)a)
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Assignment 3

ELECTRICAL INSTALLATIONS

Textbook Assignment: Pages 4-1 through 4-53

Learning Objective: Identify types,
sizes, and uses of shipboard electrical
cables by their designations, markings,
or other means. Textbook pages 4-1
through 4-4; 4-10, 4-11, and 4-18.

3-1. Shipboard electrical cable that is filled
with material which prevents the passage
of water under pressure is designated
1. watertight
2. waterproof
3. water resistant
4. waterproof or water resistant

3-2. The designation for certain nonflexing
service cables is DHFA-400. What do the
letter D and the number 400 indicate?
1. D--degaussing; 400--approximate cross-

sectional area of a single conductor
expressed in circular mils

2. D--two conductors; 400-approximate
cross-sectional area of a single
conductor expressed in thousands of
circular mils

3. D--degaussing service; 400-number of
strands per conductor

4. D--discontinued; 400--number of strands
per conductor

3-3. The symbol HOF used in cable designation
stands for
1. repeated flexing service, experimental
2. heat and oil resistant, flexible
3. heat resistant, synthetic rubber,

extra flexible
4. heat and oil resistant, extra flexible

3-4. What is indicated by the number that
follows the type sumbol of a cable
designator?
1. The size of the conductors in the

cable
2. The number of conductors
3. The size and number of strands per

conductor
4. Each of the above and/or other

information

3-5. What is the main difference between SGA
and HOF cables?
1. SGA cables are used in telephone cir-

cuits while HOF cables are used in
fire control circuits

2. SGA cables are used for permanent
installations while HOF cables are
used where frequent bending of the
cable occurs

3. SGA cabs are flexible while HOF
cables are oot

4. HOF cables are heat resistant while
SGA cables are not

3-6. Metal tags embossed with the cable
designation are used to identify which
of the following cables?
1. Temporary
2. Portable power
3. Permanent
4. All of the above

3-7. Where are circuit information plates
located?
1. On the bulkhead near the fuse boxes
2. On all equipment controllers
3. On cables
4. On distribution panels

3-8. Assume that you want to know the maximum
allowed current of a circuit you are
trouble-shooting. This information is
marked on which, if any, of the following
plates?
1. Cable identification
2. Distribution panel circuit information
3. Distribution panel cabinet information
4. None of the above

3-9. Which of the following information can be
found on the metal tag on a portable
casualty power cable?
1. Length of cable
2. Number of ferrules
3. Polarity
4. Phase sequence

13
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Learning Objective: Point out the
installation and repair procedures
of shipboard cables. Textbook pages
4-5 through 4-22 and 4-27 through
4-29.

'5710i The factors to consider in installing
cable aboard ship include locating the
cable in areas where which of the
following conditions exist?
1. Other equipment and cables will

cause no interference
2. Maximum dissipation of heat will be

provided
3. Damage from battle will be minimized
4. All the above conditions will be

satisfied

3-11 The total connected load of a three-phase
a.c. circuit is 32 amperes. If you are

unable to determine the feeder demand
factor for the-connected loads, what is
assumed to be the resultant load current?
1. 16 amp
2. 28.8 amp
3. 32 amp
4. 44.8 amp

3-12 What type of stuffing tube uses a neo-
prene "0" ring to ensure a watertight
seal?
1. Steel
2. Brass
3. Nylon
4. Aluminum

3-13. When installing a nylon stuffing tube,
you should apply neoprene cement to the

1. inner and outer surfaces of the
grommet only

2. inner surface of the grommet and the
cable sheath where it contacts the
grommet only

3. inner surface of the grommet, the
cable sheath, and the tube body

4. inner and outer surface of the grom-
met and the tube body, and the cable
sheath

3-14. What is the purpose of kickpipes and
what should be their height?
1. To protect a cable or cables against

mechanical damage; between 6 and 8
inches including the stuffing tube

2. To provide airtight penetration
through a deck; at least 12 inches

high
3. To protect a cable or cables against

mechanical damage; 9 to 18 inches
including the stuffing tube

4. To provide airtight penetration
through a deck; height varies with
size of the cable, but they should
be at least 18 inches high 14

3-15. Under what condition should you install a
riser box?
1. When passing cable through a water-

06nt deck or bulkhead
2. When passing more than two cables

through a deck in a single group
3. When passing cable through a non-

watertight deck
4. When passing cable into an electronic

space that requires additional ground-
ing

3-16. Assume that you are to install an
eluminum-armored cable that is 5/8 inch
in diameter to service a weatherdeck
lighting installation. You must run a

new cable up through the deck from a
distribution panel on the first platform.

How many turns of what kind of banding
material should you use to hang the

cable?
1. One turn of aluminum banding
2. One turn of zinc-coated steel banding
3. Two turns of aluminum banding
4. Two turns of zinc-coated steel banding

3-17., What is the purpose of the sealer that is
'applied to an armored cable installed in
a modular cable support?
1. It lubricates the cable
2. It prevents water passage under the

armor
3. It prevents air passage under the

braid
4. It makes the modular support water-

tight

that you are installing a cable for a
permanent lighting fixture on the mess deck of

your ship. You have to run the cable to the
fixture from a distribution lighting panel
located in the same compartment.

To answer items 3-18 through 3-20, assume

3-18. The distance from the last cable support
to the entrance fitting of the lighting
fixture is 10 inches. A bend is required.
The cable leads inside the fixture will
have to be 8 inches long. How far from

the last cable support should you cut
the cable?
1. 20 inches
2. 25 inches
3. 38 inches
4. 60 inches
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3-19. How should you protect the cable end
inside the fixture?
1. Install a cable end seal ouly.
2. Wrap each conductor with tape and

serve with glass cord only.
3. Varnish cable crotch, install resin

tubing on conductors, and serve with
gigss cord.

4. Tape cable crotch, varnish, and
install resin tubing.

3-20. Before clamping a solder type terminal to
a conductor, you should
1. untwist and tin the strands
2. twist the strands tightly only
3. twist the strands tightly and solder

them only
4. twist the strands tightly, solder them,

and tin the terminal barrel

3-21. After terminals are installedon the
ends of conductors within a certain
piece of equipment, the overall length'
of the conductors is 26 inches from
the entrance fitting. How much cord is
required to single lace the conductors?
1. 26 inches
2. 52 inches
3. 65 inches
4. 78 inches

3-22. You are about to single lace four con-
ductor for a distance, of_ 24 inches. If
you use maximum spacing between hitches,
approximately how many turns around the
conductors are required to complete the
lacing?
1. 24
2. 38
3. 44

4. 48

3-23. You have just made all cable conductor
connections in an installation. Your
next step is to
1. turn on the power and see if it

works
2. secure your tools and report the job

completed
3. get the chief to approve the job
4. check the circuit for grounds and

shorts

3-24. The minimum resistance between the
grounding conductor and the case of a
drill should be
1. less than 1 ohm
2. between 10 and 100 ohms
3. between 1 and 10 megOhms
4. greater. than 10 megohms

15

3-25. Which of the following pieces of portable
equipment requires the installation of a
three-conductor cable and grounded plug?
1. Juice extractor
2. Adding machine
3. Valve grinder
4. Each of the above

3-26. When should the ground connection of new
portable electric equipment be tested?
1. Before being used the first time
2. Before every use
3. Every six months
4. Annually

3-27. While testing for ground in portable
electric equipment, you notice a change
in the resistance reading. What does
the change indicate?
1. A short
2. A ground
3. A faulty cable
4. Each of the above

3-28. What is the LEAST acceptable resistance
reading between ground and the brass

" shell of a SNR plug?
1. Lees than 1 ohm
2. 100,000 ohms
.3. 1 megohm
4. 10 megohma

3-29. Refer to figure 4-22 of your textbook.
What is the minimum length of the outer
sheath that you should remove when pre-
paring a raw and for the casualty power
cable?
1. 16 1/4 in.
2. 15 1/4 in.
3. 14 1/4 in.
4. 12 in.

3-30. To permit full insertion of the conductor
tips into casualty power terminals, how
far must the conductor insulation be from
the uncrimped end of the attached copper ,

ferrule?
1. 1 1/16 in.
2. 1 1/8 in.

3. 1 1/4 in.

4. 1 3/8 in.

3-31. When you ate connecting casualty
power cables in a dark compartment,
three separate servings of twine on
a conductor indentifies
1. phase A
2. phase B
3. phase C
4. its polarity
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Figure 3A. Typical power feeder.

Refer to figure 3A for items 3-32 through
3-36. During operation of the circuit in

figure 3A, a ground reading reveals a below
minimum acceptable value. The cable from the
controller to the motor is 140 feet of TSGA.
Assume that all circuits are nonvital and the
ship is moored alongside.

3-32. What should you do to isolate the legs
or phase leads of the power circuit?
1. Open the switches or circuit

breakers at the power distribution
panel

2. Leave the motor controller contactors
open

3. Do both 1 and 2 above
4. Remove the ground straps and

clips

3-33. In measuring the circuit insulation resis-
tance, your first reading is taken between
the cable armor and the metal bulkhead.
It reads 0.8 megohm. What is your next
step?

1. Ground the cable armor
2. Remove the ground from the cable armor
3. Check the accuracy of your test equip-

ment
4. Connect all leads and measure the

resistance to ground

Assume that now you have isolated the
ground to the motor circuit indicated.

Your next step is to determine whether the motor
or the power leads are grounded. To do so, you
must disconnect the power leads from the motor.
With a megger, the following values are obtained
from the load side of the controller.

Phase A - 2.1 megohms
Phase B - 1.4 megohms
Phase C - 0.78 megohm
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3-34. Which phase, if any, must you investigate
further?
1. Phase A
2. Phase B
3. Phase C
4. None

3-35. What is the resistance per foot of the
grounded phase?
1. 0.1 megohm
2. 1 megohm
3. 10 megohm
4. 100 megohm

3-36. What should be your conclusion concerning
the condition of the cable?
1. Unsatisfactory because the insulation

resistance is below the minimum
2. Satisfactory because the insulation

resistance is above, minimum
3. Satisfactory because the insulation

resistance is below minimum
4. Unsatisfactory because the insulation

resistance is above minimum

3-37. What is the best way of determining
whether the insulation of a casualty
power cable is deteriorated?
1. With the aid of a magnifying glass,

look for already-developed cracks in
the insulation at the cable ends.

2. With the aid of a magnifying glass,
look for already-developed cracks in
the insulation at 2-foot intervals
along the entire length of cable.

3. Bend each individual conductor sharply
by hand at exposed ends, checking for
cracks to develop in the insulation.

4. Bend the entire cable sharply at its
midpoint, checking for cracks to
develop in and around the bending
point.



3-38. A portable shore power cable can be used
to transmit power between the service
generators of a ship and the distribution
system of another ship alongside if the
capacity of the cable is NOT exceeded.

3-39. Which of the following steps should you
take when connecting a shore power cable?
1. Test the ship's shore terminal box

for proper marking
2. Test the phase sequence by testing

with a phase-sequence indicator
3. Connect the shore power cable to the

ship's shore power terminal box
before connecting the shore power
cable to the shore connection

4. All of the above

3-40. When testing the phase sequence of a
shore connection, you should make sure
the leads of the phase rotation indicator
are NOT transposed.

3-41. Cables are kept as short as practicable
on installation to reduce
1. coupling effects
2. interference
3. changes of battle damage
4. power loss

3-42. What temperature limit is established by
the class of insulation for a 400-Hz
transformer?
1. 95°C
2. 105°C
3. 130°C
4. 200°C

Learning Objective: Recognize the
fundamentals of operation of elec-
trical safety devices. Textbook
pages 4-30 through 4-53.

L I

L2

L3

3-43. Why are limit switches used in a motor )
circuit?
1. To ensure safety of equipment and

personnel
2. To prevent overloading of the circuit
3., Both 1and 2 above
4. To prevent underloading of the circuit

3-44. How are float switches actuated?
1. By hand
2. By changes in fluid level
3. By changes in temperature
4. By changes in pressure

3-45. What type of switch depends upon both
pressure changes and temperature changes
for its operation?
1. Float
2. Pressure
3. Temperature
4. Knife

3-46. Assume that a pressure switch closes at
300 psi and opens at 50 psi. After you
make certain adjustments, the switch
closes at 350 psi and opens at 50 psi.
What kind or kinds of adjustments did
you make?
1. Range only
2. Differential only
3. Temperature
4. 'Range and differential

3-47. What is a pilot device?
1. A small device that controls a large

device
2. A large device that controls other

large devices
3. A large device that controls a smal.

device
4. A small device that, controls other

small devices

MOTOR

START NC' PILOT

CONTACTS FUSE

PILOT
DEVICE

SI

A. ,UTO MI
SOLENOID

Figure 3B. Representative pilot device control circuit.
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3-48. Assume that switch S2 of figure 3B is
closed and that switch S1 is in the
automatic position. Under normal load
conditions, which component controls
starting and stopping of the motor?
1. Either overload relay
2. Fuse
3. Pilot device
4. Main contact for L2

3-49. Assume that a magnetic-type overload relay
tends to trip before the overload current
becomes excessive. The relay should be
adjusted to trip at a greater overload by
1. lowering the indicating plate
2. raising the dashpot plunger
3. lowering the dashpot plunger
4. raising the indicating plate

3 -50. A thermal-type overload relay will
open a circuit when the
1. control shorts out
2. heater coil reaches a specific

temperature
3. magnetic flux becomes low enough
4. magnetic flux becomes great enough

3-51. A thermal overload relay is adjusted to
trip at a predetermined value of over-
load current by
1. changing the relative position of

the contacts
2. raising and lowering the dashpot

plunger
3. rotating the splitter arm
4. moving the relay heater coil

387

Figure 3C. Coil and disc arrangement of an
a-c reverse power relay.
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3-52. Oscillations in the induction disc of the
timer element of the relay shown in figure
3C are damped by
1. A
2. B

3. C

4. D

3-53. What must take place to cause reverse
rotation of the disc in figure 3C?
1. The polarity of coil A must reverse

with respect to the polarity of coil
B.

2. The polarity of coil E must reverse
with respect to the polarity of coil
F.

3. The current through coils A and B
must reverse with respect to the
polarity of coils E and F.

4. The current through coils E and F
must reverse with respect to the
polarity of coil B.

3-54. What actuates a phase-failure relay?
1. A flux cancellation between the flux

produced in the relay coils and the
flux produced in the coils in the
Rectox unit

2. An imbalance of the flux produced by,
the relay:coils

3. A flux cancellation between the flux
produced by one relay coil and one
coil in the Rectox unit, and the flux
produced by the other relay coil and
the other coil in the Rectox unit

4. An imbalance between the flux pro-
duced in the relays in the Rectox
unit

3-55. Refer to figure 4-57 of the textbook and
assume an open circuit in winding 1-3.
What is likely to happen?
1. The phase-failure relay would operate

and a Rectox unit would fail.
2. The phise-failure relay would operate

and a reactor unit woulefail.
3. The phase-failure relay would not

operate and a Rectox unit would fail.
4. The phase-failure relay would not

operate and a reactor unit would fail.

3-56. When two or more d-c generators are
connected in parallel, what device is
used to disconnect a generator from the
line if the, generator starts drawing
power from the line?
1. Thermal-type relay
2. Reverse-current relay
3. Magnetic-type relay
4. Reverse-power relay

5 11.
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3-57. The polarity of the voltage applied to
the potential coil on a reverse-current
relay will remain the same when the
generator terminal current is reversed.

. Learning Objective: Point out
principles and practices in the
repair of circuit breakers. Text-
book pages 4-38 through 4-';8.

3-58. What is the closing 'sequence of the con-
tacts in an ACB type of circuit breaker?
1. Main contacts (arcing contacts remain

open)
2. Arcing contacts and the main contacts

together
3. Arcing contacts then the main

contacts
4. Main contacts then the arcing

contacts

3-59. Which trip element should NOT be used on
the AQB-A250 type circuit breaker?
1. 275 amp
2. 175amp
3. 150 amp
4. 125 amp

3-60. The instantaneous trip setting of the
AQB-A250 circuit breaker is adjusted by
use of
1. terminal studs
2. shunt trips
3. adjusting wheels
4. trip coils

3 -61. The AQB-LF250 circuit breaker should be
closed before a blown fuse is replaced.

3-62. Which of the following circuit breakers
must be manually operated to interrupt
current flow?
1. Type ALB
2. Type NQB
3. Type AQB
4. Type ACB

3-63. Why is selective tripping useful aboard
ship?
1. It allows overcurrents to flow in

the'circuits
2. It systematically opens all circuits

when damage occurs
3. It maintains overcurrents where fuses

will not
4. It isolates faulty circuits without

interrupting other associated
circuits

3-64. When the load current ev.;E-.4.. the

circuit current of. a gener.
generator circuit breaker
1. remain closed until a ,xch greater

current appears
2. open only if the current increases

rapidly
3. open only if the excessive current

remains constant
4. open instantaneously

3-65. What switches should be opened to isolate
a fixed-mounted circuit breaker the
requires repair?
1. All bus tie switch's
2. All switches ahead of the breaker
3. All generator circuit breakers
4. All switches in the entire switchboard

circuit

3-66. Assume that inspection of copper circuit
breaker contacts reveals a blackened
surface. What is the correct maintenance
procedure for these contacts?
1. Wipe the black copper oxide off the

contacts with a clean cloth
2. Sand the contact surfaces with fine

sandpaper
3. Wipe the contact surfaces with

inhibited methyl chloroform
4. Each of the above, if necessary

3-67. Which of the following conditions is
most likely to cause a relay magnet to
chatter?
1. Shorted coils
2. Rusty magnet sealing surfaces
3. Open coils
4.- Burned contacts

No



Assignment 4
A -C POWER DISTRIBUTION TISTCW.

Textbook Assignment: Page 5 t rough 5-60.

Learning Objective: Ide%tify the funda-
mentals of a ship service power distri-
bution system. Textbook p:tge 5-1.

4-1. The distrih6tion'system connects the
generators tt:::: supply the power to the
equipment that 1seb the cower.

4-2. The function of the bus ties on a switch-
board is,to
1. allow power distribution direct from

generator to load
2. feed power to the d-c generator
3. permit th switchboard to feed power

to all other switchboards
4. allow generators to operate in series

4-3. On small ships, what is an advantage to
locating distribution panels centrally
in respect to load and feeding them
directly from,the generator?
1. To simplify the installation
2. To reduce weight and space require-

ments
3. To reduce equipment requirements
4. Each of the above

4-4. What is the minimum number of feeders
used to provide power for vital load
centers?
1. One
2. Two
3. Three
4. Four

Learning Objective: Recognize the oper-
ating. principles of a-c generator, includ-
ing, related construction features and
devices used to drive them. Textbook
pages: 5-2 througt 5-5.

4-5. An a-c generator output is generated in
the
1. field windings
2. stator windings
3. rotor windings
4.' armature windings

4-6. Why are revolving type generators seldom
used?
1. Output power is conducted through

fixed terminals
2. Output power is conducted through

sliding contacts
3. They have limited power and voltage

applications
4. Both 2 and 3 above

4-7. The load rating of an a-c generator is
determined by the internal heat it can
withstand.,

4-8. The exciter in an a-c generator provides
1. a-c to the stationary armature
2. a-c to the stationary field windings
3. d-c to the load
4. d-c to the field windings

4-9. The rotary force of the prime mover is'.
transmitted to the a-c generator through\
the

1. stator
2. exciter field
3. rotor drive shaft
4. generator's armature

Learning Objective: Identify the
operating principles of one, two, and
three phase a-c generators, including
the wye and delta-connected types.
Textbook pages 5 -7 through 5-10.

4-10. In figure 5-7B in your textboOk, each
load is connected across two phases in
series which makes the magnitude of the
voltage across each load to be
1. larger than the voltage across a

.single phase
2. equal to the sum of the voltage

across all three phases
3. equal to the voltage across a single

phase
4. smaller than the voltage across a

single phase

20. 5..14'7;



4-11. When the load on the wye-connected system
in figure 5-8A has a unity power factor.,
circuit conditions are such that which
of the following results occur(s)?
1. All phase currents are equal
2. Phase current is equal to line

current
3. Phase currents are in phase with

' their respective phase volt:4e
4. All of the above ,

jr12. What is the line voltage (Er) across each
load of a wye-connected 3-phase generator
that operates under balanced conditions
if each phase generates 400 volts?
(NOTE: /-5- = 1.73)
1. 800 volts
2. 692 volts
3. 563 volts
4. 400 volts

4-13. When the phase voltage is 100 volts in
a delta-connected a-c generator, what
is the line or load voltage?
1. 200 volts
2. 173 volts,

3. 100 volts
4. 70.7 volts

4-14. What is the line current in a balanced
delta-connected generator when the
phase current is 20 amperes?
1. 34.6 amperes
2. 20 amperes

10 amperes
4. 6.6 amperes

Learning' Objective: Recognize factors
which determine the output frequency
and voltage of a-c generators, and the
principles of generator synchronization
and voltage regulation. ` Textbook pages

5-11 through 5-14.

4-15. The output frequency of an a-c generator
varies directly with which of the
following generator characteristics?
1. Number of poles on the rotJr
2. Speed of vkation of the rotor
3. Both 1 and 2 above
4. Frequency of the field current

4-16. What is the frequency of a 4-pole
generator that has a rotor speed of
2400 rpm?
1. 160 Hz
2. 120 Hz

3. 80 Hz
4. 40 Hz
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4-17. When will
increase?

a generator's output voltage,

1. When the Ir drop increases
2. When the load increases
3. When both 1 and 2 above occur
4. When the load decreases

4-18. A decrease in generator terminal voltage
caused by an inductive load is partly the
result of
1. reduced current through the armature

conductors
2. reduced d-c field flux caused by

the opposing action of armature mmf
3. increased d-c field flux caused by

the aiding action of armature mmf
4. increased armature mmf produced by

increased d-c field flux

4-19. What is the percentage of voltage regu-
lation of a generator if the no-load
voltage is 300 volts and the full-load
voltage is 200 volts?
1. 50%

2. 33.3%
3. 25%

4. 20%

4-20. The moat practical way of controlling
voltage of an a-c generator is by regu-
lating the generator's speed.

4-21. in addition to equai frequency, what
other conditiOn(s) must exist before two
generators are considered synchronized?
1. Equal terminal voltages
2. Corresponding. phase voltages in

phase
3. The same phase sequence
4. All of the above conditions must be

met

Learning Objective: Identify operational
principles, characteristics, design
features of transformers. Textbook
pages 5-17 through 5-22.

4 -22. Transformers are used to transfer
electrical energy from one circuit to
another by
1. resistive- capacitive coupling
2. electrostatic radiation
3. electromagnetic induction
4. hysteresis coupling

4-23. When transferring electrical energy, a
transformer may increase or decrease its
1. frequency and current
2. current and voltage
3. voltage and frequency
4. frequency, voltage and current

544



4-24. The primary of a transforms.. 18 defined
ao the winding which
1. has the highest voltage
2. has the lowest voltage
3. delivers energy to the load
4. receives'energy from the a-c source

4-25. Losses due teddy currents in the core
of a transformer are minimized by using
1. thin, insulated lamination
2. heat-treated core material '

3. grain-oriented material
4. subdivided windings

4-26. Why is the low-voltage winding placed
next to the core instead of the high-
voltage Ninding?
1. To reduce hyteresis loss
2. To reduce leakage flux
3. To reduce insulation requirements
4. To reduce Ir drop

4-27. The total induced voltage in each winding
of a transformer is proportional to the
number of turns in that winding.

4-28. A transformer rated at 400 Hz may NOT
be operated at which of the following
frequencies without causing damage due

`to heat?
1. 450 Hz
2. 420 Hz
3. 370 Hz
4. 340 Hz

4-29. A transformer's efficiency is stated as
a ratio of its input and output
1. currents
2. losses
3. powers
4. voltages

4-30. Which of the following losses does NOT
affect the efficiency of a transformer?
1. Leakage reactance
2. Copper
3. Eddy current
C. Hysteresis

Learning Objective: Recognize the differ-
ent operational features of various trans-
former connection,. Textbook pages 5-23
through 5-27.

4 -31. To obtain maximum current output from a
single-phase transformer, it is necessary
to. connect the sections of the secondary
windings in
1. series-opposing
2. parallel-opposing
3. series-adding
4. parallel-adding

4-32. In a properly delta-connected transformer
secondary, supplied by a balanced 3-phase
load with a phase voltage of 120 volts,
what is the line voltage and current?
1. 120 volts, current one-half phase

current
2. 120 volts, current 1.73 times phase

current
3. 240 volts, current one-half phase

current
4. 240 volts, current 1.73 times phase

current

4-33. When a large number of single-phase loads
are supplied from a.3-phase transformer
bank, tbi,desirable connection of the
transformers secondary is a wye configur-
ation.

4-34. Three single-phase transformers with wye-
connected primaries and delta-connected
secondaries are used to step up voltage. .

Learning Objective: Identify the fund-
amentals of ship's.service distribution
system including switchboards, bus
transfer equipment and shore power.
Textbook pages 5-30 through 5-34.
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4-35. Centralized control of the electrical
plant on ships having four ship service
rwitchgear groups are provided with a
1. control benchboard
2. mimic bus
3. designated switc%board
4. forward ewitchgear group

4-36. When a generator is running in parallel
with other generators, what component
prevents it from being operated as a
motor?
1. Governor
2. Overspeed trip
3. Reverse power relay
4. Voltage regulator

4-37. The automatic voltage regulator main-
tains constant voltage during load change
by varying
1. armature resistance
2.. field excitation
3. generator speed
4. governor speed

4-38. In which order of phase sequence arp
maximum positive voltages re; '-ld?
1. A, B, and C
2. A, C, and .B
3. B, A, and C
4. B, C, and A

.0



Learning Objective: Point out the
operating principles of an emergency
power distribution system and how its
switchboards are interconnected. Text-
book pages 5-35 through 5-40.

4-39.' Why is the'horizontal separation of
normal, alternate, and emergency feeders
important aboard ship?
1. To reduce the possibility'of damage

to all three feeders simultaneously
2. To eliminate the possibility of

damage to all three feeders simul-
taneously

3. To evenly distribute power through-
Jut the shilvq*

4. To evenly distribute the weight of
the electrical system.throughout the
ship ,

4 -40. When will a ship's emergency dJ,esel
start up in the event of a failure of
all ship service generators?
1. As soon as the forward Ship service

switchboard has shifted the load to
the forward emergency switchboard

2. As soon as the most accessible
emergency diesel is manned

3. Within 10 seconds after failure
4. When theforward emergency itch-

. gear is energized from the orward
ship service switchgear

4-41. The aftermiugency switchgear group
controls which of the following tom-
ponents?
1. The after emergency generati g unit
2. The after ship service and e ergency
3. The emergency lighting feeder
4: All of the above

4-42. In figure 5-2 of the textbook,"whn 1SA
and 2SA are operating in parallel pith
each other, the ship is said to be
operating split plant..

4-43. What is the source of power for an
emergency switchboard at general
quarters, under normal conditions?
1. Normal source
2. Alternate source
3. -Ehergency source
4. Battle feeder Il

4-44. What voltages will cause relays V1 and
V2 of figure 5-33 of the textbook to

. open and close?
1. 282 volts; 450 volts

(.2. 315 volts; 282 volts
\-.3. 315 volts; 382 volts

4. 415 volts; 450 volts '
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4-45. In figure 5-33 of the textbook, what
device determines the precedence of the
voltage relays?
1. 83E
2. 83N
3. Switch 10
4. Ship service test switch

4-46. What device(s) isFare used to rbtransfer
the emergency switchboard to. ship service
supply?

'1. Timing relay TR1
2. Timing relay TR2
3. Both 1 and 2 above
4. 83E

4-47. In figure 5-33 of the . textbook, *tat
switches) is/are opetated td. test for
transfer of power from normal to alter-
nate source? .

1. Ship service test 'switch (preferr.d
source transfer)

2. Emergency transfer test switch
3. Circuit breaker 52E
4. All of the above

4-48. In'figure 5-33 of the textbook, what
device is operated to the opea'positiOn
to prevent feeding power to .the
emergency distribution bus during a
feedback operation?
1. 83E
2. 83N
3. 52E
4. 89

Learning Objective: Identify the
principles of operation of a DLG power
distribution system. Textylt pages
5-40 through 5-44.

To answer items 5-48.through 5-55, refer
to figure 5-34 in your textbook.'

4-49. To which switchgear group is generator
2A connected?
1. 1S

2. lE

3. 2S

4. 2E"

4-50. Why are the ship service generators and
the emergency generators separated from
each other?
1. To keep the weight:of the two genera-

tors distributed evenly_aboard ship
2. To keep all generators from being

-damaged at the same time
3. To distribute the electrical power

throughout the ship
4.ArTo distribute the generators due to

the lack of space
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-fl. When mmergeecy doserater 11 is met up
for automatic prevails., Whet device

opeewente chola& of the three circuit
breaker' simultsmernsely?
1. A mechmeical isterleck

t. Am electrical Leterteck
I. An elestramechanisal taterleck
4. Circuit breaker 3211

4-I2, tr the ship 141 operating On emergency
power, tetrameter to ship service power
ide be otbegeliSbOd eutomaticelly.

4.11. 10 414 lellevina, which is the only
proper use of the feedback circuits?
I. To reveltrt the *hip service War.

*toff with the morapery pemeratora
4. To perellet the esrgncy generators

with each other
t. To revolt., the olitotlishotY generators

with *hare power
4. To supply pewer to the oh!, service

t.,a rot 410,1104 the ship service

*%* yolooded stuAiorie of the eytio,huer4 4y

te I/utterd fray umleseeed sections by
I. O001441 too* tfOMOtt switches
1. eteconney1 switches

1. cmarrol witches
4, reedlreck circuit breaker.

6-1i Mee 0.0.41100 a 0144008O1 'witch, you
4401 position it so as to removers. the
'4.404 styled somptetly to prevent the
switch from vibrating 'pee er closed.

1,01,0411 ablectivs; Identify the fir tae
sonata of 0.01411o0 lit a 61440111 regu-
toted power supply, Teetboa peva 5-47
through

flite primary winding of a securable

.orrott-poreetiel tremerurno* t6CPT/ in
a 10-4W moist Aoottfotot v41110 resole-
fof .oeteto. which or the following
type. of ogoOtosAi
I. A 11,- control w1041,4
4. gush voltage mol comma wift41464
$. oecoarlery windinam
4. *if of the *hove

6,41. 0,4.6 .hedoeeet of * sg, 441 Nolo, **04,4=

*of fowfloo4 *4 4 flay oo4k1,41 too Ike
.444000; vw1g#1011

$ Fries., of the ocpg
I 44.4$440fy of the 041

I. $114448. 6f14#0 04.11fOof
Vwitogo #141.414tog

In it 5-56 crvough 5-60, select from column
11 the primary purpose of the circuit found in
the static converter circuit in column A.

4-3S.

4-59,

4-60.

A. Circilit

Oscillator

Fbees control

Voltage
regilator

O. Purpose,

1. Nalntain the
proper phase
relationship
between the out-
puts of the main
and teaser invert-
er.

2. Control the out-
put voltage of
the converter

1. Provides pulses
to fire the OCRs
in the main
inverter

4. Limit voltage
across the invert-
er OCRs

1=1.11,111.

77.11r-Inn-res

Learning Objectival Point out the
beak principles and procedures of
electric plant operation. Textbook
papa I-S$ through 3-57,

1TIV791.M. 4,...21171.1M-W

4-61, When a ship !a under battle conditions,
the loner/aline plant should be set up in
1, crone -plant operation with bye ties

between service switchboards CLOORD
2. orose-plant operation with feeder

circuit breaker. CLOSED for both
normal and alternate supplies

1, split -plant operation with bus tie.
between service switchboard. ORN

4, split-plant operation with feeder
circuit breakers OFRN for both
'turmoil and alternate aortal..

4=61, Notch of the follmeina to an advantage
of hayloft e-, generator. operating in
parallel!
1. Kure current available
2. Lue4 tranaferral without interruption
1, Naffs efficient under varying load
4. Rath of the above

4-61. Which of the following condition. will
prevent a 60-N. ship service generator
from being paralleled if the system is
equipped with synchronising ennttoral
1, Maio anal. between OW and 4400
2, Frequency difference more than 0,2

No

1, !toffees difference 1044 than IX
6, All of the above

/6 w,
10,
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4-64. When a synchroscope is used to parallel
a-c generators, the incoming generator
should be put on the line just before
the synchro &cope needle passes slowly
through zero while traveling clockwise.

'4-65. Generator A )has a rating of 100 kW and
is operating in parallel with generator
B whose rating is 200 kW. How should a
30-kW load be divided between the two

T
ge ators?
1. Generator A should carry 15 kW and

generator B should carry 15 kW
2 Generator 4 should carry 20 kW and

generator Bshould carry 10 kW
. Generator A should carry 10 kW and

generator B should carry 20 kW
4. Generator A should carry 7.5 kW and

generator B should carry 22.5 kW

4-66. A circuit breaker supplying power to
vital equipment trips automatically
with NO excessive interrupting disturb-
ance. How many times may you reset it
before investigating the cause?
1. One
2. Two
3. Three
4. Four

4-67. When, if ever, is the hold-in device on
circuit breakers utilized?
1. When switching the load from one

switchboard to another
2. When there is a suspected casuals

in the voltage regulation equi
3. In an emergency situation where he

maintenance of power to vital ecpip-
ment is eamential

4. Never

4-68. The phase sequence on shore power mutt
be A, 11, C before shifting from ship'*
power.

4-69. The division of, the kilowatt load betWeen
n-c generators operating in parallel is
determined by the
1. field current
2. operation of the voltage regulator
3. speed of the prime mover
4. polarity of the exciter

loernino Objective: Recognize prin-
ciples and procedures in rigging or
unrigging aeualty power. Textbook
pages 5-58 through 5-60.

6

4-70. Casualty power bulkhead terminals are
permanently installed on opposite sides
of the bulkhead to permit
1. selected equipment to receive casualty

power
2. transmission of power through com-

partments without loss of/watertight
integrity

3. transmission of power through decks
without loss of watertight integrity

4. phase checking for proper polarity

4-71. Exclusive use of a generaOr for casualty
power purposes may be acc mplished by
1. opening the generator circuit breaker
2. opening the generato disconnect

links
t. stripping the switchboard the gener-

ator is feeding
4. transferring all bus transfer

switches to emergincy power

4-72. When you are connecting the leads in an
a-c casualty power system, the safest
procedure is to always connect
1. the leads to a power panel while

normal power is being supplied to it
2. a black lead to a C terminal first
3. the leads by work from the load

to the power suppl
4. a two-serving' le to an A terminal

first

4-73. A portable cable used to rig a-c casualty
power systems in the Navy will carry a
maximum current of
1. 92 amperes/ for 4 hours
2. 93 amperes/ for 40 hours
3. 200 emporia for 4 hours
4. 200 amperee for 40 hours

4-74. What procedurl should be followed in
unrigging cam alty power?
1. Remove both ends of the first cable

at the power source, then proceed
step-by-step io the load

2. Remove both ends of the last cable
at the load, then proceed step-by-
step to the power source

3. Unrig the cable between the power
source and the load, then proceed
to the, power source and then to the
load

4. Remove both ends of the first cable
at the power source, than remove both
inch; of the last cable at the load,
then undo the remaining cable



Assignment 5

A. C. Power Distri'tion Systems (continued); D.C. Power Distrib' ion Systems; Motor
Controllers; and Maintenance and Repair of Moto,-, and ',enerators

Textbook Assignment: Pages 5-61 through 5 -66, 6- l,through 6-6, 7-1 through 7-21, and 8-1

Learning Objective: Point out the
fundamental maintenance and test
procedures used in keeping an elec-
tric plant on the line. Textbook
pages 5-61 through 5-66.

5-1. When measuring he resistance of a.c.
revolving fields of generators, you make
the megger ground connection to
1. a metallic part of the rotor
2. a metallic part of the generator frame
3. a convenient metallic surface
4. the ship's structure

FEEDER DISTRIBUliuN BOX

1

5-2. Testing automatic bus transfer equipment
for proper operation should include
opening a feeder circuit breaker.

J-3. Schematically, the element that protects
main feeders and branch circuits on ships
is designated by which symbol?

BRANCH DISTRIBUTION BOX

111V

A B

1

2

BRANCH 1 BRANCH 2 BRANCH 3

Figure 5A.
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111 to figure 5A.
To answer items 5-4 through 5-11, refer

5-4. To make certain that the trouble actually
is in branch 3 and NOT in the feeder
distribution box, you should first check
for normal voltage in the circuit. Across
what two points should this initial check
be made?
1. kind B
2. A and D
3. B and D
4. B and C

5-5. What is the only definite voltage indica-
tion that fuse F1 is blown?
1. 115 volts between points A and D
2. 115 volts between points A and C

3. No voltage between points A and C
4. No voltage between points B and C

Assume that you find that fuse F1 is
blown. You replace the fuse and it blows

again. This leads you to think that there is a
ground in, branch 3. You then attempt to locate
the ground with the use of a megger.

5-6. What must you do before you can conduct
ground tests in branch 3?

1. Remove fuses F1 and F2 and open
switch S3

2. Install fuses F1 and F2 and open
switch S3

3. Remove fuses F1 and F2 and close
switch S3

4. Install fuses F1 and F2 and close
switch S3

5-7. To check the side of branch 3 protected by
fuse F1 you will have to connect One megger
test lead to a good ground. To whit point
should you connect the other lead to make
this test?
1. A

2. B

3. C

4. D

IP
You are unable to detect a ground in
branch 3 by testing the circuit with a

megger. Since this branch is a lighting circuit,
it is doubtful that the trouble could be caused
by an overload. For this reason, you conclude
that the fuse blows due to a short circuit some-
where in branch 3. Your next job is t', try to
locate a short in the circuit with the aid of an

ohmmeter.
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5-8. When checking branch 3 for a short circuit,
you must be careful NOT to damage the ohm-
meter you are using. What should you do
before starting to check the circuit in
order to.protect the ohmmeter?
1. Open switch S3
2. Close switch S3
3. Remove fuses F1 and F,
4. Install fuses F1 and F2

5-9. Across what two points should you take
your initial resistance reading with the
ohmmeter?
1. A and B
2. C and D
3. E and F
4. G and H

5-10. You open up the tenth lighting fixture
away from switch S3 to expose the leads
running from the ninth fixture to the
tenth and the leads running from the
tenth fixture to the eleventh. After the
wires rudning to the eleventh fixture are
isolated; what meter reading will indicate
to you the possibility of a short in the
eleventh or twelfth lighting fixture?
1. Approximately 6.6 ohms across the

leads running from the ninth fixture
2. Approximately 30 ohms across the

leads running to the eleventh fixture
3. Zero resistance across the leads

running from the ninth fixture
4. Zero resistance across the leads

running to the eleventh fixture

5-11. Assume that a short circuit in branch 1
caused a fuse to blow. Since branch 1 is
a receptacle circuit, you will want to
know if the short is in the circuit or in
one of the portable devices plugged into
the branch. If the short is in one of
the portable devices you will want to

know which one. What procedure will give
you all this information with a minimum
of time and effort?
1. Unplug all portable devices and test

them one at a time for shorts
2. Unplug all portable devices and test

the branch fur shorts
3. Unplug the portable devices one at a

time and test the circuit at each step
for shorts

4. Unplug all portable devices, test the
branch for shorts, then plug the
portable devices back in, one at a
time, testing for shorts at each step

(5



Learning Objective:, Describe the
operating principles of a d.c.elec-
tric plant. Textbook pages 6-1
through 6-6.

5-12. On a d.c. switchboard, what feature
prevents the generators from motorizing
when they are operated in parallel?
1. Generator field rheostats
2. Reverse power trip
3. Reverse current trip
4. Disconnecting switches

5-13. On a d.c. generator, a rheostat is
connected in series with the shunt field
to adjust the
1. bus voltage
2. line current
3. generator voltage
4. field current

5-14. If the backup and feeder circuit breakers
open due to a circuit fault, what should
you do before closing the backup circuit
breaker?
1. Ensure feeder circuit breaker is shut
2. Inspect the backup circuit breaker

for visual damage
3. Check the feeder circuit breaker for

satisfactory operation
4. Check the feeder and backup circuit

breakers for satisfactory operation

5-15. Which components allow the generator
circuit breaker and associated devices
to be isolated for maintenance and
repair?
1. Feedback circuit breakers
2. Feeder breakers
3. Disconnect links
4. Segregated switchboards

5-16. On a 240-volt, 2-wire, d.c. generator
converted to a 240-volt, d.c., 3-wire
system, how is neutral established?
1. By a grounded center tap on the

transformer balancer
2. By a transformer balancer connected

through slip rings to a tapping point
on the generator armature

3. By a center-tapped ground connection
on the generator armature

4. By a center-tapped connection in the
generator shunt field

5-17. What is the maximum unbalanced load
allowed on most d.c. ship service 3-wire
systems?
1. 40%
2. 25%

3. 10%

4. 5%

5-18. On an operating d.c. generator, what
will happen to the voltage when the
field resistance is increased?
1. Voltage will oscillate, then increase
2. Voltage will decrease
3. Voltage will increase
4. Voltage will remain the same

5-19. OC a d.c. ship service generator, if
the voltage fluctuations at no-load and
full-load are in excess of the required
limits, what should you do?
1. Check for misalignment of bearings

or shaft
2. Check for an unbalanced generator,

rotor
3. Check for unequal air gaps in the

generator
4 Check for maladjustment of the prime

mover governor

Learning Objective: Discuss the
principles of operation of a ground
detector system. Textbook page 6-4.

5-20. Under normal operating conditions, what
happens to the ground contactor when a
ground occurs on the positive or negative
side of the system?
1. It remains closed
2. It opens and inserts a resistor in

the positive side of the system
3. It opens and inserts a resistor in

the neutral ground circuit
4. It opens and inserts a resistor

in the negative side of the system
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Figure 5B. D.C. ground detector 1.1op circuit.
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To answer items 5-21 and 5-22, refer to
figura 5B.

5-21. In the d.c. ground detector lamp circuit,
which contact closes to operate the
circuit's alarm bell?
1. Al

2. CB3

3. Cl

4. CB1

5-22. How will lamps A and B operate under
normal operating conditions?
1. Both out
2. Both lighted brightly
3. Lam, A bright, lamp B dim
4. Both lighted dimly

Learning Objective: Point out adjust-

ments and operating characteristics
of protective and operative components
of controllers. Textbook pages 7-1
through 7-4.

5-23. How are the contactors of n magnetic
controller operated?

GROUND
RESISTOR

5-25. In the secondary circuit of a wound'
rotor motor, what type of controller is
used to insert resistance?
1. A.C. secondary resistor Controller
2. D.C. secondary resistor controller
3. A.C. primary resistor controller
4. Autotransformer controller

5-26. What in the disadvantage of an open
transition compensator?
1. The motor may slip into phase during

transition
2. The resistor dissipates too much heat
3. The wound rotor has a tendency to

overspeed
4. If the motor slips out of phase

during transition, it may cause an
overload

5-27. A master switch that is mounted on the
controller is classified as
1. maintaining
2. momentary
3. local
4. remote

5-28. On a magnetic circuit breaker, what
circuit is opened by an overload relay?

The main contacts
The master switch
The operating roll of the high-speed
contactor
The operating coil of the main
contactor

1. By electromechanical devices 1'.

2. By a remote control master switch 2.

3. By a locally ,controlled master switch 3.

4. By each of the above means
4.

5-24. What type of controller is used to start
a 1/4 hp d.c. motor?
1. D.C. resistor motor controller
2. Static variable speed contrWer
2 Across-the-line controller
4. Autotransformer controller

29
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5-29. Which of the following is a coarse
adjuatment to the thermal overload
relay?
1. Changing the heater element
2. Changing the magnetic air gap
3. Increasing the distance between the

heater and the sensitive unit
4. Decreasing the distance a bimetallic

strip has to move to open the circuit

5-30. Induction thermal overload relays are
used only on a.c. circuits.

5-31. In the instantaneous and time-delay
magnetic overload relays, the current
settings are usually adjusted by
1. changing the magnetic air gap between

the armature and coil
2. changing the distance between the

induction coil and the tube
3. changing the distance between the

heater and heat sensitive unit
4. replacing the heating unit

5-32. Which of the following overload relays
requires a time delay before resetting?
1. Dashpot type relay
2. Magnetic relay
3. Solder-pot type relay
4. Each of the above

5-33. In figure 7-1 of the textbook, what does
the emergency run switch bypass or shunt?
1. Stop switch
2. Interlock of main contactor
3. Overload contacts
4. Control circuit fuse

5-34. Which of the following devices provides
short circuit protection to the motor
and controller?
1. Controller circuit fuse
2. Circuit breakers at power distribu-

tion panels
3. Fuses at power distribution panels
4. Overload relays

Learning Objective: Point out the
fundamentals of operation of an a.c.
motor controller. Textbook pages
7-5 through 7-8.

5.-35. Suppose that a controller protecting a
motor is able to disconnect it from the
power supply, keep it disconnected, and
then restart it automatically when
conditions return to normal. Which form
of protection is the controller providing?
1. Overload
2. Low voltage
3. Low voltage release
4. Any of the above

Figure 5C. A.C. controller.

5-36. The magnetic controller in figure 5C
provides what forms of protection?
1. Low voltage protection and low

voltage release
2. Low voltage protection and overload

protection
3. Low voltage release and overload

protection
4. Low voltage release, low voltage

protection, and overload protection

5-37. Suppose you push the button that starts
the motor of figure 5C. Which contact
closes to complete a holding circuit for
energizing the contactor coil after you
release the start button?
1. M1
2. M2

3. M3
4. MA

5-38. Rotation of the motor rotor in fieure 5C
can be reversed by a controller is
capable of
1. d' ,,a1,4cting L2 from T2
2. diJconn.cting Ll from T1 or L3 from

T3
3. connecting Ll to T3 and L3 to T1
4. closing MA at the same time that Ml,

M2, and M3 ure
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5-39. Suppose a reversing type of controller
which protects a three-phase induction
motor against low voltage and overload
causes the motor to stop running due to
line voltage failure. After line volt-
age is restored, how is the motor
restarted?
1. By automatic means
2. By pressing the forward or reverse

pushbutton
3. By interchanging two of the three

leads to the motor
4. By each of the above means

5-40. One type of a.c. motor speed controller
regulates the speed of an a.c. motor by
1. increasing and decreasing stator

current
2. switching from one set of stator

windings to another
3. increasing and decreasing the volt-

age of the power source
A. shunting different values of

resistance across the stator
windings

31

5-41. A three-phase aut?transformer is used
in starting three-phase induction motors
ancCsynchroncus motors because of its
ability to
1. furnish variable voltage
2. reverse direction of rotation of fhe

motor rotor
3. switch motor stauirconnections from

wye to delta
4. switch motor stotor connections from

delta to wye

Learning Objective: Identify the
fundamentals of operation of a d.c.
motor controller. Textbook pages
7 10 through 7-13.

5-42. Magnetic blowouts are used to quench
t e a c across contacts by
.1. creasing the contact 'separation
2. providing a magnetic flux which

blows out the arc
3. opposing the current flow
4. pulling the arc toward the cont.a,.'..:

Continue course on page 32.



L2

LC4

Figure 5D. D.C. controller with one stage of acceleration.

When answering items 5-43 through 5-46,
refer to figure 5D.

5-43. Assume that the start-. button is pressed.
What causes the line contacts LC1 and
LC2 to close?
1. Closing of line contacts LC4
2. Operation of contactor LC
3. Operation of the overload relay OL
4. Current flowing through armature A

and LC3

5-44. After closing LC1, LC2, and LC3, the
controller accelerates the motor. How
does the controllers connect the motor .

across the line?
1. By the SR contact completing the

circuit to coil AC
2. By contact AC2 shorting out the

starting resistn-
3. By allowing coil t, to .estore,

closing the SR contact
4. Each of the above is correct

5-45. After the motor Is connected directly
across the line, what should you do to
interrupt the circuit?
1. Press the stop button
2. Press the start-emergency button
3. Shout out the series relay

coil
4. Short out the starting resistor

5-46. In figure 5D, how can you change the
controller circuit to vary the speed of
the motor?
1. By connecting contacts SR
2. By disconnecting the shunt field

winding
3. By connecting a rheostat in series

with SH
4. By connecting a rheostat in parallel

with AC

Learning Objective: Point out the
basic operation f an electric
brake. Textbook pages 7-15 through
7-17.

5-47. Why are shaded coils used in an a.c.
solenoid brake?
1. To overcome eddy currents
2. To reduce eddy currents
3. To make magnetic pull even
4. To reduce vibrations completely

5-48. In the operation of the torque motor
brake,what action applies the brake
shots to the brake wheel?
1. The torque motor advances the jack

screw upward
2. The torque motor acts to increase the

pressure in the torque spring
3. The torque motor stalls, permitting,

the brake to act
4. The torque motor circuit opens,

releasing the spring



5-49. In aiseries d.c. motor, how is dynamic
braking usually accompl,4shed?

I.,. By disconnecting the motor from the

line

2. By connecting the armature and field
in series with a resistor to form a

loop

3. Both 1 and 2 above

4. By disconnecting the field from the

line

5-50. A d.c. motor is slowed by dynamic
braking when its turning armature
generates a countervoltage that forces
current through a properly connected
braking resistor. Which connection for
the braking resistor is used in (a) d.c.,
series-wound motors and (b) d.c., shunt-
wound motors?
1. (a) The resistor is connected across

the armature (b) in series with the
field

2. (a) The resistor is connected in
series with the field (b) across the
armature

3. In both (a) and (b), the resistor is
connected across the armature

4. In both (a) and (b), the resistor is
connected in series with the field

5-51. Assume that dynamic braking 1.s used with
a d.c. shunt-wound motor. When, if ever,

does the generated countervoltage equal
zero?

1. When the motor armature itops turning
2. When the motor armature , turning

and lifting a heavy load
3. When the brake is energized
4. Never

Learning Objective: Identify
techniques for troubleshooting a
motor controller. Textbook pages

7-18 through 7-21.

5-52. What action should maintenance personnel
take if contact tips overheat?
1. Replace the blowout coil
2. Clean and adjust
3. Instruct operator in correct operation

4. Replace shading coil

In answering items 5-53 through 5-55,
111 .refer to figure 5E and assume that

line voltage is 440 volts, 3-phase, 6C hertz;

5-53. If a voltage is read et position A, and
NO voltage is precent at position B, which
of'the following statements is true?
1. The voltmeter is defective

'2. All fuses are good
3. LI fuse is defective
4. L2 fuse is defective

Continue course on page 34.
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Figure 5E. Troubleshooting 3-phase magnetic line starter.

5-54. Which of the following events will cause
the motor to stop after the start button
is released?
1. Holding relay is open
2. Power contacts on LI did not close
3. Holding relay contacts did not close
4. OLI is defective

6

5-55. What voltage will be present between
points B and D with the stop button
open and the start button depressed?
1. 440 V
2. 220 V
3. 110 V
4. 0 V

34
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Learning Objective: Identify the
proper cleaning methods for motors

and generatdrs. Textbook_pages
8-1 and 8-11.

5-56. Why does the accumulation of dirt,
moisture, and oil in generator and
motor ventilation ducts cause local

or general overheating?
1. Resistance to the dissipation of

heat is decreased
2. Resistance to the dissipation of

heat is increased

3. Moisture and dirt form a nonconduc-

ting paste

4. Oil and dirt from a nonconducting
,paste

0

Suction cleaning of motors and generators
is preferred to other methods because it
lessens the possibility of damage to the

1. insulation
2. commutator
3. brushes
4. soldered parts

5-58. When blowing dust from a 75-kW generator
with compressed air, you should use

1. a vacuum cleaner
2. a suction blower at an opening

opposite the air jet

3. air preosure of less than 30 psi

4. any of the above

5-59. Alcohol should be used as a cleaning
solvent for electrical equipment.

5-60. The surface of a commutator can be
cleaned with a

1.t canvas wiper only
2.1 canvas wiper or a toothbrush

3. toothbrush or a strip of find

' sandpaper

4. strip of fine sandpaper or a canvas

wiper

Learing Objective: Recognize the

types, care, and installation methods
of bearings in motors and generators.
Textbook Pages 8-2 through 8-6.

'

5-61. The angular contact bearing of textbook
figure 8-1 is designed to support loads
resulting from forces that are applied
only perpendicular to the shaft.

5-62. The type of bearing used in motor con-
struction is thrust or radial depending
mainly on whether the
1. rotor rotates clockwise or counter-

clockwise
2. mctor is mounted vertically or

horizontally
3. drain holes on the bearing housing

are accessible
4. bearing housing is or is not dis-

assembled to renew bearing grease

5-63. Ball bearing malfunction in operating
machinery may be indicated by

1. loss of speed
2. arcing at the brushes
3. high temperatures
4. all of the above

5-64. In figure 8-2A of the text, excessive
end-play movement in sleeve bearings
is detectable by this motion.

5-65. Where should grease cups for a motor be
kept when they are NOT being used to
grease bearings?
1. In the workshop or toolroom in the

custody of responsible maintenance
personnel

2. In a bag attached to the motor

3. On a wire attached to a pipe plug

4. On a wire attached to the motor

5-66. Arrange the following steps for greasing
a motor in their correct order.
A. Flush out the bearin- housing with

clean hot kerosene

B. Disassemble the bearing housing

C. Reassemble the bearing housing

D. Pack the housing half full of grease

E. While the machine is running, force
grease into the housing with the
grease cup until grease runs out of
the drain hole

1. BACDE
2. BADCE
3. BDAEC
4. BADEC

5-67. Which of the following motors may be
greased without disassembling the bearing

housing?
1. A vertically mounted motor
2. A fan motor whose drain plug is not

accessible
3. A motor driven winch that has no

clutch
4. A motor whose drain hole it accessible

5-68. Double-sealed ball bearings are greased

cy disassembling the bearing housing.
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5-69. Where should the bearing puller be
applied to prevent damage in pulling
a bearing? To the shaft and the
1. Oiler ring
2. Outer race
3. Inner race
4. Shield

5-70. In the absence of other instructions, at
what level 'should you maintain the oil
in an oil-lubricated, ball-bearing motor
housing?,
1. Approximately level with the top of

the bearing
Z:" Almost level with the bearing inner
V-ring at the lowest point

3. Level with the center of the bearing
4. Approximately level with the highest

point of the bearing inner ring

5-71. Which type of bearing is used in large
propulsion generators and motors?
1. Right line
2. Journal
3. Tapered rolling
4. Rolling

5-72. Arrange the following steps for measuring
sleeve bearing wear in their correct
sequence.
A Turn the rotor until its cleaned spot

is in alignment with each one of the
cleaned spots on the stator

B. Take a reading on the taper gage at
each apot on the stator

C. Clean the varnish from one spot on
the stator, starting at 12 o'clock

D. Compare readings with allowable
tolerance

1.. CBAD
2. CABD
3. ACBD
4. ABDC

5-73. When the sleeve bearings of a motor
overheat, what action should you hike
as a watchstander?.

1. 'Stop the motor without securing the
load

2. Stop the motor immediately after
securing the toad

3. Secure the load and let the. motor run
until the.bearing cools

4. Continue to run the motor at the rated
load until the bearing cools

5-74. When you are using the infrared method
for mounting a motor bearing, the bearing
temperature should NOT exceed
1.' 100°F
2. 150°F)
3. 175°F"
4. 200°F

I'

5-75. Because of grease deterioration or grease
contamination, which of the following
methods of mounting bearings is undesir-
able?
1. Oven method
2. Hot-oil method
3. Arbor press method
4. Infrared method



Assignment 6

MAINTENANCE AND REPAIR OF MOTORS AND GENERATORS (continued); AND SHIPBOARD LIGHTING

Textbook Assignment: Pages 8-7 through 9-19

6

Learning Objective: Point out or
identify maintenance procedures
for brushes, commutators and slip
rings. Textbook pages 8-7 though
8-15.

6-1. What determines the grade of brush used
in a motor- ,generator?
1. The time dervice

2. The size motor or generator

3. The load an speed of the motor"

or generator'
4. All of the above '

6-2. Which of the following brushes should
be replaced?
1. Brushes 'With enclosed shunts
2. Brushes with a polished surface

3. Brushei worn within 1/8 inch of
metallic parts

4. All of the above

6-3. You can calculate brush pressure by
1. aubtracting the spring pressure

from'the fattish contact area

2. dividing'the brush contact area
by the spring pressure

3. subtracting brush-contact_aree
from the springropressnre

4. dividing the spring pressure by
the brush contact area

6-4. When seating a brush, you should use
a brush seater and
1. an oil stone
2. emery paper
3. a file
4. sandpaper

I

.1

.'*6-5. When seating a brush, you'ehould place
the sandpaper between the brush and the
commOtator with the rough side toward
the

1. brush and pull the sandpaper in the
direction of normal commutator
rotation

2. commutator and pull the sandpaper in
the opposite direction of normal .0
commutator rotation

3. commutator and pull the sandpaper in .
the direction of norMal commutator
rotation

4. brush and pull the sandpaper in the
oproeite direction of normal
commutator rotation

6-6. The finishing steps you take to complete
the job of seating the motor brush
include
1. pulling a finer strip of sandpaper

between brush and commutator once
or twice, vacuuming the dust that
results, and cleaning the commutator

2. turning the sandpaper over, sandpaper-
ing again,' and touching the seater to
the heel of the brush for a second or
two
touching the seater to the commutator
for one or two seconds, vacuuming the
dust than rpeuirs, and cleaning the
commutator

4. lifting the brush, inserting the
seater between brush and commutator
for a second or two, and cleaning the
commutator

03,

6-7. Arrange in proper sequence doe procedures
for seating brushes.
A. Use No. 0 sandpaper
B. Use tht brush seater at the heel

of the brush
C. Use No. 1 sandpaper
D. Vacuum the carbon dust from the

commutator
E. Vacuum the whit( ?owder from the

brush holders and windings
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1. A, C, D, B,

2. C, B, A, D,

3. A, C. D, B,

4. C, A, D, B,

and E
and E
and E
and E
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O-14. Assume that You are making emergency
repairs to d-c motor that has short-
circuited armature coil. to keep the
motor in soryi, until the coil can be
replaced. you will have to disconnect
1. the coil at both ends
2. and cut the coil at both ends
1. the coil at both ends and Install

hamper between the risers to
which the coil was connected

4. and cut the coil at both ends and
install jusber between the risers
to which the coil was connected

div

4-15. In a wound a-c rotor. reduced torque.
excessive vibration. sparking at the
brushes, and an uneven collector ring
sr* indications of a/an
1. open rotor coil
2 hoorted coil
1. stAnted rotor coil
4- shorted field coil

s-16, What indication would you have If
ffild cool at a loaded d-c or a-c
generator bccowN open?

Intre4.44o4 motor speed

2. Haw, sparking
Loss of load and voltage

a. All of the above

6-17. ghat is the itenr.snre
41 damaged stator?

A. lest for continuity with an ohmmeter
I. Test for mechanical diffirulities;

spin the motor and then the driven
unit

C. Test for ground
D. Visually inspect the stator

of testing for

1.

2.

a.

C. A
C. D.
11. A.

C. 11.

1.

11.

C.

A.

and D
and A
and D
and D

6-111. Which of the following components should
be protected from the slings when large
rotor is lifted?
I. A-c rotor
2. 0-c armature
3. Marisa journals
4. loch of the above

4-11. Where is the pressure applied when
bowiess are replaced on a shaft?
1. Lamer rim.
2. Niter awl
3. Cage
4. lace

JulJu



6-20. Which device(s) is/are used In commuta-
tor bar-to-bar tests for armature opens?
1. Voltmeter
2. Megohm meter
3. 6-volt battery and milliammeter
4. All of the above

6-21. What is pole pitch?
1. The width of a coil
2. The span of a coil
3. The distance between the centers of

two adjacent poles
4. The distance between the coil connec-

tions

6-22. What is meant by the term, "progressive
lap winding"?

The winding is connected to segments
two pole pitches apart and the
,ce!.ncztions progress in the counter-
clockwise direction

2. The winding is connected to adjacent
segments and the connections progress
in the counterclockwise direction

3. The winding is connected to segments
two pole pitches apart and the connec-
tions progress in the clockwise
direction

4. The winding is connected to adjacent
segments and the connections progress
in the clockwise direction

Figure 6A. Armature Winding Identification.

6-23. What class of winding is indicated, if in
figure 6A the milliammeter reading de-
creases when the probe at segment 2 is
moved successively from segment 2 through
li and increases from 11 through 21?

1. Simplex wave
2. Duplex wave
3. Sinplex lap
4. Duplex lap
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6-24. What class of winding is indicated, if
in figut, to th. milliammeter decreases
then increa.es two times when the probe
at segment number 2 is moved to each
segment successively around the commutator?
1. Four-pole wave
2. Four-pOle lap
3. Six-pole wave
4. Six-pole lap

6-25. What is the function of tool number 5 in
figure 8-35 of the text?
1. shape Coil end
2. To lift coil leads
3. To remove fiber wedges
4. To undercutthe commutator

6-26. What is the purpose of the bar-to-bar
test in the stripping procedure?
1. To determine type of winding
2. To identify coil pitch
3. To determine coil throw
4. To identify commutator pitch

6-27. What agent is used to thin the varnish
for prevarnishing an armature that is to
be wound with wire with class F varnish?
1. Mineral spirits
2. Alcohol
3. Turpentine
4. Xylene

6-28. You can prevent pocketing of varnish
---,ins the armatur4 d=rin;

1. dipping
2, draining
3. wiping
4. baking

6-29. What type of insulation is placed in the
coil slots before laying in the coils?
1. Polyamide paper
2. Rigidclaminate type GME-MIL-P-15037
3. Class A
4. Glass tape

630. When is it preferable to place banding
wires on an armature?
1. Before baking
2. While the coils are hot
3. Before prebaking
4. After prebaking

6-31. What is the upper temperature rating of
Class A insulation that has been immersed
in dielectric?

5G2

1. 105° C
2. 130° C
T. 155° F
4. 180° F



6-32. What is the temperature rating of an oven
used to bake class H insulated armatures?
1. 130°C

2. 155°C

3. 350°F
4. 500°F

6-33. After rewinding and baking, what is the
lowest acceptable megohm reading for an
armature rated at SOO volts? (Note:

This reading is taken prior to a high-
potential test.)
1. 1

2. 2

3. 2.5
4. 4

6-34. How much test voltage is applied to a
shunt coil that has completed a varnish
treatment?
1. 1,000 volts
2. 2,000 volts
3. Rated excitation voltage plus 1,000

volts
4. Twice rated excitation voltage plus

1,000 volts

6-35. When the winding of a coil is completed
which of the following devices is used
to make a polarity check?
1. Voltmeter
2. Ammeter
3. Megohm meter
4.

6-36. Why are d-c motors usually reversed by
changing the direc ton of current flow
through the armature?
l'. The armature leads ere longer
2. Only one element is xnvolved
3. The series field is.hard to reach
4. All of the above are correct

Figure 6B. 3-phase, 4-pole, series wye winding.

6-38. In what direction does current flow in
group 10 of phase A in figure 6B?
1. Opposite that in group 1
2. Opposite that in group 4
3. `Same direction as in group 1
4. Same direction as in groups 1, 4,

and 7

Items 6-39 through 6-44 concert the com-
pass test for shorted pole-phase groups.

6-39. What should you do in testing a 3-phase,
wye-connected winding for shorted pole-
phase croups?
1. Connect the external leads of all

phases to one test lead
2: Apply lour d-c voltage between each

phase lead and the midpoint of the
connected phases

3. Open each connected phase and apply
low d-c voltage to -an open winding

4. Oi a each connected phase and apply
low a-c voltage to an open winding

6-37. Which is he correct procedure for the .

reversed rotation method of locating the
best positiun for commutation?
1. Position one coil of the armature so

that it is centered on adjacent pole 6-40.
pieces. The ends of the coil indicate
proper brush position

2. Under full load, measure speed, re-
verse direction of motor, and adjust
brush position for correct speed. 6 -41.

Keep reversing until brushes do not
require adjustment to obtain full
speed

3. Adjust field strength and terminal
voltage at full load. Reverse direc-
tion of rotation and adjust brush
position until terminal voltages and
speed are the same

4. Each of the above is correct

40 r-,

In testing a 3-phase a-c delta-connected
winding, you open each of the connected
phases and pass low- voltage direct
current through all phases in series.

What is the indication for a shorted
pole-phase group?
1. NOrth-seeking compass needle
2. South-seeking compass needle
3. No deflection of compass needle
4. Clockwise rotation of compass needle



6-42. The balance current test is performed on
3-phase a-c windings to locate
1. open coils
2. shorted phases
3. grounded coils
4. reversed phases

6-43. What is the procedure for testing a
3-phase delta-connected winding for a
shorted phase?
1. Open one delta connection and send

low voltage a-c through all phases
connected in series

2. Open one delta connection and send
low voltage d-c through,the other
two phases connected in series

3. Open one delta connection and send
low voltage a-c through the other
two phases connected in parallel

4. Open each delta connection and send
low voltage a-c through each phase
separately

6-44. Assume you are testing a 3-phase wye-
connected winding for an open circuit
with an ohmmeter. You get a low reading
when the ohmmeter leads are on terminals
A and B, a high reading:when the leads
are on B and C, and another high reading
when the leads are on A and C. These
readings indicate an open circuit in
1. phase A only
2. phase B only
3. phase C only
4. phases it, B, ana Li

6-45. You can discover and locate an open a-c
stator winding by taking resistance read-
ings of the
1. coil ends only
2. phase terminals only
3.. interpoles
4. phase terminals, then the coil ends

41

6-46. Which windings are placed in series in
figure 8-58 of the text, when the motor
is connected for 220 volts?
1. Both run windings
2. The run winding and the start winding
3. Both start windings
4. Each of the above

Learning Objective: Point out the
fundamentals of a shipboard lighting
distribution system. Textbook pages
9-1 through 9-5.

6-47. From how many switchboards does a typical
lighting load obtain its power?
1. One
2. Two
3. Three
4. Four

6-48. Refer to textbook figure 9-4 and assume
that the supply voltage for,ABT2 decreases,
causing relays 1V, 2V, and 3V to drop out.
What sequence of events takes place to .

complete the transfer of the load to the
emergency source of power?
1. Relay 4V drops out; after a short

delay, relay SE is energized; the
emergency source is connected to the
transfer switch; coil TS is diseon-

i

nected from the operating circuit
2. Relay 4V is energized; relay SE drops

out; after a short delay, 4V opens;
the emergency source is connected to
the transfer switch

'3. Relay SE.is disconnected; after a
short delay, relay 4V is energized;
the emergency source is connected to
the transfer switch; coil TS is
.disconnected from the operating
circuit

4. Relay SE is energized; relay 4V drops
out; after a short delay, SE opens;
the emergency source is connected'to3
the transfer switch
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Items 6-49 through 6-52, refer to figure
6C.

, 6-49. The emergency generator will start when
the alternate supply voltage drops be'ow
1. 300 V
2. 320 V
3. 330 V
4. 350 V

6-50. During normal operation, what is the power
source for emergency switchboard 2E?
1. Emergency generator 2E .

2. Emergency generator lE
3. Ship service switchboard 2SB
4. Ship service switchboard iSA

6-51. When an undervoltage condition develops
in ship service switchboard 2SA and 2SB,
which circuit breaker will open and
which will close to supply alternate-
power to the emergency switchboard?
1. CB 11 open, CB 13 cldse
2. CB 12 open, CB 11 close
3. CB 14 open, CB 15 close
4. CB 14 open, CB 16 close

6-52. Assume that all the lighting load is
carried by the transformer bank Ti.
What approximate percentage of the
lighting load will the bank be able to
carry if one transformer fails and is
disconnected?
1. 33.3%
2..42.5%
3. 57.7%.
4. 66.8%

Learning Objective: Identify ship-
board lighting fixtures and the lamps
they use. -Textbookbook pages 9-6
through 9-13

6-53. Medium base lamps are commonly -used. for
1. floodlighting on 1,000-watt-lamps
2. indirect lighting on lamps rated

'between 300 and 500 watts
3. detail lighting on 3-way lamps
4. general lighting on lamps rated at

300 watts or less 0

6-54. You close the circuit switch to a fluores-
cent lamp. When does current start to
flow between the lamp's electrodes?
1. Immediately
2. When the glow lamp bimetal strip

touches the fixed electrode
3. After the starting circuit opens
4. As soon as the bimetal strip it;

heated by the glow lamp

43

6-55. A fluorescent lamp ignites because of
induced voltage across the tube elec-
trodes.

6-56. Which of the following voltages will
operate a fluorescent lamp that is rated
at 120 volts without seriously affecting
the operation or life of the lamp?
1. 95 V
2. 105 V
3. 130 V
4. 150 V

6-57. How can you minimize the stroboscopic
effect of fluorescent lamps that operate
on a 3-phase a-c circuit?
1. By reducing the number of lamps in

the circuit
2. By combining two or three .a a

fixture and operating them ,fsrent
phases

3. By increasing the number of lamps
the circuit

4. By operating the lamps in diffe-en,
circuits on different phases

0-58. With which pf the following lamps coul1
you most easily determine wlether a I)O-
volt lighting fixture is energized with
alternating current.or direct current?
1. TV lamp
2. Glow lamp
3. Fluorescet lamp
4. Incandescent lamp

6-5.. When a glow lamp is operated on alternating
current, which of the following actions
'takes place?
1. A light is produced on only one-half

cycle
2. A light is produced on only a full

cycle
3. A light is producel onl. during a

portion of each h%lf cycle
4. No light is prt.a:eed

6-60. Lighting '':;..ures are designated according
to
1. size
2. type J -1.closure
3. color
4. illumination

a

6-61. What factor determines the number anfl ty.
of regular permanent lighting fixtures
installed in a compartmeut for general
illumination?
1. Current
2. Voltage
3. Light intensity required
4. Either current or voltage
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6-62. 'What 4"; the proper procedure for cleaning
ligh fixtures?
1. Wash and rinse in clean water
2. Wash with soap and clean n-witeri-and

rinse in clear water
3. rash with detergent and rinse in clean

water and ammonia
'4. Wash with soap and clean water, and

tinse in clean water and ammonia

Learning C)ject,ive: Identify the
princip-es of operation and main-
.tenan, cf navigational lights.
Textbook pages 9-14 through 9 -19

0,--

6-63. The cable si. ed for portable towing
lights is
1. DCOP 2
7, TTFA

0 3. THOF 3
4. 'FHA 4

44

In items 6-64 through 6-70, select from column
B the size of lamp that must be replaced in the
fixture of the navigational light or lights in
column A.

A. Navigational Lights B. Lamp Sizes

6-64. Mast head light

6-65. Side lights

6-66. White stern light

6-67. Man, overboard light

6-68. Anchor lights

6-69. Wake lights

6-70. Blue stern light

1. 50-watt, 2-
filament

2. 100-watt, 2-
filament

3. 15-watt, 1-
filament

4. 50-watt 1-
filament

. 6-71. When deenereized due to failure of the
primary filament of a running light, the
replay in figure 6D functions to do
which of the following actions?
1. Transfer power to the secondary fila-

ment of the affected light
2. Sound the buzzer
3. Energize an indicator light
4. All of the above and move An annun-

.iator target to read OUT

1



6-72. How may the buzzer in figure 6D be
silenced while the affected running
light is being repaired?
1. Close contacts X and Y
2. Placethe reset switch in the

vertical position
3. Place the reset swit11 in the

horizontal position
4. Close contacts Y and _Z

6-73. By properly positioning tLe signal
selector switch and the circui,.. con-
trol switch, you can make the speed
light function as a/an
1. aircraft warning light
2. man-overboard light
3. blinker light
4. steering light

046
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6-74. The Grimes light is used for
1. ASW operations signaling
2. identifying stores
3. indicating a disabled ship.
4. 'station marking

6-75. What is, the purpose of station marking
Lights?

belp_ships maintain their stations _
in a convoy

2. To identify the stores that are to
be sent to a replenishment station

3. To indentify lines of departure.
for amphibious operations

4. To identify ships at an ASW station

45
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Assignment 7

SHIPBOARD LIGHTING AND DEGAUSSING

Textbook Assignment: Pages 9-21 through 10-20

Learning Objective: Recognize con-
struction features of seachlights
and procedures for testing, inspect-
ing, cleaning, lubricating, and re-
pairing searchlights. Textbook

Pages 9-21 through 9-26.

"."'"'
7-1. That is the operating voltage of a

transformer-equipped, 8-inch, sealed-
beam searchlight?'

1. 115 V
2. 60 V
3. 23 V
4. 12 V

7-2. You can convert the 8-inch, sealed-
beam searchlight -into a portable search-
Light_by_de_taciAng_the=backshelland

7 -3. The shutter and backshell housings of
an 8-inch, sealed-beam searchl ht are
held together by (a)
1. swivel-mounted yoke
2. rail clamp
3. quick-release clamp ring .

4. springs

7-4. The transformer of a transformer-
equipped, 8-inch, sealed-beam search-
light is located inside the rear section
of the searchlight.

7-5. Access to the incandescent lamp of a
12-inch searchlight is obtained by
1. opening the shatter
2. removing a panel on the drum
3. opening the rear door
14. removing the reflector

7-6. The shutter vane hinges of the 12-inch
Searchlight should be lubricated with
1. type-R, grade-2 grease
2. fibrous bearing grease
3. diesel oil and graphite

4. 2110 oil

or'

0 Items .7 -7 through 7-11 pertain to the

24-inch carbon-arc searchlight.

7-7. In what unit is the main power switch
located in a 24-inch carbon-arc search-
light?
1. Turntable
2. Lamp housing
3. Pedestal
4. Drum

7-8. What is the normal voltage developed
across the carbon - areas the result of
the series ballast resistor?
1. 75 to 80 V
2. 65 to 70 V
3. 50 to 55 V
4. 20 to 25 V

7-9. The carbons of operating searchlights
must be replaced when, the
1. trailing_., ofimatative_osthos-iikar----_____-

appogra-intn the nosarivo head
2. positive carbon will no. longer feed

forward
3. negative carbon becomes shorter than

4 1/8 inches
4. positive carbon extends less than 1

inch beyond the obturator

In answering items 7-10 and 7-11, assume
411

that you are replacing the carbons in a
24-inch carbon-ard searchlight,.

7-10. After you turn off the main power switch,
your first step should be to
1. move the searchlight to the horizon-

tal position and lock in elevation'
and traiu

2. move the searchlight to maximum ele-
vation and lock in elevation and
train

3. open the front door until the latch
engages

4. open the rear door until the latch
engages

46 5 1t



7-11. After you have removed the old stubs,
your next step is to release the carbon-
feed rollers and
1. ream both carbon heads
2. replace both carbons
3. run the carbons through the heads
4. move both heads to their extreme

limits of travel

Learning Objective: Recognize the
fundamentals of shipboard diversified
lighting equipment. Textbook pages
9-27 through 9-30.

7-12. The use of light traps to prevent a light
from being shown topside is pteferred to
the use of door switches when which of
the following situations exists?
1. The possibility exists of exppsing

light from hatches on_decks alNove
the compartment

2. The flow of traffic through the com-
partment is heavy

3. The a'tivities in the compartment
must ,e carried on uninterrupted by
a lack of light.

4. Each of the above

7-13. ' where in the door switch circuit are lock-
in devices installed when the door
switches are connected in series and also
when the switches are connected in
parallel?

t

par 11c1
circuits

2. On the outer door only ih both serie.
and parallel door switth,circuits

3. Any accessible location in a parallel
door switch circuit and on the outer
door in a series door switch circuit

4, Any accessible lcication in a series
door switch circuit and on the outer
door in a parallel door switch circuit

7-14. What type of lights can be installed in
an area to supplement relay-operated
lanterns?
1. Flood lanterns
2. Flashlights
3. Manually operated lanterns
4. Floodlights

7-15. Assume that & compartment aboard your ship
is furnishedelectrical power from the 220 -
volt power circuit,, the 117-volt ship's
service lighting system, the 117-volt emer-
gency lighting system, and the 117-volt
power circuit. What circuit should furnish
power for the relay-operated hand lanterns?
1. 220-volt power circuit
2.- 117-volt power circuit
3. 117-volt ship's service lighting system
4. 117 -volt emergency lighting system

47

7-15. How should the relay-operated lantern be
installed?
1. With the relay uppermost
2. With the relay at either side
3. With the relay at the bottom
4. With the relay in any position

7-17. While checking the condition of the
battery of a portable flood lantern, you
discover that only the red and white balls-
are floating at the surface of the elec-
trolyte. This indicates that the
batteries are
1. fully charged-

2. 95% charged
3. 50% to 90% charged
4. 10% charged

Learning Objective: Identify the
fundamentals of degaussing a ship.
Textbook pages 10-1 through 10-7.

7-18. Why are degaussing systems installed
aboard ship?
1. To magnetize the ship's hull
2. To amplify the earth's magnetic

field

3. To lessen the effect of the ship's
magnetic field on the earth's
magnetic field

. To increase the effect of the ship's
magnetic field on the earth's
magnetic field

7-19. Th2 of ranipId, perme. eo

netism depends on which of the folloyina,
conditions?
1. The earth's magnetic field where the

ship was built
2. The material of which the ship is

constructed
3. The orientation of the, ship at the

time of building with respect to
the earth's field

4. Each of the above

7-20. Why are Navy ships depermed?
1. To increase the effective number of

degaussing coils of the ship
2. To decrease the permanent magneti-

zation of the ship
3; To decrease the induced magnetization

of the ship
4. All of the above

5"'0



NORTH GEOGRAPHIC POLE

MAGNETIC
CORE

SOUTH GEOGRAPHIC POLE

Figure 7A.

1,401

The earth's magnetic field.

0 Items 7-21 through 7-24 refer to figure
7A.

7-21. The lines of force in the earth's magnetic
field enter the earth's surface at -the
1. north magnetic pole
2. south magnetic pole
3. 1n4gnetic_ equator__ _
A. ,point midway between the magnetic

equator and the south magnetic pole

7-22. At which point on its surface is, the
earth's magnetic field characterized by
a strong flux that points away from the
surface?
1. A
2. B

3. C

4. D

'7-23. At which point on'the earth's surface can
you expect.to find a weak magnetic'flUx
aiming in the direction of the center of
the earth and a stronger magnetic flux
running parallel to the surface?
1. B

2. C

3. D

4. E

7-24. The horizontal component of the magnetic
field is maximum at the
1. north pole of the magnetic core
2. south pole of the magnetic core
3. magnetic equator
4. nonh and south geographic poles

7-25. On what does a ship's induced magnetism
depend?
1. The strength of the earth's magnetic

field
2. The heading of the ship with respect

to the inducing earth's field
3. The vertical induced component of

magnetism
4. Both 2 and_l 41Dve

7L26. The horizontal field component of a ship's
induced magnetization is made up of
longitudinal and athwartship field com-
ponent.

7-27. The magnitude of the vertical field com-
ponent of a ship's induced magnetization
dertnds op the
1. magnetic latitude
2. magnetic longitude
3. ship's heading
4. horizontal induced field component

Figure 7.B. 1,402

For items 7-28 and 7-29 refer to figure
IP

7B.

7-28. How does the induced magnetization of AB,
-CD, and EF compare when theship.in figure
7B is on a southerly heading at the mag-
netic equator ?.
1. AB and CD maximum; EF minimum
2. AB maximum; CD and EF minimum
3. EF and CD maximum; AB minimum
4. CD maximum; AB and EF minimum

7-29. When a ship aLeaming on a north heading
changes course to the east, what happens
to the magnetic field?
1. CD changes from zero to Illaximum
2. CD changes from maximum to zero and

EF will be effected
3. CD does not changd
4. EF does not change

4
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Figure 7C.

7-30. is the location of the er,uipment that
measures the magnetic field of a ship as
it passes over A degaussing range?
1. On the ship
2. At or near the bottom of'the channel

at the degaussing station
3. Ashore
4. At any of the above locations

7-31. One purpose of check ranging a ship is to
determine whether the
1. degaussing coil settings march those

given in the degaussing folder
,_2..,_c1egAnnAIng-c_harts_araccurate

3. curient settings are adequate
4. o-irla dagammaing inatn11ntinn Apeds

new coils

;7-32. Which type of degaussing coil count4*s
the magnetic fields produced by the
permanent and induced vertical components
of .a ship's magnetization?
1. A
2. L

3. M
4. Q

7-33. What coils in figure 7C are used to
counteract the effects of the induced
magnetism of the magnet CD in.the figure
7B?
1. Coils 1 and 5 only
2. Coils 3 and 4 only
3. Coils 3, 4, and 5
4. Coils 1, 3, and 5

7-34. Which magnetic field is counteracted by
the FI-QI degaussing coils?

1,403

7-35. Magnetic fields produced by the permanent
and induced longitudinal components of a
ship's magnetization are countered by
means of which coils?
1. F coils only
2. L coils only
3. Q coils only
4. F, L, and Q coils

7-36. A degaussing coil fcr correcting
athwartships permanent and induced
magnetization is designaied by
1. A '

AX---------:

3. API
4. AP - AT

7-37. The insulating sleeve for a degaussing
conductor is marked by
1. notching
2. branding
3.. stenciling
4. painting

_72
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A

- - -
C

Figure 7D.
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7-38. Which pair of dotted lines in figure 7D
shows the direction of the marking on a
properly marked and installed insulating'
sleeve for a degaussing conductor?

1. Athwartship induced 1. A
2 Longitudinal induced- 2. B

3. Longitudinal permanent 3. C-

4. Vertical induc-J 4. "..)

49,
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Learning Objective: Identify the
components and the operation of a
manual degaussing system. Textbook
pages 10-8 through

7-39. A rheostat depussing installation is
.energized from a

1. variable voliage motor generatoi
2. variable voltage a-c generator
3. constant voltage d-c generator
4. constant voltage a-c generator

7-40. In an installation where the -power for
the degaussing coils is supplied by a
motor generator, how are the degaussing
coil currents controlled?
1. By adjusting a rheostat connected in

series with the armature circuit
2. By adjusting a rheostat connected in

parallel with the armature circuit
3. By adjusting a rheostat connected in

-the generator field circuit,
4. By adjusting a rheostat connected in

series with the:degaussing coil and
te power Supplfr

7-44 Assume that a ship equipped with degaussing
gear is steering a steady course in a par-
ticular Z and H zone. Under which of the
following conditions would all degaussing
coil currentkvmain the same?
1. Ship passes to another Z zone
2. Ship passe, to another H zone
3. Ship changes course but remains in the

same sector
4. Ship changes course to another sector

7-45. What rheostats require resetting in a
rheostat degaussing installation when

-th "'ship passes from one Z zone to
another?

.

and A
3. F andQ
4. F,.Q, FI-QI, and A

7-46. What must you do before operating the
polarity changer of a motor-driven
rheostat to prevent the contacts from
burning out under a load?
1. Disconnect F, Q, FI-QI, L, and A

coils.

2. Disconnect FI-QI and L coils.
3. Reduce the curren' to 5 amperes,
4. Reduce the ctrrent-to zero.

7-41. Which instrument is used to check the 7-47.
direction of current in a degaussing coil?
1. Phase sequence mater
2. Compass__
3. Multimeter
4. Megohi met&

7-42. Assume that you are taking polarity read-
ings of a degaussing coil with a small
compass. How near to the co'l should you

' move the compass lo obtain an accurate
reading?
1. Just close enough to touch
2. ClJse eabughto deflect the compass

needle in one direction and then the
other

3. Close anough 4 get a good deflection
but no closer 1

4. Close enough 4 get a good deflection,
then closer still by at least an inch

7-43. Z-zone degaussing coil settings are ad-
justed for steadily increasing values of
current as a ship heads toward the
1. east
2. west
1. poles

4. equator

Aboard a ship that uses manually operated
rheostats, a remote degaussing panel is
located,in the pilot house or chart house
toLpermit.adjustment of the FI.Q1_and_A-_-
coil currents as the ship changeS heading.

7748. Assume that a ship's Deeaussine Folder
specifies -the use of 80 amperes (maximum).
How much current should be used to start
the procedure for canceling residual
magnetism in the degaussing coil? .

1. 20 amp
2. 40 amp
3. 60 amp
4. 80 amp

Learning Objective: identify the
funda*entals of operation of an
SM-9A automatic degaussing syatem.
Textbook pages 10-14 through 10-19.

7-49. The one white light mounted on the
remote control unit of the type SK-9A
automatic degaussing system indicate when
the three degaussing coils are on manual
control.

P-1,1



7-50. Signals from the ship's gyrocompass
Vystem are donverted to signals which
are proportional to the magnetic heading
by the

1. 'servoamplifier
2. control transformer
3. . signal amplifier
4. magnetic variation synch

7-51. What three units are attached to the
gear train of the servomotorT
1. Magnetic heeding indicator dial,

demodulator, and servoamplifier
2, Magnetic heading indicator dial,

£rachro resolver, and control
ansformer rotor

Magnetic heading indicator, demodula-
ctor, and resolver

4. 'Resolver, control transformer rotor,
and servoamplifier

What unit provides the impedance match
between the control transformer secondary
and the servomotor?
1. Redolver
2. Cottrol transformer
3. S:tvomotor
4. 4 voamplifier

7-53. What*tion takes place in the automatic
control circuit of the FI-QI channel
causing the second-stage control signal

) continue to drive in the same
dir tion?

output current from the second-
stage amplifier changes polarity.

2. The output current from the third-
mplifiaw ^1,1 *

3. The polarity of the second-stage
control signal is reversed by the
pilot relay.

4. The polarity of the third-stage
amplifier reverses independently on
a push,-pull output.

7-54. An error of more than 5 percent in the
required degaussing current causes a
trouble light to light due to a fault
signal produced by
1. the first-stage signal amplifier
2. the feedback shunt
3. the reversing contactor and pilot

pr f relay
4. a difference in the first-stage ampli-

fier signal and the feedback shunk.___
signal

7-55. Assume that you desire to determine the
setting of the magnetic variation dial
on the control unit. You can obtrin this
information from the ship's
1. magnetic compass heading
2. gyrocompass heading
3. log
4. navigational charts

7-56. In the signal amplifier circuit, what
component is controlled by the pilot
relay that the same polarity is in
effect_ as that of the input signal to the
relay amplifier?
1. Magnetic amplifier
2. Reversing contactor
3. Synchro differential generator
4. Wrrent adjustment rheostat

7-57. The rate feedback signal functions to
improve linearity and stability in the
FI-QI channel by
1. increasing when the coil current

decreases
2. opposing the degaussing coil current
3. opposing oscillatory tendencies in

the system
4. decreasing when the coil current

increases

7,-58. How does the fault signal amplifier cause
the trouble light to light when the FI -Q

current is in error with the
required degaussing current?
1. By magnetizing the coils of_the

output windings
2. By amplifying.a signal through a

3. By causing a decrease in the control
current in the saturable reactor

4. By causing the impedance of the
output windings to decrease

775'". What condition in the manual coil (M,FP-
QP) channels determines the polarity of
the degaussing coil?
1. Amplification of a variable magnitude

dkrictional d-c signal
2. Position of the reversing switch con -

tacts between the first-stage ampliJ
fier and the degaussing coil

3. Position 45f the coil polarity revers-.
ing switch

4. Application of a d-c voltage signal
to the fault signal amplifier
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7-60.' After the constant voltage supply for
the manual M coil channel has passed
through a filtering and reducing circuit,
what change does it undergo before
being used as the control voltage in the
M coil channel?
1. Conversion to a-c
2.

7-161,. What, condition in first-stage and Output-
stage amplifiers of the Fl-Q1 coil
':-channel maintains a d-c signal of
unchanged polarity?
1. An undirectional d-c.signal to the

output of.the first-stage magnetic
ampftfier

2. 'A doUble-anded, first-stage magnetic
amplifier

3. A single-ended, first-staqe.magnetic
amplifier

4. A directional d-c'signal to the
input of the first-stage magnetic
amplifier

A voltage decrepse
kviSltage increase
Conversion to d-c

Learning Objective: Point out the
proper procedures in preventive and
corrective maintenance of an automatic
degaussing system. Textbook pages
10-19 and 10-20.

7-62. What is the operating requirement for
coils energized to the maximum current
as specified in the Degaussing Folder?
1. Weekly for 4 hours
2. Weekly for 2 hours

104
3. Daily for 1 hour
4. Monthly. for 4 hours

7-63. What is the met4od for energizing the
coils after the system has been operated
the required time, and the coil current
is reduced to zero?
1. Energize for 2 hours with maximum

current in the opposite direction
2. Energized momentarily with maximum

current in the opposite direction
3. Energized momentarily with one-half

maximum current in the opposite
direction

4. Energize for 2 hoyirs w.l'h one-half

maximum current 4,": the opposite
direction

7-64. Assume that you are trk'g insulation
resistance raadings on an A coil of a
degaussing system that is supplied by
a rectifier. A'reversing switch is in-
stalled on the coil side of the recti-
fier disconnect switch. siIn what

position should you place the reversing
switch and the disconnect switch before
taking your measurements?
1. Open the reversing switch-and close

the disconnect switch
2. Close both switches
3. Open both switches
4. Close the reversing switch and open

the disconnect switch

7-65. After being tested for grounds, feeder
and control circuits should be recon-
nected to their terminals immediately
to prevent a misconnection later.

--V



Assignment 8

ELECTRICAL PROPULSION AND CONTROLS; CENTRAL OPERATIONS SYSTEM

Textbook Assignment.: Pages 11-1 through 11-14

Learning Objective: Recognize operating
principles and procedures for the
major components of a d-c propulsion.
system. Textbook pages 11-1 through
11-10.

8-1. To reverse the direction of propeller
rotation in a diesel-electric d-c
propulsion'system, what must occur?
1. The direction of rotation of the

propulsion generator must be reversed
2. The magnitude of the generator voltage'

must be changed
3. The polarity of the generator

terminal voltage must be change'd
4.- The direction of rotation of the

diesel engine must be reversed

8-2. The shunt fields of the propulsion motor
get their power from

. .

1. the propulsion generator being used
for auxiliary power

2. one of the propulsion exciters
3. the auxiliary 240-volt supply
4. one of the propulsion generators

8-3. What voltmeters located on the main pro-
pulsion control panel serve dual purposes?
1. M2, M4, and M9
2. M1 and M4 only
3. M2 and M9 only
4. Ml, M4, and M9

8-4. Excitation for the auxiliary generator
on a fleet tug is provided by the action
of a contactor controlled by which switch?
1. SW1
2. SW2
3. SW4

4. SW6

8 -5. The setting of which switches determines
which two generators will be utilized for
propulsion purposes?
1. SW7 and SW8
2. SW8 and SW12
3. SW9 and SW10
4. All of the above
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8-6. When there is a short circuit in the
auxiliary power circuit, which relays
and contactoft operate?
1. Relay OL1 opens the circuit to

Kl

2. Relay OL1 closes and contactor K2
opens

3. Relay OL2 opens the ciretit to
Kl

4. Relay OL2 closes and contactor K2
opens

. .

8-7. What is the function of the ma resistors',
R11, in series with RH2 and each of the
mbtor fields?
1. Ground fault protection
2. Discharge of stray field currents
3. Armature load balancing
4. Field load balancing

8-8. The propulsion controller shaft is
attached to three transmitter rheostats.
These rheostats are connected to synchro
receivers that adjust the
1. engine speed governor
2. exciter field current
3. motor field current
4. 240-volt d-c supply

8-9. When starting the propulsion system, you
first make sure that all of the controls
are in their normal shutdown positions.
After that your first step is to
1. start the diesel engine for auxiliary

power
2. operate the generator control switches
3. start the diesel engine for cooling
4. close the excitation control switches

8-10. During the starting procedure, you check
the exciter armature voltages immediately
after
1. closing the engine speed control switch
2. closing the generator control switches
3 starting the diesel engine
4 ,losirig the excitation control switch

5"G



8-11. Moving the speed-controfler handwheel
through approximately the first half of
its travel will affect the
1. generator field excitation
2. motor field excitation
3. prime mover speed
4. diesel-governor position

8-12. During normhl starting of the propulsion
system, excitation is applied to the pro-
pulsion motor fields by the operation
of the
1. excitation control switch
2.- engis speed. control switch

3. <generator control switch
4. controller

8-13. With the controller advanced beyond the
eleventh pesition, what is the effect on.
the (a) speed of the exciter and thriS1.-
excitatiqn to t generator?

' 1. (a) increa s; ) decreases
2. (a) decre es; (b increases
3. (a) increases; (b) -mains constant
4.' (a) remains constant; (b) increases

.8-14. When cutting out a generator operating at
500 rpm, you must wait several seconds
between opening the control switch and
operating the setup switch in order to
prevent
1. overloading the control circuit
2. overloading the diesel engine
3. motoring the generator
4. overexciting the motor

.X=15. --...Before you move'setup switch swi° in
connecting a generator from the auxiliary
power position to the propulsion position,
what must you do?
1. Idle the engines
2. Move controller step-by-step in

opposing,dirqction beyond STOP
position

3. Turn setup switch, SW11, to OFF
4. Close switch SW2

8-16. The auxiliary power field contactor in
the control circuit of a fleet tug pro-
pulsion system is energized when you
close switch
1. SW1

2. SW2

3. SW7
4. SW8

8-17. Which record is turned in to the Ship's
Engineer Officer each morning for
signature?
1. Electrical Log
2. Engineer's Bell Book
3. Electrical Propulsion Operating Log
4. Each of:4e above

8-18. One of the records that is considered
officially legal for use by a civilian
or military court is the
1. Engineering Log
2.- Station Workbook
3. Material History
4. Main Engine Operating Record

8-19. The. Engineer's Bell Book of a_ship
provides a legal record concerning
time of any change in movement of the
ship's propellers.

8=20. Assume that repairs to a drydocked ship
have been completed and the ship departs
the drydock to head out Opsea. During
the time that'the personnel are at their
special. sea detail stations, entries in
the Engineer's Bell Book should be made
by the
1. engineer officer

.2, engineering officer of the watch
3. throttleman
4. assistant'throttleman

8-21. 'How do you correct an error you made in
recording a signal on a Bell Book sheet?
1. Erase the wrong entry and insert the

correction
2. Draw a line through che'wrong entry

and enter the correction on the next
line

3. Circle the wrong ent:v .and insert the
correction at the bottom of the sheet

4. Blank out the wrong entry and insert
the correction in an adjacent column

.

In answering items 8-22 through 8-24
assume you are at a throttle control

station recording times, signals, and orders on
a separate sheet of the engineer's Bell Book.
At the same time, you receive two signals from
the bridge--ahead 1/3 on the engine order tele-
graph and 35 turns on the engine revolution
telegraph.

8-22. What entry do you make in column 1 of
your Bell Book sheet?

Engine counter reading
Time you received the signals
Number of propeller turns resulting
from the number ordered
Number of propeller turns correspond-
ing to t' engine order telegraph
signal

1.

Learning Objective: Point out uses 2.

and techniques of keeping the operating
records, the Engineer's Bell Book,
and the Engineering Log. Textbook

pages 11-10 through 11-14.

-3.

_4.
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8-23. What are the respective column 2 and
column 3 entries on your sheet?
1. 1 and 35 or 35 and 1
2. 35 and / or 1/3 and 35

3. /3 and 35 or 35 and 1/3
4. 3 and 1/3

8-24. The next signal transmitted by the engine
revolution telegraph is for 40 turns.
The engine order telegraph stays at 1/3.
How should you handle the entries for
column 2 and 3 on your sheet?
1. Leave column 2 blank; enter 40 turns

in column 3
2. Enter 40 in column 2;Aeave column 3

blank
3. Entr 1/3 in column 2 and 40 in

column 3
4. Enter 40 in column 2 and 1/3 in

column .3

8.-25. Total engine miles steamed, as well as
fuel expended during one day, are recorded
in the
1. Engineer's Bell Bookk
2. Engineering Log
3. boiler room Operating record
4. steaming orders

8 -2k. Suppose you make an error whea preparing-
the original entries in the Engineering
Log. What action must you take?
1. Delete the error, get the OOD to

initial it, then make the correct
entry

2. Overline the error, initial it your-
self, and make the correct entry

3. Identify and correct the error in the
remarks you- prepare before going off
duty

4. Identify the error in a written report
to the engineer officer so he can
correct it when he signs the'log

8-27. The commanding officer signs the Engi-
neering Log once each month on -tie
1. fifth calendar day
2. tenth calendar day
3. twentieth calendar day
4. last calendar day

8-28. Usually the Engineering Log must be
retained aboard ship for a minimum period
of
1. 1 year
2. 2 years
3.' 3 years
4. 4 years
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Learning Objective: Rec,Anize
capabilities and operating
principles of a central operating
system (CO'S). Textbook pages 12-1
through r2-24.

8-29. The COS used with an automated engineering
plant is capable of controlling all
1. shaft speeds and direction from a

bridge console and an engineroom
console

2. major functions of the propulsion
plant from abridge console and an
engineroom console

3. auxiliary equipment and selected
primary, equipment in the machinery
spaces from an engineroom console

4, auxiliary equipment and selected
primary equipment in the machinery
spaces from a bridge console

8-30. Which of the following is a major
advantage of a COS?
1. ConsOlidation of control
2. Fewer watchstanders
3. Provides the OOD with more direct

-
ship control

4. Each of the above

8-31. All'the vital circuits or systems con-
nected with the COS that need continuous
monitoring are provided with a display
panel using digital demand meters.

8-32. If any critical temperature or pressure
goes beyond operating limits, the system
rill

1. autcmallcally shutdown
2. sound an alarm to alert the bridge
3. sound an alarm to alert the watch-

stander
4. automatically adjust the critical

unit

ID
In answering items 8-33 through 8-36,
use-the following as alternatives.

'1. Generator section
2. Propulsion section
3. Boiler section
4. Auxiliaries section

8-33. From which section of the engineroom
console can an operator test-each switch ,-- -
board for grounds?

8-34. From which section of the engineroom
console can the bridge be given control
of the ship's speed?



8-35. From which section the engineroom
console can the sh 's speed be read?

8-36. From which section of the engineroom
console can the air conditioning and
refrigeration be controlled?

8-37. Which of the following functions can the
data logger section perform?

' 1. Abnormal printbUts
2. Time interval printouts
3. Demand printouts
4. Each of the above

8-38. Under normal operation, how much of a
caange in shaft speed will cause an
,automatic printout?
1. 5 rpm
2. 8 rpm
.3. 10 rpm
4. 12 rpm

8-39. When a printout is received in red and
an alarm sounds, what is the first action
to take?
1. Troubleshoot the alarm circuit
2. Sound the trouble alarm for the

bridge
3. Push the alarm acknowledge button
4. . Secure the circuit in alarm condition

8-40. Which section of the ship has provisions
for remote control of the throttle?

- 1. After engineroom
2. Bridge
3. Secondary conn
4. All of the above

8-41. Which of the following devices are used
to convert electrical signals to pounds
per square inch?
1. Microammeters .

2. ,Temperature sensors
3. Differential pressure -to- current

transmitter
4. Data logger

8-42. System temperatures can be monitored or
measured by the use of temperature
sensing elements. What is the operating
principle of the sensing elements?
1. They contract or expand as the

temperature changes
2. They change in electrical resistance

as the temperature changes
3. Atmospheric pressure rises or drops

as-tht-temperature-ohanges
4. More or less air comes in contact

with them as the temperature changes

8-43. What is the purpose of the therm6011
which receives the detector?
1. To provide for system operation while

'.'the detector is being replaced
2. To provide a backup protection
3. To ensure ease of plant shutdown
4. To provide ease of detector royal

8-44. In the event of a malfunction in the
throttle control amplifier system, how
may the throttle be operated?
1. Manual conttol only
2. Electrical control only
3. By either manual or electrical control

. 4. Hydraulic control

8-45. Under normal operating conditions, the
Synchronous Timing_ Generator provides .

what frequency?
1. 10 Hz
2. 20 Hz
3. 40 Hz
4. 400 Hz

8-46. Which data logger c--mponent senses and
delegates by priority the mode of
operation the sy4tPm will operate in?
1. Request control
2. Program control
3.' Program contact
4. Scanner

8-47. What is the purpose of the Isolation
Amplifier?.
1. To adjust analog inputs.
2. To isolate the dlta scanner from

ground
3. To protect operating personnel
4. Each of the above

8-48. Which component performs the arithmetic
necessary for linear'reproduction?
1. The Real Time Clock
2. The Log Printout
3. The Word Distributor
4. The Scaling Factor

8-49. The ahead and astern .ion generator
operates on signer , e same polarity.

8-50. What is the purpose o& ..Dusting the
signal within the amplifier of the
function generator?r 14 To zero the input signal
2. To zero the drive syncfiro
3. To adjust the output signal
4. alo-pzovide_for-signal_inverainn

r-

1-)
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8 -51. The silicon control rectifier (SCR)'
power package output drives the pilot
motor to
1. position a pilot valve in the

hydraulic actuator
2. control the electric contacts that

operate the throttle valve
3, operate the limit switches when the

throttle reaches its predetermi-ed
limit

4. disengage the clutch for manual
control

8-52. When would the clutch in the throttle
control normally be engaged?
1. When the bridge has control
2. During automatic operation
3. During manual operation
4. Each of the Above

8-53. In an emergency (loss of normal power),
how long will the batteries in the

no-break.power,supply last with "a normal,
load?
1. 30 minutes
2. 40 minutes
3. 50 minutes
4. 60 minutes

8-54. The 12-volt power supply has an adjust-
ment to maintain a tolerance of ±0.05
volts.

p



-Assignment 9

'ELECTRONIC COMPONENTS AND CIRCUITS

Textbook Asslgnment: Pages 13-1 through 13-37

Learning Objective: Identify the
various components in an electronic
circuit by their color codes. Text-
book pages 13-1 through 13-9.

9-1. Which of thelowing devices has a
measurable effect on an a.c. circuit?
1. Capacitor. -

2. -Inductor
3. Resistor
4. Each of the above

9-2. What power ratings do a.c. wire-wound
resistors have?
1. 1 watt
2. 2 watts
3. More than 2 watts
4. 1/2 watt

9-3. Wire-wound resistors generally have a
largfr tolerance th.. ompositioft

resistors.

9-4; A 5,000-ohm composition re stor with a
tolerance of 5% will measure between
1. values which cannot be determined

with informaticin given
2. 4,500 ohms to 5,500 ohms
3. 4,750 ohms to 5,250 ohms
4, 5,000 ohms to 5,500 otos

9-5. The third color band on a composition
resistor indicates the
1. reliability level per.1000 hr
2. tolerance
3. second significant number
4. multiplier

9-6. The fifth color band on a composition
resistor indicates the
1.- reliability level per 1000 hr
2. tolerance
3. secone,significant number
4. multiplier

9-7. A resistor with a negative temperature
coefficient is generally composed of
1. copper
2. carbon
3. tungsten
4. electrolyte
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9-8. When the ambient temperature increases
in an electrical circuit that has a
thermistor, what happens to the resis-
tance of the thermietor?
1., It will be independent of Load

current
2. It will decrease
3. It will increase
4. It will be directly proportional to

load current 0
9-9. What is the function of a varistor?

1. To provide a means of varying the
input voltage

2. To replace a voltage multiplier
3. Toreplace a potentiometer
4. To protect a circuit from high

voltage surgew

9-10. The unit of capacitance is the
1. farad

2. henry
3. ohm
40-.-1.tat

9-11. In a paper capacitor, waxed paper is
used as the
1. dielectric
2, negative plate
3. positive plate
4. electrolyte

9=12; A ceramic capacitor is so-named because
of its
1. flexibility
2. dielectric property

4. elasticity

9-13. If one section of a multisection capaci-
tor shorts out, the entire capacitor
must be discarded.

5



9-14. What determines the working voltage of
an electrolytic capacitor?
1. Its low leakage resistance
2. The type and thickness of the

dielectric
'3. Both 1 and 2 above
4. The polarity of the terminals

9=15. In a fixed mica capacitor, the color code
on the top row is black, orange and gray
from left to right, and the bottom row
is red, black and orange from right to
left. What is the value of capacitance?
1. 38 pf
2. 138 pf

380 pf
4. 3800 pf

9-16. A black and yellow lead on a transformer
indicates
1. a tapped primary
2. a tapped secondary
3. the ground wire
4. the high voltage side

9 -17 When you suspect a transformer is bad,
what should you do first?
1. Check for grounds
2. Read winding resistance with an

ohmmeter
3. Chetk for opens
4. Read winding output ilith voltmeter

9-18. When troubleshooting a chassis, oU can
safely assume the wire color codi has
been adhered to.

Learning Objectives: Describe the
construction of vacuum tubes and how
they are used in an electronic cir-
cuit. Textbook pages 13-9 through
13-13.

9-19. What happens when the plate of a diode
is negative with respect to the cathode?
1. Current f164 will be from plate to

cathode
2. Tube temperature will increase
3. Tube current will not flow
4. Tube current will increase

9-20. Which of the following substances is/are
commonly used in the,construction of
cathode /
1. Tungsten
2. Thoriated-tungsten
3. Both 1 and 2 above
4. Copper

59

9-21. How many ways may a cathode be heated?'
1. One

a
2. Two
3. Three
4. Four .

9-22. When an electron strikes the plate and
dislodges another electron fr.= the
plate, what is this reaction called?
1. Thermionic emissidn
2. Primary emission
3. Secondary emission
4. Saturation

9-23. What type of vacuum tube is indicated by
a tube symbol with a dot?
1. A gas-filled tube
2. A high-vacuum tube
3. A low-vacuum tube
4. A diode

9-24. A tube that glows
considered to be
1. gas filled
2. shorted
3. burned out
4. a duodiode

can generally be

9-25. A tub, with two plates and one or two,
cathodes is called a
1. diode
2. duodiode
3. triode
4. duotriode

9-26. What type of tube has eight pins on its
base?
1. Duodiode
2. Triode
3. Duotriode
4. A type which cannot be determined

with -the information given

9-27. How are tube sockets numbered?
1. Clockwise from the key when viewed

from bottom
2. Counterclockwise from the key when

viewed from the bottom
3. Various ways depending on the manu-

facturer
4. Either 2 or 3 above

9-28. Plate dissipation is the limiting value
of current which muat NOT be exceeded
in order to prevent damage to the tube.

Learning Objective: Recognize.
principles involved in semiconductor
theory and how it applies to tran-
sistors.' Textbook pages 13-13
through 13-18.
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--9-29. Which of the following substances would
be considered the best conductor of
electricity?
1. One whose orbiting electrons are

loosely.bound
2. One whose orbiting electrons are

tightly bound
3. One whose electridal charge is zero
4. One-whose electrical charge is

positive

9-30. Which of the following substances would
be considered the test insulator of
electricity?
1. One whose orbiting electrons are

loosely bound
2. One whose orbiting electrons are

tightly bqund
3. One whose electrical charge is zero
4. One whose electrical charge is

positive

°'9 -31. When referring to the "hole" in the
atomic theory of electricity, we are

' actually speaking of the
1. degree of impurity
2. chemical used in making the

semiconductor
3. charge of the nucleus
4. vacancy leZt by an electron escaping

9-32. In speaking of atomic theory, holes are
said to

o ,l. be negative ions

-0 2. move from ,negative to positive
3., move from positive to negative
4. remain stationary

9-33. What is the effect of adding arsenic
a germanium crystal?
1. It increases the number of free

electron.;

2. It decreases the number of free
electrons

3. It increases the number of holes
4.. It decreases the number of holes

In figure 13-21 of the text, where
reverse bias copnected?
1. Between emitter and collector
;. Between emitter and base
3. Between base andcoIlector
4. Across the A battery

9-37. In figure 13-22 of the text, what is
result of connecting an alternating
signal to the emitter-base junction/
1. The current through the emitter-base

junction is alternately increased
and decreased

2. The current through the bade-
collector junction is alternately
increased and decreased

3. The signal to the load is alternately
increased or decreased

4. Each of the above is true

is

thee.,

9-38. Which of the following conditions is NOT'
an advantige of a transistor?
1. It consumes relatively small power
2. It can withstand rough handling
3. It is not affected by heat
4. It has a long life

S-39. In figure 13-24 of the text, what is the
identification of the case connection in
the lower right-hand symbol?
1. Emitter
2. Base
3. Collector
4: Ground

Learning Objective: Recognize
methods of identifying transistors

to and how they are connected. Text-
book page 13-18.

9-34. In a' P-N junction diode, the P-type
material has an excess of holes and the
N-type material has an excess of
electrons.

9-35. In a P-N junction diode, the voltage is
said to be in the "reverse" direction
when
1. current flows freely from positive

to negative
2. current flows freely from negative

to positive
3. the negative lead is on the N

material
4. the positive lead is on the N

material

1/4
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9-40. When replacing transistors, the
repairman should always rely on the
shape of the replacement to determine
connections.'

9-41. Which of the following connections is
the basic wey of connecting a transistor?
1. Common or grcunded base
2. Common or grounded emitter
3. Common or grounded collector
4. All of the above
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Learning Objective: Identify con-.
struCtion.and uses of a basic
triode tube. Textbook pages.
13-49 and 13-20.

9-42. What makes the triode useful as an
amplifier?
1. 'The control grid'
2. The screen grid
3. The suppressot grid
4. rae load resistor

9-43. What is the effect of placing a positive
charge on the control grid of a triode?
1. It sh4s off plate current
2. It decreases the signal to the tub%
3. It increases plate current
4. It increases cathode bias

9-44. What effect, if any, would varying the
plate voltage have on the operation of
a triode?
1. Cause variation in control grid

voltage
2. Cause variation in plate current
3. Shut off plate current
4. no effect

9-45. .What effect would varying the control-
grid voltage have on the operation of a
triode?
1. It would shut-off plate current
2. It would shut off heater current
3. It would cause large variations in

plate current
4. It would cause large variation in

grid current

9-46. Which, if any, of the following elements
is the most important in an oscillator?
1. Resistance of the input circuit
2. Tnductance of the input circuit
3. Capacitance of the input circuit
4. None of the above

Learning Objectives:. Identify
characteristics of multielement
tubes. Textbook pages 13-21
through 3-22.

9-47. Which of the following is NOT considered
a multielement tube?
1. Tetrode
2. Pentode
3. Triode

. 4. All of the above

9 -48. Nith regard to the screen grid in a
tetrode tube, which of the follOwing
characteristics is true?
1. It increases capacitance of the tube
2. It decreases capacitance of the tube
3. It causes tube oscillations
4. It suppresses plate current

. 9-49. With regardto the suppressor grid in a
pentrode tube, which of the followipg
characteristics is true?
1. It prtvents tube oscillations
2. It is negative with repect to the

cathode
3. It is-positive with respect co the

cathode
4. It is the same potential as cathode

Learning Objectivist Identify types
of bias and amplifier coupling. Text-
book pages 13-22 through 13-28.

9-50. When a battery or other constant power
source is used to obtain bias,,this is
1. fixed bias .4111

2. self bias
3. cathode bias
4. grid-leak bias

9-51. What is the function of a grid-leak
capacitor?

', 1. To provide a resonant circuit
2. To lak.off excess grid current
3. To pply input signal to the grid
4. Each of the above

9-52. A cascaded amplifier is one whefe
1. amplifier stages are connected in

parallel
2. amplifier, stages are connected in

series
3. amplifiers are self-biased
4. amplifiers are fixed-bias

9-53. An RC-coupled amplifier would be used
where
1. voltage amplification is desired

with little or no power output
2. voltage amplification is desired

with a large p er output
3. power amplifidition is desired with

little or no voltage amplification
4. there is no need to cascade stages



9-54. The low gain of an RC-coupled amplifier
makes it'undesirable for use iri RF
amplifiers.

9-55. What is/are the advantage(s) of using an
impedance-coupled Amplifier over an
RC-coupled amplifier?
1. Lower supply source required
2. Smaller loss in power
3. Better efficiency,
4. Each of the'above

9-56. Where will imieda'nce-coupled amplifiers
generally he. found?

1. Last Stage power output
2. First stage power input
3. Intermediate frequency stage
4. Power supply unit

94-57. Regarding a transformer-coupled
amplifier, which of the following
parameters is true?
1. Improved frequency
2. Higher gain
3. Higher output
4. Bias voltages are separated betw,en

stages

9-59. When the plate of the driver stage is
connected to the grid of the driven
stage, this is generally known as a/an
1. single-source biasing
2. inductance-coupled amplifier.
3. RC-coupled etplifier
4., directly coipled amplifier

9-59. Which of the following is NOT an
advantage of a directly coupled
amplifier?
1. There is no phase distortion
2. It requires no voltage supply'

regulation
3. There is no loss of frequency

response
4. Time delay between stages is

negligible

9 -60. Which of the following is a contributing
factor in the amount of current flow in
a transistor?
1. Size of load resistor
2. Ohmic value of load

,3. Type of transistor
4. Vigilance of the operator/

I.

9-61. Singlb-sour e biasing ha.: little, if
any, effe on direction of base lead
current.

.41.11

gradvantage9-62. Single-source biasing has
of
1. eliminating the need for a separate

power supply
2.. providing a built-in heat-sink
3. a highet output/input ratio
4. a higher frequency response

9-63. Ira PNP transistor connected as a .

common emitter with NO signal applied,
what would happen if the base resistor
were to open t. .

1. Decrease in the amount of forward
bias with no signal applied

2. Increase in the difference in poten-
tial between the base and emitter

3. Decrease in base-emitter current flow
4. All signals would be lost

.Learning Objective: Point out
principles used in testing vacuum
tubes and transistors. Textbook
pages 13-29 through 13 -37.

9-64. Prior to testing a tube in a tube tester,
you should
1. Allow for sufficient warmup of tester
2. be assured tube under test is

defective
3' insert the tube in the correct test

socket
4. ensure controls are set to proper

positions

9-65. To protect the TV-7/U tube teste from
damage due to overloads, it is provided
with a
1. fuse in series with the transformer

primary
2. circuit breaker in series.wiLh the

transformer primacy
3. lamp in series with the transformer

primary
4. fuse in series with the transformer

secondary

9-66. When .a vacuum tube is being tested with
the TV-7/U tube tester and both plates
of the neon lamp glow, which, if any, of
the following conditions is indicated?
1. Normal
2. A short-circuited tube
3. A gassy tube
4. None of the above



9-67. You are performing a gas test on a
Vacuum tube. You shift switch S from
position 1 to position 2 and NO change
occurs in the meter reading. What, if
anything, is indicated?
1. A gassy tube
2. A aormal condition
3, i A shorted tube
4. Nothing

9-68. ff a tube with an indirectly heated
cathode under test develops noise,
What can be safely, assumed ?.
1. The grid has a positive bias
2, The tube'is gassy
3. A short exists between cathode and

heater .

4. An open exists between cathode and
supprclsor grid

9-69. In a rectifier test on a vacuum tube,
you can test each rectifier of a
duodiode separately.

9-72. When testing transistors with a multi-
meter, you should exercise care to
ensure that internal voltage does NOT
exceed what value?
1. 12 volts
2. 6 volts
3. 5 volts
4. 4 volts

9-73. When testing a circuit containing tran-
sistors, which'of the following pre-
cautions must you observe?
1. Use a multimeter with same impedance

1 as circuit under test
2. Always chart circuit transistors
3. Ensure test equipment is 'properly

grounded on ship's hull
4. Use an ohmmeter which passes age

milliamp or less through the test
circuit

9-70. To perform an Ico test on a transistor
using a TS-1100/U, which, if any, of
the following. steps must be\ctsken?
1. Test with multimeter first
2. Remove the,transistor froS the cir-

cuit
3. Leave the transistor in the circuit
4. None of the above

9-71. When a transistor is tested with a
multimeter, which of the fallowing pre-
cautions must be observed?
1. Ensure meter input resistance is at

least 5 megohws
2. Remove the transistor from the cir-

cuit
3. Leave the transistor in the circuit
4. Ensure meter sensitivity is at least

10,000 ohms per volt
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9-74. When performing a leakage test, you
should replace the transistor if ,the
leakage current exceeds
1. 5 times allowable.current
2. 2 timess/into:Ale current
3. 3 times allowable current
4. 4 times allowable current

9-75. How does the transistor test.set
TS-1100/U eliminate interference from
direct current in transistor circuits?
1. By utilizing an .Oscillator. .
2. By shorting all transistors
3. By shorting all capacitors
4. By utilizing a.c.

a,



Assignment 10

LOGIC SYSTEMS AND ELECTRICAL AUXILIARIES

Textbook Assignment: Pages 14-1 through 15-22.

Learning Objective: Identify logic

symbols by function and determine
input and output signals for basic
logic elements. Textbook pages 14-1
through 14-9.

10-1. The study of number systems is essential
for the study of all logic systems.

10-2. Figure 10A mhows a piping system. This
system could be represented by tite AND

symbol.

10-3.

STEAM GLOBE

STOP VALVE

F.O. INPUT --Jo--

GOVERNOR

10,9. The main difference between the. NAND and
AND circuits is inver:Aon of the input
signals.

10-10. The inhibit circuit acts as an inverter
in the input circuit of any logic device
in which it is installed.

10-11. In flip flops, what is the purpose of the

trigger?
1. Reverse ,the output signals

2. Reverse the input signald

3. Generate a 0 state
4. Generate a 1 state

Figure 10A.

F.O.S.
EXHAUST STEAM

PUMP

How an truth tablas read? 10-12. What

1. Right to left and top to bottom 1.

2. Left to right and top to bottom 2.

3. Left to right and bottom to top 3.

4. Right to left and bottom to top 4.

10-4. How many possible states does a logic
circuit have?
1. One
2. Two
3. Three
4. Four

10-5. We 'speak of logic circuits as sensing
the presence or absence of
1. milliamps
2, power
3. current
4. voltage

10-6 Whim reading a truth table, we do not care
about the 0- stale.

10-7. In figure 14-211 of the text, the input
AnImets are wired similar to start
twitches.

10.14. In figure 14-313 of thu text, the input

contacts are wired ximilar to stop
NwItchus.

F.O. OUTPUT

type of truth table is Table 10A?

OR
AND
NOR
NAND

Table 10A

In items 10-13 through 10-15 match the identities
in column A with the symbols In column B.

Column A

10-13. Signal Converter

10-14. NAND

10-15. AND

t'
1"1

64 d

Column B

1.4 :)

3.

4. -9--



10-16. The length, or duration, of the output
of the single-shot mulcivibrator is
determined by
1. the length of the input signal
2. the amplitude of the input signal
3. the input signal shape
4. the circuit characteristics of the

multivibrator

10-17. What determines the length, or duration
of the output signal of the Schmitt
trigger?
1. The length of the input signal
2. The amplitude of the input signal
3. The circuit characteristics of the

Schmitt trigger
4. Both 1 and 2

10-18. The first set signal to the Memory
circuit will cause the output signal to
go to the 1 state.

10-19. The 1 state output -ignal of a memory
continues after the input signal that
caused it is turned off.

10-20. What causes all of the output signals
of a five-bit stepper to return to the
0 state?
1. A pulse on ST
2. A pulse on R
3. A pulse on S
4. A pulse on 5

Learning Objective: Trace a signal
through a logic print. Textbook pages:

14-10 and 14-11.

Questions 10-21 through 10-28
refer to figure 14-18 of the text.

10-23. What is the characteristic of the logic
that is used with the elevator described
in chapter 14?
1. The 1 state is positive 10 volts.
2. The 1 state is negative 10 volts.
3. The 0 state is positive 10 volts.
4. The 0"state is negative 10 volts.

10-21. What are the sources of signals to OR
gate A8B in figure 14-18 of the text?
1. A2B and similar switches which

require a down movement
2. A7B and similar switches which require

4 down movement
3. A2B and low speed signal
4. A8D and low speed signal

10-22. The elevator may be sent to tho second
deck from any station regardless of
the elevator's location.
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What voltage is available at the elevator
push button?
1. +48 volts
2. -48 volts
3. -10 volts
4. +10 volts

10-25. Whig direction do w take in tracing a
signal from the AND,19anto the set
contact of the second deck memory, A10B?
1." Up and to the right
2. Down and to the right
3. Up and to the left
4. Down and to the left-

10 -26. What completes the circuit to cause AND,
A19C to operate and set the Down Memory,
B5A?
1. The OR gate, A8B
2. The Pulser, A16A
3. The stepper, A18
4. The OR gate, A15C

10-27. What circuit(s) is/are energized by
OR, Al2B in figure 14-18 of the text?
1. The circuit for disengaging the

locking bars
2. The circuit for the warning bell
3. Both 1 and 2
4. OR, Al2A

10-28. Where on figure 14-18 of the text do
you find the sources of the signals to
AND Al2D?
1. Second deck memory, AlOB and OR,

Al2A
2. Second deck memory, AlOB and Sheet

2 of 2, figdre 14-18
3. OR, Al2A and Pulser, A16B
4. Pulser A16B and Second deck memory

AlOB

Learning Objective: Locate faulty
modules on the logic print and in
the control cabinet by state lights
and position. Textbook pages: 14-11
and 14-12.



10-29. How many NOT inverters are on an inverter
module board?
1. 5

2. 2

3. 3

4. 4

10-30. The NOT inverter board is interchangeable
with a memory board.

10-31. If the state light is lit on the third
OR circuit of a module board, it is
located
1. third from the left
2. third from the right
3. third from the top
4. third from the bottom

10-32. What is the location of memory circuit
85A?

1. First row from top, fifth board to
left, and first memory

2. Second row from top, fifth board to
right, and first memory

3. First row from bottom, fifth board
to right, and first memory

4. Second row from bottom, fifth board
to left, and first memory

10-33. In figure 14-18 of the text, if the B9D
state light is lit and the A13D state
light is dark, what is the source of the
signal B9D?
1. B6A
2. A13D
3. B4C
4. 2-18 signal from manual electric

(JOG)

Learning Objective: Point out prin-
ciples of operation and safe work
practices for small boat engine start-
ing systems, ignition systems, or
battery charging systems. Textbook
pages: 15-1 through 15-3.

10-14. The power source for the 24-volt engine
starting circuits of small boats consists
of

1. two 12-volt batteries connected in
parallel

2. two 12-volt batteries connected in
series

3. four 6-volt batteries connected in
parallel

4. four 6-volt batteries connected in
series
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10-35. The specific gravity of battery electro-
lyte is the ratio of
1. water temperature to acid temperature
2. weight of a specific volume of water

to weight of the same volume of acid
3. weight of a specific volume of Vid

to the same volume of water
4. weight of acid to temperature of

water %

10-36. Refer to textbook figure 15-1. How will

the float of the center hydrometer react
if the specific gravity is 1250?
1. Rise 4 marks to 1250
2. Sink 2 marks to 1250
3. Remain in its present position
4. Sink 4 marks to 1250

10-37. What is the corrected specific gravity
of a battery whose temperature is 90° F
and the hydrometer reading is 1160?
1. 1161

,2. 1162

3. 1163
4. 1164

10-38. When mixing electrolyte, you pour the
acid into the water.

10-39. What is the first step in treating your-
self if battery acid gets on your hapds?
1. Wash them thoroughly with fresh water.
2. Spread a thin coating of petrolatum

over them.
3. Dust them with boric acid powder.
4. Sprinkle baking soda over them.

Learning Objective: Ritognizs factors
of battery testing and charging, and
solve problems relevant thereto.
Textbook pages: 15-4 through 15-6.

10-40. To determine the number of ampere-hours
expended during a test discharge using
the specific gravity method, what
information pertinent to specific
gravity must be known?
1. The specific gravity when thn

battery is fully charged
2. The specific gravity after the

battery has been discharged
3. The red ion in specific gravity

per amps -hour
4. All of e above



10-41. During normal charging, the value of
the charging current is changed from
the starting to the finishing rate when
the battery begins to
1. show signs of sulfation

'2. gas freely
3. fall in temperature

-4. oxidize

10-42. An equalizing charge on a battery is
continued until the
1. terminal voltage shows no change

for a 4-hour period
2. charging current shows no change

for a 4-hour period
3. specific gravity on all cells shows

no change for a 4-hour period
4. temperature of all cells exceeds

125°F

10-43. What is the maximum temperature for
the electrolyte of a lead-acid cell?
1. 100°C
2. 125°C
3. 125°F
4. 212°F

10-44. An Axcessive battery charging rate may
caul.
1. sulfation
2. inverse electrolysis
3. polarization
4. excessive gassing

Learning Objective: Recognize the
principles of operation and safe work.
Practices for small boat engine
starting systems, ignition systems,
or battery charging systems. Text-
book pages 15-6 through 15-17.

10-45. Overheating of the startinis mutuL wf a
small boat engine can usually be pre-
vented by
1. continuous operation of the st'at-

ing motor after the drive pinion
engages the flyWheel

2. operating the starting motor only
for 30-second periods at 2-minute
intervals

3. intermittent operation of the start-
ing motor for about 2 minutes, and,
if the engine.faila to start, allow-
ing motor to cool before trying
again

operating the starting motor a max-
imum of 2 minutes at about 30-
second intervals

4.
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10-46. What is the function of the drive mech-
anism in a starting motor for a boat
engine?
1. To provide a suitable ratio between

the speeds of the motor and the
engine while the engine is being
cranked

2. During cranking, to engage the
drive pinion with a ring gear on
the engine flywheel

3. After the engine starts, to disen-
gage the drive pinion from the ring
gear on the engine flywheel

4. Each of the above

10-47. What is the function of the overrunning
clutch mechanism in the starting motor
for a boat engine?
1. To control speed of the engine after

it starts _
2. To disengage the engine flywheel

from its ring gear
3. To protect the motor armature

against overspeeding after the
engine starts

4. To transmit torque from the fly-
wheel of the engine after it
starts

10-48. What is the function of the holding coil
in the solenoid switch for a starting
motor equipped with overrunning drive?
1. To force the contact disk against

the battery and starting motor
terminals

2. To hold open the circuit to the
starting motor

3.. To help the pull-in coil complete
the circuit between the battery
and starting motor and to keep the
circuit closed

4. To open the circuit between the
battery and the starting motor and
to keep the circuit open

10-49. One function of the capacitor in a
battery-ignition system is to
1. stop the flow of magnetic lines

of flux when the points open
2. act as a safety gap for the second-

ary coil
3. cause a rapid collapse of the

induced voltage in the primary
4. regulate the flow of current through

the primary circuit

10-50. Which parts of a battery ignition
system usually carry between 4,000 and
18,000 volts?
1. Primary winding of ignition coil and

capacitor ignition switch
2. Secondary winding of ignition coil

and spark plugs
3. Capacitor and breaker point.
4. All of the above



10-51. In an ignition system, high voltage is
delivered to the spark plugs in the
correct firing order by the
1. battery
2. ignition coil
3. timer cell
4. ignition distributor

10-52. What does the secondary circuit through
the ignition distributor consist of?
1. Distributor contacts and rotor
2. Distributor rotor, distributor cap,

and spark plugs
3. Capacitor and high tension terminals
4. Capacitor, distributor cap, and

spark plugs

10-53. Compared to hot spark plugs, cold spark
plugs have
1. wider gaps
2, -- narrower gaps

3. shorter heat paths
4. longer heat paths

10-54. What part in the contact-controlled
transistor ignition syst:m is inter-
changeable with a like part In the
conventional ignition ,;ystem?
1. Ignition coil
2. Amplifier
3. Distributor
4. Current-limiting resistor

10-55. When the distributor points are open,
'what condition exists in a contact-
controlled transistor ignition system?
1. The emitter base is negative, the

emitter is positive, and electron
'flow is increasing

2. The emitter base is positive, no
electron flow, high voltage is fed
to the proper Aperk plug

3. The emitter is negative, current is
flowing'through the amplifier to
the ground

4. Transistor Is forward biased, current
flow; through the amplifier and igni-
tion switch to the ground

10-56. The contact points in a transistorized
ignition system lent longer than those
in n conventional Ignition system.

10-57. When low ambient temperature makes start-
ing difficult, what le the main advantage
of a flame primer for starting a diesel
engine?
1. It burn', the male kind of fuel oil

am the engine d
2. It doe', not depend uu a coil to

furnish the spark of ignition
1. It doom not add to the load on the

starting battery
4. It rOmes the ambient temperature

of the engine

10-58. The voltage regulator reduces the out-
put of a small boat generator by :Insert-
ing a resistance in
1. parallel with the generator field
2. series with the generator field
3. series with the armature
4. parallel with the armature

When answering items 10-59 through
10-64 refer to figure 108 on page
68.

10-59. The regulator shown in figure 10B is
designed for use with a grounded
shunt generator.

10 -60. Assume the generator is in operation,
supplying' power to the external load.
Which component does the full generator
output pass through?

The shunt- coil_of the cutout_rally
2. Resistor R1
3. The series coil of the cutout relay
4. Resistor R2

10-61. When the generator is NOT in operation,
what prevents the cutout relay con-
tacts from closing?
1. Series coil
2. Shun ,coil
3. Coil spring
4. Magnetic field

10-62. The opening and closing of the circuit
between the generator and battery in
the heavy duty voltage regulator is
controlled by
1. spring tension
2. generated voltage
3. spring tension and generated

voltage
4. a constantly varying magnetic

field

10-63. Generator output increases when
1. the armature is held against the

core
2. the contacts are open
3. resistors R3 and R4 are removed

from the circuit
4. resistors R4 and R5 are inserted

in the circuit'

10-64. When the magnetic field overcomes the
currant regulator spring tension,
what happens?
1. Voltage regulator contacts open
2. Current regulator contacts open
3. Resistors R3, R4, and R5 are

shorted out of the circuit
4. Current regulator contacts close

f.
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Figure 10B

Learning Objective: Point out the
components and operating principles
of an electrohydraulic steering
system. Textbook pages 15-19
through 15-22.

Items 10-65 through 10-70 pertain to
the electrohydraulic steering gear of

figure 10C, on page 70.

10-65. Which of the following groups of parts
belong to the power unit of the steer-
ing system?
1. B, C, D, and F
2. B, C, D, and E
3. A, C, D, and C
4. A, B, C, and H

10-66. The position of the rudders is indi-
cated at the helm and rudder angle
device mounted on pert*
1. D

2. C

3. B

4. A

10-6;. What unit operates the helm angle-
indicator synchro receiver in the pilot
house?
1. F

2, E

3. C

4. A
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10-68. When the steering gear is secured, the
ram and rudders are locked hydrau-
lically by
1. positioning the shift lever of A

in neutral
2. setting H in its stop position
3. engaging G
4. disengaging G

10-69. Even though thn overload relays have
been tripped, part B can be run in an
emergency by holding the
1. EM-RUN pushbutton closed
2. EM-RUN pushbutton open wd.th the

start button in operated (closed)
position

3. EM-RUN pushbutton closed and,the
start button in operated (closed)
position

4. emergency run pushbutton and the
overload reset pushbutton closed

10-70. To place the steering gear in operation
an the port power unit using the poi,
steering cables,.which of the following
steps should you take first?
1. Move the shift lever for A to

position P
2. Place switch on unit F in PORT

position
3. start B
4. Engage C

t-Dr.J 4:
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Assignment 11

ELECTRICAL AUXILIARIES (continued) AND SOUND MOTION PICTURE SYSTEMS

Textbook Assignment: Pages 15-23 through 16-18

Learning Objective: Identify operating
,principles of shipboard windlasses and
functions of their electrical Compon-
ents. Textbook pages 15-23 through
15-26.

11-1. If electrical power fails, what com-
ponent holds the load on an anchor
windlass powered by a 230-volt d-c
motor?

11 5. Assume that current in the motor of a
windlass is interrupted by one of the
overload relays while the windlass is
in operation. What must the operator
do before restarting thewindlass motor?
1. Depress the EM-RUN pushbuttons and

turn the master switch to OFF
2. Turn the master switch to OFF and

depress the OVERLOAD RESET push-
buttons

3. Depress the EM-RUN pushbuttons
4. Turn the master switch to OFF

1. Combination of hand and hydraulic
brakes Learning Objective: Point out con-

2. Hydraulic brake trol features of electric and electro-
3. Hand brake hydiaulic elevators installed aboard
4. Magnetic brake ship. Textbook pages: 15-27 through

11-2. The control for the 230-volt d-c wind-
lass motor permits how many different
speeds in each direction?
1. Five,

2., Two
3. Three
4. Four

11-3. What kind of braking is used in lowering
the anchor by electric windlass?
1. Static
2. Dynamic
3. Friction
4. Hydraulic

Items 11-4 and 11-5 pertain to destroyer
41

anchor windlasses.

11-4. Whit is the motor controller for the
windlass designed to do?
1. To operate the motor by means of the

master switch located on the weather-
deck or in the windlass room

2. To connect the motor for hoisting an
anchor at slow or fast speed

3. To protect the motor aga.net over-
loading

4. All of the above
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15-31.

11-6. Which of the following arrangements
is/are designed for the high speed con-
nection of 2-speed motors that drive
electric elevators?
1. Decelerate the elevators as they

approach their upper limits of
travel

2. Decelerate the elevators as they
approach their lower limits of
travel

3. Both 1 and 2
4. Start and run the elevators

11-7. Under what conditon does the double-
break feature of an elevator controller
prevent an electric elevator from being
operated?
1. Faulty contactor, relay, or switch
2. Slack in an eleveLor cable
3. Open elevator door
4. Overloaded elevator
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11-8. In case the platform overtravels in des-

cent, which of the following devices
will automatically prevent damage to an
electric elevator?
1. Spring bumpers
2. Electric brake
3. Safety clamp
4. All of the above

11-9. As the platform of a moving eiectro-
hydraulic elevator approaches the
selected level, the elevator is slowed
down by
1. deenergizing a solenoid to set

the brake
2. trippino of a switch to deenergize

the pi),,c motor

3. putting on stroke the variable
delivery hydraulic pump to deceler-
ate

4. reversing the direction of rotation
of the pilot motor to return to
neutral the stroke of the hydraulic
pump

Learning Objective: Recognize fuc-
time of components of olectron!n-
controlled elevator systems. Textbook

page 15-32.

11-10. The sensing heads mounted on the
elevator trunk bulkhead are used to
perform which of the following functions?
1. Slow and stop the elevator
2. Prevent the elevator from over-

traveling
3. Keep the elevator from overspeeding
4. All of the above

11-11. Elevator functions usually performed
in electric-controlled elevator systems
by limit switches, relays, and con-
tractors are performed in electronic-
controlled elevator systems by the
1. sensing heads
2. static logic panel
3. elevator cam targets
4. motor controller

11-12. Proximity limit switches are used in
electronic-controlled elevator systems
to control the
1. speed of the drive motor
2. elevator movement
3. direction of drive motor rotation
4. balance of phase voltage applied

to the drive motor
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Learning Objective: Identify character-
istics of the power sources of an under-
way replenishment system. Textbook
pages 15-37 through 15-43.

For items 11-13 through 11-16, select from
column .B characte-istics of the a-c motor in
column A.

A. Motors

11-13. Highline and
ram tensioner
motor

11-14. Arms rotating
coutrol motor

11-15. Elevator drive
control motor

11-16. Hydraulic pump
motor in meet-
ing carriage
.ontrol system

B. Characteristics

1. 5 hp; bidirec-
tional; 1800 rpm.

2. 1 1/2 hp; bidirec-
tional; 1800 rpm

3. 200 hp; 180 amp
at full load

4. 1 1/2 hp; uni-
directional; 3600
rpm

Learning Objective: Recognize oper-
ating principles of an electric fork
lift truck. Textbook pages 15-43
through 15-47.

11-17. The speed of an electric forklift truck
is regulated through control of the
1. peak power delivered.to the drive

motor
2. effective power delivered to the

hydraulic pump
3. average power delivered to the

drive motor
4. peak power delivered to the

hydraulic motor
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When answering items 11-18 through
11-22 refer to figure 11A.

11-18. Which relay coil is part of both the
power and control circuits of the
hydraulic lift pump motor?
1. F
2. P

3. R
4. S

11-19. The static timer provides a fixed time
delay between which speeds of a fork-
lift truck?
1. First and second
2. Second and third
3. Third and fourth
4. All of the above

11-20. Through the ARB connection of the
static timer, which switch provides the
power that enables a forklift truck to
start moving upgrade?
1,--Battery-switch_
2. Direction switch
3. Brake pedal switch
4. Accelerator pedal switch

11-21. When forklift truck speed is being
changed from first to second, the
positive voltage required to operate
TDR1 comes from
1. MS-3
2. PLUG
3. SS1
4. MS-1

11-22. Which step(s) must occur to enable a
forklift truck to operate in third
speed?
1. MS-4 closes
2. 2A interlock closes
3. SS2 operates and 2A coil picks up
4. Both 4A interlocks close

Learning Objective: Recognize funda-
mentals of maintaining and servicing
electric galley equipment. Textbook
page 15-51.

11-23. Circuits to the heating unite of deep
fat fryers are controlled by thermo-
statically operated,contactore.

1-24. What will happen if the temperature of
the fat in a deep fat fryer reaches
460°F, the uppei temperature limit?
1 The thermostat automatically turns

the fryer off
2. A fuse in the control circuit blows
3. The heating coil burns out
4. The warning lamp lights up

Learning Objective: Point out princi-
ples of operation of the washer-
extractor equipped with a card-o-matic
programmer. Textbook pages: 15-51

through 15-56.

11-25. The programmed formula card starts to
move through the card-o-matic pro-
grammer when the
1. start button is pressed,
2. water valves open
3.--water-valv6S-Close
4. run indicator lamp comes on

11-26. The ratio of the wash speed to the
extraction speed is approximately
1. 1:10

2. 1:18
3. 1:25

4. 1:28

11-27. Which function of the washer-extractor
is associated with track numbers 1, 2,
and 3?
1. Operation of the water valves
2. Regulation of the water levels
3. Control of the steam valves
4. Regulation of the tub water temp-

eratures

11-28. Track numbers 6, 7, and 0 are related
to the control of
1. water levels
2. tub water temperatures
3. steam temperatures
4. all washer-extractor operations

Learning Objective: Recognize theory
and principles of motion picture pro-
jection. Textb9ok pages: 16-1
through 16-3.
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11 select the function from figure 11B
that is performed by the projector component
lilted in each item.

A. APPLY CONSTANT PRESSURE ON FILM PASSING THE APERTURE

B. ADVANCE FILM TO THE APERTURE

C. ADVANCE Frix THROUGH THE PROJECTOR AT CONSTANT SPEED

D. PREVENT FILM FROM MOVING SIDEWAYS

E. FURNISHES .IGHT FOR THE SOUND OPTICAL SYSTEM

CENTERS THE FRAME TO BE PROJECTED

G. FURNISHES LIGHT FOR SCREEN IMAGE

OVER THE APERTURE

Figure 11B

In answering items 11-29 through 11-33,

11-29. Exciter lamp

1. C

2. E

3 F
4. G

11-30. Aperture plate

1. A
2. 13

3. D
4. F

11-31. Framing

1. A
2. B

3. D
4. F

11-32. Shuttle

11-33.

1. A
2. B
3. C

4. D

11-34. What component enables only one frame
at a time to be illuminated?
1. Aperture
2. Aperture plate
3. Pressure plate
4. Exciter lamp

11-35. The purpose of the condensing lenses
in an optical system'is to
1. focus the film image on the screen
2. recover light from the back of the

projection lamp filamenS and con-
centrate it onto the screen

3. concentrate light from the front
of the projection lamp filament -

onto the aperture
4. project the image of.the projection

lamp filament onto the screen

11-36. Persistence of visions the
1. special property of a telescope

that enables it to form an image
2. peculiar ability of the eye to

retain an image after it is removed
from view

3. formation of images by a convex
lens

4. ability of a convex lens to invert
an image

11-37. How many times does the motor driven
shutter in a 16-mm projector interrupt
the projection lamp beam?

Sprockets 1. 16 times per second
2. 2 times per second

1. 13 3. 24 times per second
2. C 4. 48 times per second
3. D
4. IP



11-38. The two methuds of recording sound on
film differ with respect to whether the
sound
1. track is located on the pert rated

IP

or nonperforated edge of th film
2. track varies in area or in ensity
3. waves are amplified ore or 11-45.

after they are recorde
4. waves' are amplified bef_me-or-----------

after they-are-fikoduced

The protective leader should be replaced
when its length is reduced to less
than

X11 -39.

Learning Objective: Recognize and
understand usage of various motion
pictures. Textbook page: 16-7.

What method(s) canbe used to xbport
condition-of films before and after
exhibition?
1. Motion picture inspection record
2. Inspection and exhibition book
3. Both 1 and 2 above
4. Motion picture exhibition transfer

and inventory record
1.

2.

3.

4.

5

2

3

4

feet
feet

feet
feet

11-46. When motion pictures are exchanged
between ships underway, one copy of the
Notification of Motion Picture Transfer

11-40. How many frames make up the identifi-
cation leader?
1, .15

2. 24

3. 39

4. 212

11-41. Where is the start mark located on the
film leader?
1. IA the middle of the projection

leader
2. At the end of part A of the identi-

fication leader
3. On the 21st frame of the synchroniz-

ing leader
4. On the 212th frame of the synchro-

nizing leader

11-42. Cue marks serve what. purpose?
1. To help the projectionist time the

change to another reel in a multi-
projection continuous program

2. To inform the viewing audience
when the projectionist is ready to
change to another reel

3. To indicate the best place to make
a splice if the film breaks

4. Each of the above

11-43. Cement splicing is the simplest way to
splice motion picture film.

11-44. Which of the following methods of
splicing can be used on all three types
of splices?
1. Tape
2. Cement
3. Ultrasonic
4. Both 2 and 3 above are correct

(NAVPERS form 1710/1) must be sent to
the Navy Motion Picture Service,
Brooklyn, N.Y.

Learning Objective: Recognize the
principles of operation and minor
repair ormotion picture projectors.
Textbook pages 16-11 through 16-17.

11-47. Projectors are divided into three
subsystems, which are the
1. gear system, light system and

sound system
2. projection system, lens system and

sound system
- 3. transport system, lens system and

sound system
4. transport system, light system and

sound system

11 -48. The purpose of the upper loop is to
make it possible for
1. intermittent movement of film past

the aperture
2. proper tension of film
3. proper sound of .film
4. jerky movement of film to be

absorbed

11-49. Which of the following items allows
for proper spacing of 24. frames between
the aperture and the sound drum?
1. Upper loop
2. Lower loop
3. Pressure plate
4. Aperture plate

P7(iil
4..
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11-50. The principal function of the lower
drive sprocket is to
1. allow proper spacing of film
2. synchronize the audio with the pro-

jected image
3. smooth the flow of film around the

sound drum
4. restore lower loop

11-51. When adiarge portion of film is damaged
it should be removed from the projector
and repaired.

11-52. When manually threading the projector
and the loop is NOT the proper size,
what, if anything, d6 you Have to do?
1. Manually rethreadthe projector
2. Turn motor/lamp switch to the

forward position and press system
restorer

3. Manually reset loop
4. Do nothing

11-53. What is the focal length of a standard
projection lens?
1. 1 inch
2. 2 inches
3. 3 inches
4. 4 inches

UU., UCJ,RNMENT PRINTING OFFICE: 1981.740-086/129

In itemi'11-54 and 11-55,. se ect from'column
B the projector comp*ent th t performs the
functiol in column A.

77;

A. Function B. Components

11-54. Forms and focuses 1. Photocell

the scanning beam
2. Light pipe

11-55. Converts variations
in light to vari- 3. Optical lens
ations in electri-
cal current 4. Exciter lamp

11-56 Which of the follOwing items is/are the
responsibility of a movie projector
operator?
1. Inspect projector cord for properly

grounded plug
2. Clean lens
3. Make sure air intake and exhaust

passages are not blocked
4. All of the above

11-57. When the exciter lamp has a damaged
filament, which of the following
problems will appear?
1. No image on screen
2. Reduced volume
3. Garbled sound
4. LOw picture brilliance
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A FINAL QUESTION: What did you think of this course? Of the text material used with the course?

Comments and recommendations received from enrollees have been a major source of course improvement.

You and your command are urged to submit your constructive criticisms and your recommendations.

This tear -out form letter is provided for your convenience. Typewrite if possible, but legible
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(RANK, RATE, CIVILIAN)
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To: Naval Education and Training Program Development Center (PO4)

Pensacola, Florida 32509

Subj: Electrician's Mate 3 & 2, NAVEDTRA 10546-E

1. The following comments are hereby submitted:

602

Date



(Fold alonf dotted line and staple or tape)

(Fold along dotted line and staple or tape)

DEPARTMENT OF THE NAVY
NAVAL EDUCATION AND TRAINING PROGRAM

DEVELOPMENT CENTER (PD 4)
PENSACOLA, FLORIDA 32509

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE. S300

PO SSSSS AND PUS PAID

NAVY OSPANTMNT

DoD316 US MAIL ,

1/110

NAVAL EDUCATION AND TRAINING PROGRAM DEVELOPMENT CENTER

BUILDING 2433 (PD 4)

PENSACOLA, FLORIDA 32309
L.



PRINT OR TYPE NRCC Electrician's Mate 3 & 2
NAVEDTRA 10546-E

NAME ADDRESS
Lett Pint Middle Stmetalltip/Ualt/DIvIsioa, etc.

City or FPO &So Zip

RANK/RATE SOC. SEC. NO. DESIGNATOR ASSIGNMENT NO.

USN USNR ACTIVE INACTIVE OTHER (Specify) DATE MAILED

la 0aoo
200003o
40000
500006o
70000
8

9000o
10oo

0000
12 0000
13 0000
140000

6,4

51 0 0 0
27 0000 52 0000
28 0000 S3 0
29 0000 54 0000
30 0000 '55 0000
31 0000 56 0
32 .57 0000
33 0000 58 0 0 0 0
34 0000 0000
35 0 0 60 El

36 0000_____ 610000
37 0 CI 0 620000
38 0000 63000.0
390000

1700 420000 66 576 001: 200 001

1600 430000
15 0 0 40 0000

18006 43 0 0 0 0 68 El Ein O

18 0 0 0 44 0000 69 0 0 0 0

20 0 0 D 45 0000 70 DODO
21 460000 710000
22 0 47 0 0 0 0 72 0 0 0 0
23 0 0 48 0 0 0 0 73 0 0 0 0
24 0 0 49 0 0 0 0 74 0 0 0 0
2500 0 500000 , 75 0 0 0 0

SCORE

6,46,4

SCORESCORESCORESCORE



'PRINT OR TYPE NFCC Electrician's Mate 3 & 2
NAVEDTRA 10546-E

NAME ADDRESS
First Middle Steset/Sttlp/UOIDIvition, etc.

Qty or FPO Stat.

RAMC/RATE SOC. SEC. NO. DESIGNATOR ASSIGNMENT NO.

USN USNR ACTIVE 1:3 INACTIVE OTHER (SowlIy) DATE MAILED

4.

SCORE

1 2 3 4 ; 3 4 li 2y 3 4

inaoo 26 51 0 13 0 0

2 0000 27 0000 52 0000
3 0000 28 0 0.0 0 53 000
4 0000 29 0000 54 0000
5 0000 30 0000 55 000
6 0000 31 0000 56 0000--
7 0000 32 0000 57 0000
8 0000 33 0000 58 0 0 0 0
8 0000 34 0 0 0 0 59 0000
10 0000 35 0 0 0 0 60 0 0 00
11 0E100-- 36 0000 61 El 0 0 0

12 13111 0 0 37 0000 62 000--
13 0000 38 0000 63 0000
14 0000 39 0000 64 0
15 0000 40 0000 65 0000
16 0000 413000 66 DODO

17 0000 42

8 0 0 13 0 43

19 0 0 0 0 44

0 0 0 0 0 45

21 0 0 0 0 46

22 0 0 0 0 47

3 0000 48

4 0000 49

23 0000 50

0000 67 0000
1 0 0 0 0 68 0 0 0 0

0000 69 0000
2 0 0 0 0 70 0 0 0 0

0000 71 0 0 0 0
0 0 0 0 72 0000

2 0000 73 0000
2 0000 740000

0 0 0 0 75 0000

605



PRINT OR TYPE

NAME
lades

NRCC Electrician's Mate 3 & 2
NAVEDTRA 10546-E

ADDRESS
Street/Ship/Ualt/DIvlion, etc.

Oty or FPO

RANK /RATE SOC. SEC. NO. DESIGNATOR

USN ID USNR ACTIVE INACTIVE

State

ASSIGNMENT NO.

Zip

OTHER (SPecIly) DATE MAILED

1 2 3 4 1 2 3 4loan 26 I3 0 0--_-- .27 0000
3 0000 28 0000
4 0000 29 0000
5 0000 30 0000
60000 31 0000
70000 32 0000
90000 33 0000
90000 34 0000
10 0000 35 0000
11 00 0 _ 38 0000
120000 37 0000
130000 38 0000
140000 99 0000
130000 400000
160000 410000
170000 420000
180000 430000
190000 440000.20 430000
0000 46 0000

220000 470000
230000 480000
24 0000 490000
23'0000 300000

6u6

SCORE

1T 27 3 4

31 0 0 0
52 0 0 0
53 0000
54 0900
55 0000
56 0 0 0
57 0000
58 0000
59 0000
60 0000
61 0 0 0 0
620000
630000
640000
63 0000
660000
67 000
680000
690000
700000
710000
720000
73 0000
74 0 0 0 0
75 0 0 0 0 MD MD



PRINT OR TYPE

NAME

NRCC Electrician's Mate 3 & 2
NAVEDTRA 10546-E

ADDRESS
Pint Middle Strort/8h1p/Uolt/DIvIdon de.

RANK/RATE SOC. SEC. NO.

USN USNR ACTIVE

1 2 3 4

1 6[500
2 0 0 0 0 - - -
3 0000
0000
0000

6 0000
0000
0000
0 0 0 0

lop000
1 0000- - - - -
12 0000
13 0 0 0 0
4 0 0 0 0
15 0000
16 0000
7 0000
18 0000
8- 0 0 0 0
20 0 0 0 0
21 0 0 0 0
22 0000
3 0 0 0 0

24 0 0 0 0
25 0000

City or FPO Mato

DESIGNATOR ASSIGNMENT NO.

INACTIVE OTHER (*oft Ily) DATE MAILED

SCORE

1 2 3 4 1 2 3 4

26 Ohmo 31 bb00
27 0000 52 0000--
28 0 0 0 0 33 0000

4 29 0000 54 0000
3 30 0000 33 0000

31 0000 56 0000
7 32 0000 57 0000
8 33 0000 58 0000
9 34 0000 38 0000

35 0 0 0 60 0000
1 36 0000 61 0000--

37 obo 62 0000
38 0000 63 0000

1 39 0 0 0 0 64 0 0 0 0
40 0000 65 00 01a----
41 0000 66 0000

1 42 :loot) 67 0000
43 0000 68 0000

1 44 0 0 0 0 69 0 0 0 0
45 0 0 0 0 70 0 0 0 0
46 0000 71 0 0 0 0
47 0000 72 0000

2 48 0 0 0 0 73 0 0 0 0
49 0 0 0 0 74 0 0 0 0
50 0000 75 0000

607



PRINT OR TYPE NRCC Electrician's Mate 3 & 2
NAVEDTRA 10546-E

NAME ADDRESS
tad Pint Stssot/Silp/Ualt/DIvIslon ete-

City or FRY Slats

RANK/RATE SOC. SEC. NO._ DESIGNATOR ASSIGNMENT NO.

CUSH USNR ACTIVE INACTIVE OTHER (Specify) DATE MAILED

1 2 3 4 1 2 3 4

1 a a 0 0 26 b
20000-- .27 0000
3 0000 28 0000
4 0000 29 DODO
3 0000 38 0000
6 0000 31 0000
7 0000 32 0 0 0 13

8 0 0 0 0 33 0000
8 0000 34 0000
10 0 0 0 0 35 0000.4
2

SCORE

li 2 3 4

51 0 0 0 0
52 0000
33 0000
54 0000
33 0000
36 0000
57 0 0 0 E3_ ..a....

58 0000
.. 38 0000

68 00001 _____ 36 0 610000
12 0000 37 0 0 0 0 620000
130000 38 0000 830000
240000 380000 840000150 400 6500
160000 410000 66 0000
270000 4200b0 67 0000
180000 430000 680000
290p00 44o0r0 69 0000
20 0000 4500u0 700000
210000 460000 710000
22 0000 47 0000 720000
280000 480000 730000
240000 49000 740000
2.5 0 0 0 0 50000 750000

6U8



PRINT OR TYPE

_ _NAM
last First Middle

ADDRESS

NRCC Electrician's Mate 3 & 2
NAVEDTRA 10546-

milywrPtir- Suits Zip
RANK/RATE SOC. SEC. NO. DESIGNATOR ASSIGNMENT NO.

USN D USNR ACTIVE INACTIVE OTHER (Specify) DATE MAILED

1 2 3 4 1 2 3 4 IT 2ip 3 4

1 a a 0 0 26 bOo 51 0 0 0 0
-2 0 0 0 0 27 00 52.0000
30000 28 0 0 CI 0 53 0000
4 0000 29 0 LI 0 0 54 0E100
5 0000 30 0 55 0000
60000 31 0000 56 ci
7 .0 0 0 0 32 0 0 0 0 57 0000
8 0 0 0 0 33 0000 58 0000
5 0000 34 0 CI 0 0 i 55 0000
10 0000 35 0 000 60 0000
u 0000_____ 36 0000 610000
120000 37 0000 620000
130000 38 0000 830000
14 0 0 0 0 35 0 0 0 0 6400
150000 400000 650000
160000 410poo 66 ocoo
17 opoo oolitic] 67000o18 43
19 0 0 0 0 44 0 0 0 0
20 0000 45 0000

68 0 0 0 0
69 0 0 0 070 0

21 0 0 0 0 46 0 0 0 0 710000
220000 00000 720
2300or 480000 730000

- , .. 490000 740000.m. mmomo

:%i i.:c :..J;...i 0 50 0 0 75 0000

6u9

SCORE



PRINT OR TYPE

ADDRESS

NRCCEl ectri ci an ' s Mate
NAVEDTRA -10546-E

Last Pkit Middle Strut /861p/UoR/DIvIdaa, etc.

RANK/RATE SOC. SEC. NO. DESIGNATOR ASSIGNMENT NO.
[;I USN USNR ACTIVE INACTIVE OTHER (Svidly) DATE HAILED

2

1 2 3 4 1 2 3 4 1 2 3 4

SCORE

1 Eiab 26 0000 51 bb
20000....._ __ 27 000 52 0000
30000 28 000 53 000
40000 29 000 54 0000
30000 30 E30 55 0000
8 0 0 0 0 31 0000 56 0000
70000 32 0000 57 000
8 0 0 0 0 33 0 0 0 0 58 poop__
9 0000 34 0000 59 0000_ ....
10 0000 35 0000 6° [D
11 0000_____ 36 000 61,0000
12 0 0 0 0 37 0 0 0 0 62 0000
,330000 38 0000 63 0000
140000 39 0000 640000

..

150E1 40 0000 65 0000
160000 41 0000 66 0000
17 0 0 0 0 42 ocati 67 00001800 '430000 68 00
190000 44 000 69 0000
200000 45E1000 70 00
210000 , 46 00bp 71 0000
220000 470000 s 7 2 0000
230000 480000 , 730000
240000_____ ''. 490000 740p00
-250000 s0 00 7501:300

,
610



--PRIM' OR TYPE-
NRCC Electrician's Mate 3 & 2
NAVEDTRA 10546-E

NAME ADDRESS
Last First Midas Strast/ShIpillalt/DIvIelon, ate.

City or ITO Seats Zip
RANK/RATE SOC. SEC. NO. DESIGNATOR ASSIGNMENT NO.

PUSH USNR ACTIVE INACTIVE OTHER (Spicily) DATE MAILED

1 2 3 4 ; ; 3 4 1 21 3 4

1 a a 0 0 26 0000 51 000020000-- 27 0000 52'000
3 0000 n 0000 53 0000
4 0000 29 0000 54 0000
5 0000 30 0 0 0 0 55 000060 31p . 56 [moo

57 0 0 0 0,.7opoo Up
00000 33 00 580000
90000 34 0000 59 0 0 0 0
10 0000 M 0000 60 0000
II 00150_____ M 0000 610000
12 0000 37 0000 620000
130000 M 0000 630000
140000 39 0000

0150 00 69 0000
160000 410000
170000 42 [mob 67ocpo
180000 00000 6800001900 44 0 0 0 0 69 0 0 CI 0

-100000 00 700000
210000 460000 7100
220000 470000 72000023 4800 .0 0 730000
240000 490000 7400
250000 500000 750000

611



PRINT OR TYPE
NRCC Electrician's Mate 3 & 2
NAVEDTRA 10546-E

NAME ADDRESS
Middle Street/Ship/Unit/Division, etc. .

Last First

City or FP0 State Zip
RANK /RATE SOC. SEC. NO. DESIGNATOR ASSIGNMENT NO.

U5141 USNR ACTIVE INACTIVE OTHER (SvecifY) DATE pAAIL ED

SCORE

1 2 3 4 21, 3 4,

000 26 D
2 0000____ .27 0000
30000 28 0000
4 0[2.00 29 0000
5 0000 30 0000
0000 31 0000

7 0000 32 0000
90000 33 0000
9 0000 34 0 0 0 0

10 .35 0000
11 0000_ 36 0000
120000 37 0000
130000 38 0000
140000 39.0000154 40 0000
16 0000 410000

\ 17 0000 42 0000
180000 430000
150000 44 0
200000 45 0000
2100 46 0000
22 0000 47 0000
23 0000 480000
24 0 49 0000
250000 5000

612

1T 21, 3 4

51 0000
52 0000
53 .0000
54 0000
55 0000
56 0000-
57 0000

0000
59 0000
60 0000
61 0000
62 0000
63 0000
64 0000
60000
0000

67 0000
68 0000
69 0000
700000
71000
72 0 0 0 0
73 0000
74 0000
75 DODO



PRINT OR TYPE
NRCC Electrician's Mate 3 & 2.

NAVEDTRA 10546-E ,

NAME ADDRESS
Lem Pint Middle 812608111P/Uott/Divleion, etc.

RANK/RATE SOC. SEC. NO.

ACTIVE

rt MORIState
DESIGNATOR

Try
ASSIGNMENT NO.

USN USNR INACTIVE OTHER (Specify) DATE MAILED

1 2 3 4 3.i. 21, 3 , 4 17. 21, 3 4

1 aa 26 000 51 0 0 0
20000 _ _ ,1P dM OM 27 0000 52 0 0 CI 0
30000 ;8 DODO 53 0000
40000 29- 0000 54 0000
30000 30 0000 55 000
60000 31 0 0 0 0 56 0000
70000 32 0000

s,
57 0000

80000 33 0000 58 0000
90000 34 0000 59 0000

103 0000 35 0 0 0 0 60 0 0 0 0u 0000 _ _ 36 0000 610000
li 0000 37 0000 62 000,0
13 0 0 0 0 38 0000 630000
140000 390 ' 64 0 0 0 0
150000 40 0 0 0 0 63 0-000
16 0 0 0 0 41 0 0 0 0 66 0000
170000 420000 67 0 0 0 0
18 0 0 0 0 43 0000 68 0000
130000 440000 69 0000
201200 430000 700000
210000 460000 710000
220000 470000 720000

, 230000 480000 73 0 0 0 0
240000 490000 740000
29.0000 so 0000 75 0000

613



PRINT OR TYPE
NRCC Electrician's Mate 3'& 2
NAVEDTRA 10546-E

NAME. ADDRESS
lest Plot Wade Street/Ship/Unit/Division, etc.

City or FPO- State
RANK /RATE SOC. SEC. NO. DESIGNATOR

USN USNR ACTIVE INACTIVE OTHER (StwIly)

1F. 2F 3 4

/ 26 [MOO
.27 0000
28 0000
29 0000
30 0 0 00
31 0 0 00
32 ooo

1 2 3 4

lact_
3p000
40000
5 0 0 0 0
6 0000
7 000.0
8 0000
9 DODO
10 DODO
11 DODO
120000
0000,

140000
150000

0000.
1700o
18 0000
19000
mooc:
21000
220000
23 ID 0 0 0

240000
Isc000

Zp
ASSIGNMENT NO.--

DATE MAILED

33 0 0 0 Q
34 0 0 0 0
35 0 0 0

, 36 onEj0.:____

SCORE

1 2 3 4
51 Obo
52 b 0 0 0
55 0 0 0
54 0000
55 000b
56 0 0 0 0
7 DODO

58 0 0 0 0
59 CI =TO
60 0 0 0 0
61 0000

37 0000 -
380000
390nrJ m

40 LLOO
41 0 0 0 0

620000
630000
640000
65 000
66 00CI.

42.000 67 0 00 0
'430000 68 0 0 0 0
44000 88 0 0 0 0
45 0 70 0 0 El 0
46 0 0 MI_ 7100d
47 000 72000
480000 730000:
490000 000__.:_.,
300000 73000

61


