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' THE UNITED STATES NAVY
~ GUARDIAN OF‘OUR.‘:COUNTEZY
and is a ready force on.watch at home and overseas, capable of strong

action to preserve ‘the peace or of‘lnstar;t Qﬂenswe actlon to win in war.

it is upon the maintenance of this con(rol that our country’s glorious

7| future depends the. Unuted States Navy exnsts to make it so.
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(‘ WE SERVE WITHHONOR S

-

Tradltlon valor and victory are the N"yy s heritage from the past. To
these may be added ded:cation, disciplisi wpnd vigilance as.the watchwords
of the present and the future. .

éll e T
At home or on distant stations we serve with prige, confldent in the respect
of our country, our shrpmates and our families. £
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Our responsibilities sober us; our adversifies strengthen us

~ Cod

. " THE FUTURE OF THE Nl\y‘v

The Navy will always employ new weapons; hew technlques, and
| greater power to protect and defend the Un:tedStates on the sea, under

| the sea, and in the air. % co,
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Now and in the-future, control of the sea gwé.ythe United States her
greates* advantagefor the maintenance of pgace and for wctory m war.

[ Moblllty, surpnse dispersal, 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 reﬂectlon on our
heritage from the past. o ¢

" - - TS ‘ )
Never have-our-opportunities and our responsibilities been greater:

! Service to God and Cbu ntry is our specnakprwnlege We serve with honor.

The United States Navy is responsible for mamtalnrng contr‘ol of the sea
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This Rate Training
assist the ABE2 and ABE] in “performing the
! tasks aSSPCIated with their Tates and toraid th

Manual is desxgned to .

din preparing for advancement—the ABE2 t6'

ABE] and the ABEl fo ABEC. It is primarily
based on the professronal requirenfents or quah-
fications for ABE1 and ABEC, as contained jn
the Manual of Quallﬁcatrons for Advancement
NavPers 18668 (Serits). To' prepare for an
advancement examination,” this Rate Praining
Manudl should be studied in conjunction with
Military Requirements for Petty Officers 1 & C,

. NavPers 10057 (Serigs). The latter covers the

. Military. Re§uirements for all first class and chief
petty ofﬁcers ° Lo

ENLISTED RATING STR}JCTU RE'

The present enhsted‘ rating structure lncludes
two types of ranngs general ratitigs and semce
ratmgs )

GE‘INERAL RATINGS are desrgned to provi ide

paths of advancement and career development
A general rating identifies a broa occupation'al
field of related duties-anid functions requiring
"similar aptitudes and quahﬁcatrons General
ratings provxde the primary meéans ﬁsedg to

. 1dentify billet requlrements and personnel quah )

fications. Some' general ratings include service
. ratings, others do not. Both Regular Navy and

Naval . Reserve personne] may hold general rat-

» ings” ¢

Subdivisions of certam general ratings ‘are
identified as SERVICE RATINGS. These service
ratings identify areas of specialization withjn the
scope of a general rating. Service ratings are ,
established in those "general ratings in which
specializatjon is essential for efficient utilization
of personnel. Although service ratings can exist
.at any petty officer level, they are most coni-
_mon ‘at the PO3 and PO2 levels. Both Regular

kT
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v
Navx and Naval Reserve personnel may hold
service ratings. -

= ABERATING '

s

The ‘ABE rating is a service rating and is

" included in Navy Occupational Group IX (4via-

tion). The general rating, AB, applies at the E 8
- and E-9 levels. °

Figure 1-1 illustrates all paths ‘of advancement
for an, Airman Recruit to Master Chief Aviation
Boatswain’s Mate, Warrant Officer (W-4), or
errted Duty Officer. Shaded areas indicate
career stages where qualified enlisted personnel
may |advance to Warrant Officer (W-1) and
-selected Warrant Officers may. advance to Lim-
ited Duty Officer. Personnel in enlistéq rates and
warrant ranks ndt in a shaded area may advance
only as indicated by the lines.

The Manual of Quahﬁcatrbns for Advance-
ment, NavPers 18068¥(Series), states that ABE’s
are responsxble for the operation and mainte-
ndnce of catapults barricades, arresting gear,
arresting gear engines, and associated equipment
ashore and afloat. .

One or more ABEC’s are generally assigned to
“the . catapults aboard a earrer.” An ABEI js
normally ‘assigned” to each catapult as catapult

aptam Senior ABE’s assigned to catapults -
pervise lower rated ABE's and nonrated men

the operation and maintenance of the cata-

ults and associated equipment, ~ .
An ABEC is assigned as arresting gear chief

. Jand.is in overall charge of the operation and

maintenance of arresting and barricade gear and.
the operation of visual landing aids. The arrest-
ing gear chief is generally assisted by two
ABE1’s-one who supervises the operation and
maintenance of the ar:restmg gear, and one who
, supervises the operation and maintenance “of the
barricade gear. Either one of these men may

!
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. particle inspections; and supervise lower rated
ABE’s in the various maintenance proced?xres.

*

' © *" " Chapter1- AVIATION,BOATSWAIN'S MATE E RATING

~ *
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supervis¢ the operation of tflew’vitsual landing .

" aids. Maintenance of landing aids is normally

performed by personnel of the IC rating.

In order to properly perform his duties, the
ABE! must be able to analyze malfunctions of
catapults and arresting gear and associafed ’
equipments; disassemble and replace defective
parts; and supervise lower rated ABE's in routine
maintenance procedures for the above imen-
tioned equipment.  + . .

In addition .to the€™above listed requisemeitts
for ABBY,. fhe, -ABEC must .be qualified to
inspect and evaluate the operation, of repaired -
and newly installkd parts and components;
interprét results of dye penetrant' and.magnetic

-

A wide variety of assignments ashoré is
available to the ABE1-and ABEC. In addition to
the routine AB type billets, the ABEl and
ABEC are eligible for assignment to instructor
duty as well as a number of other desirable

“billets. Most of -these Jillets are under the

management control of the Bureau of Naval
Personnel and are directly associated with train-"
ing. Others are associated with research, testing,
or evaluation. Some of the more desirable billets
to which the ABE] and ABEC may be assigned
are described in the following paragraphs.

1. ‘Instructor duty is available to both the
ABE] and ABEC in the ABE Schools at
NATTC, LakehuTst, N. J. Another possibility for
instructor duty is with the Aviation Funda-
mentals Course at Orlando, Florida. .

In additiof to the above men tioned

. instructor billets, the ABE] and ABEC may be

assigned to instructor duty? at Millington,
Tennessee. -

Instructor . billets are normally filled on a
voluntary ‘basts, Detailed information concerning
assignment to instructor duty is contained in the
Enlisted Transfer Manual, NavPers 15909 (Ser
ies). .
9. ABEC’s are also eligible for assignment to
duty with the Naval Education and Training
-Support ‘Command -headquartered at Pensacola,

Florida, as‘a Technical Writer to assist in the
. preparation of Rate Training Manuals and Non-

resident Caregr Cougses (formefly called Enlisted

Correspondence Courses) for the AB ratings, and

as an item writer in the preparation of Navy-

wide advancement-in-rating examinations for en-
. listed personnel. )

. 3. Senior ABE’s may be .assigned to the

development and testing units at Lakehurst,
New Jersey; Patuxent River, Maryland; or Naval
Air Engineering Ceriter (NAEC), Philadelphia,
Pennsylvania. i

" For a listing of other special programs and

projécts, reference should be made to the(
Enlisted Transfer Manual. Others are also an- ‘.

nounced from time to time in BuPers Notices.
Personnel may jndicate their desire for assign-

,-indicating it in the ‘“remarks” block of their
Rotation Data Card. - .

In today’s modern Navy there is an awgsome L

.array of weapons and ships. Who can say which
‘one is the most important? Itisa known {act,
however, that-our modeTh carrier force is one of
the big detertents to any world power thinking

of armed conflict. The striking power. and the

maneuverability of our, carriers are what make

“~ ment to a-specific program or project by

them so important in the deterise of the tree

world.

But one factor concerning our aircraft carriers
must. always be understood: How useful would
they be without the catapults and arresting gear
units installed aboard them? Also, how could an
aircraft carrier fulfill its mission'if either of these

components were inoperative® The truth of the’

‘matter is, “The carrier would be inoperative.”
This is why you as senior men in the ABE
rating should realize the importance of your

position. You, as ABE’s, play a very important"

part in keeping your ship a fighting ship. <

As a result of the Naval Leadership Program, a
considerable amount of material related to naval
leadership for the senior petty officer is avail:
able. Studying this material will make you aware
of your many leadership responsibilities as a
senior petty officer and will also be of great help
in devéfoping lead_ers}iip qualities. It will r',lot in
itself, however, make you a good Jeader. Leader-
ship principles can be taught, but a good leader
acquires that qudlity only through hard work
and practice. « N ’
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As you study thlS material containjng leader-*
ship traits, keep in mind that probably none of
our most successful leaders possessed all 6f these ‘
traits fo a maximum degree, but a weakness in
some -traits was more than compensated for by
strength in othérs. Critical self-evaluation will
enable you to realize the traits in which you are
strong, and to capitalize on'them. At the same
time you must constantly strive to improve on
the traits in which you are weak. .

Your success as a leader will be decided, for

" the most part, by your achievements in rnsprrmg
others to leamn and perform. This is best
accomplished by personal example.

- ADVANCEMENT"

By this time, you are probably well aware of °
the personal advantages of advancement-higher
- pay, greater prestigé, more interesting and’ chal-
lenging work, and the satisfaction of getting

" ahead in your chosen cateer. By this time, also,
you have probably discovered that one of the
most enduring rewards of advancement is the
training you acquise in the process of. preparing
for advanceme t.

The Navy also profits by your advancement.
nghly trained personypel _are éssential 'to the
functromng of the Navy. By ad ancement, you
increase your value to the Navy ifi ways.

" First, you become moye valuable as a person
who can supervise, ledd, and_ train others and
second, you become nyore valuable as‘a technical
specialist and thus nfake far-reaching contribu-
tions to the entire NAvy.

Since you are spudying for advancement to
PO1 or CPO, you ‘are probably already familiar
with the requireghents and procedures for ad-’
vancement. Howgvet, you may find it helpful to
read the followjng sections. The Navy does not
starld still. Things change all the time, and-it is
possible that fome of the requirements have
changed. sinc¢ the last time you went up for
advancement/ Furthermore, you will be re-

training others for advancement,

HOW TO QUALIFY FOR ADVANCEMENT

To qualify for advancement, a person must:
1. Have a certain amount of time in'grade.

—4

T Proidod o G

" Such factors ds the score made on the

2. Complete the requrred/mrhtary and profes-
sional training manuals. .

3. Demonstrate the ability to perform all the
*~.PRACTICAL requirements for advancement by
completing applicable pertions of the Record of
Practical Factors, NavEdTra 1414/1. ‘

4. Be recommended by his commandlng of-
ficer.
5. Demonstrate his KNOWLEBDGE by passxng
a written examination on (a) military requrre-

ments, and (b) professwnal qualifications.: '

Remember that ¢ nge@.urements for-advance-
ment can change. Check with your educational
services office to be *sure that you know the
most recent requirements.

When you are training lower rated personnel,
it is a good idea to point out that advancement
is not automatic, Meeting all the requirem .
makes a person ELIGIBLE for advancement.

examination, length of time in se
formance marks, and quotas enter i

Preparation for advarfcement includes study--
ing the qualifications, working on the practical
factors, studying the mqurred Rate Training
Manual d studying any other material that
tay be specified. To prepare JYourself for
advancement Or to help others prepare for
advancement, you will need to be familiar with
(1) the “Quals” Manual, (2) the Record of
Practical Factors, NavEdTra 1414/1, (3) a
NavEdTra publication called Bibliography for
Advancement Study, NavEdTra 10052 (Series)
and (4) Rate Training Manuals.: The following
sectlons describe these materials and give some
information on how to use th,em to the best
advantage .

“Quals” Manual

The Manual of Qualifications for Advance-

. ment, NavPers 18068 (Series), gives the mini-
. mum requrrements for advancement to each rate

within each rating. This manual is usually
called the “Quals” Manual, and the qualifica-
tions are of two -general types: (1) military
requirements, /and (2) profess10nal or technical
qualifi catrons Mlhtar\y requrremeﬁts*aprﬂy to all

b
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ratings Tather than to any ore rating alone.
Professional qualifications are tectinical or proy
fessional -requirements that are directly related
to the work of each rating. N .
. Both thé military ‘requirements and the pro-
fessional -qualifications are -divided ,into subject
-matter groups. Then, within each subject matter
group, they are divided into PRACTICAL FAC-
TORS and KNOWLEDGE FACTORS. .
The qualifications for advancement and a
* bibliography of study materials are available in
your educationdl services office. The “Quals”
Manual is changed more frequently than Rate
Training Manuals are revised, By the time you
are ‘studying this training manual, the “quals”
may. have been changed. Never trust any set of
- “quals” until you ‘have checked the change
number against an UP-TO-DATE copy of the
- “Quals” Manual. . .. -
In training others for advancement, emphasize
these three points/about the “quals”: ‘
1. The “qugld” are the MINIMUM require-
. . ments for advancement. Persopnel who study
. MORE than the required minimum will have a
great. advantage when they take the written
examinations for advancement. " * /o
2. Each “qual” has a designated .rate level—

chief, :first class, second class, or third class. |

You are responsible:for meeting all “quals”
specified for the rate level to which you-are

' . seeking advancement AND all “quals” specified
for lower rate levels. .

. /3, The written examinatigns for advancement

will contain questions relating to the practical
« factors AND to.the knowledge factors of BOTH
the military requirements and the professional
qualifications. ' ‘ '

-

Record of Practical Factors -

] A special form known as the Record of
Practical Factors, NavEdTra 1414/1, is used to
. record the satisfactory performance of the prac-
tical factors. This form lists-all military and all
~ professional practical factors. Whenever a person
demonstrates his ability to perform a practical
-—factor, appropriate entries must be made in the

DATE and INITIAL columns. As a POl or CPO,

“you will dften be required to check the practical
. factor performance of lower rated personnel and
tg-report t{le tesults to your supérvising officer..

N

As changes are made periodically to the
“Quals” Manual,; new NavEdTra forms 1414/1
are provided when’ hecessary. Extra space is

allowed.on the Record of Practical Factors far .

entering,addittonal practical factors as they are
published in" changes to the “Quals” Manuals.
The. Record of Practical Factors also provides
space for recording deggonstrated proficiency in
skills which are within the general scope of the
rate but which are not identified as minimum -
qualifications  for advancemens. Keep this in

.

mind when you are training and supervising

_ other personnel. If a person demonstrates

" the “quals” but which is within the g neral *

proficiency in some skill which is not lisE{d in

scope of -the rate, report this fact’ tq the
supervising officer so that an appropriate entry
can be made in.the Record of Practical Factors.’

When you are transferred, the Record -of
Practical Factors should be forwarded-with your
service recerd to your next duty station. It is a
good idea to check and be sure that this form is
actually inserted in your service record before
you are transferred. If the form is not in your
record, you may be requiréd to-start all over
again and requalify in:practical.factors that have
already been checked off. You should also take
some responsibility for helping lower rated
personnel keep.track of their practical factor .

records when they are transferred. |

5

A second copy of the Record of Practical
Factors should be made available to edch man in

* pay grades 'E-3 through E-8 for his pegsonal

record and guidance.

NavEdTra 10052

@

_ Bibliography for - Advancement Study, Nav-
EdTra 10052 (Series) is a very important publi--
cation for anyone preparing for advancement.
This publication lists required and recommended
Rate Training Manuals and other reference
material to be used by .pérsonnel working for
advancement. NavEdTra 10052 (Series) is re-
vised ‘and issued once each year by the Naval
Education and Tfﬁining Suppott Command.
Each revised editidn is identified* by a letter
following the NavEdTra.number. -When using
this publication, be SURE you have the most
recentgdition. I .
The required and recommended references are
listed by rate level in NavEdTra 10052 (Seﬁqs).

) a0 ' o
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It is important to remember that.you aré

as well’as those listed for the rate .to which you
are seeking advancement. e

Rate Trainig Manuals that_are marked with
an asterisk (*) in NavEdTra 10052 (Series) are

scompletion requirements of a mandato
'ing manual may be satisfied by (1p
appropriate Nonresident Career Ceu

ry traip-
assing the
rse that is

passing locally prepared . tests\ based on the
information, given' in the ‘mandatoty  training
manual, or (3) in -some;
- ‘completing dn appropriate Navy school.
" When training personnel for advancement, do
... Dot overlook the section of NavEdTra 10052
. (Series) which lists the required and recom-
©" mefided references relating to the military re-
.quirements for‘advancement.. All personnel must
complete the mandatory military requirements
training.manual for the appropriate rate level

10052 (Series). It is important to remember that
ALL references listed in NavEdTra 10052 (Se-

written examinations, at the appropriate levels.
Rate Training Manuals

There are twd general types of Rate Training
‘Manuals. Manuals (such as this one) are prepared
for most enlisted rates and ratings, giving infor-
‘mation- that .is directly related to the prgi‘es-
sional* qualifi€ations for advancement. Basic
manuals give informationathat' applies_to more
thdn one rate and rating. ° ° : L
" Rate Training Manuals are revised from time
to time to bring them up-to-date. The publica-
tion, List of Training Manuals and Correspond-
ence Coursses, NavEdTra 10061 (Series), which is
-revised, annually, comtaifis a listing of current

* Rate Training. Manuals and their identifying

. numbers. The letter follJowing' the number jden-
tifies the latest revision; for example, —A indi-
cates ﬁrst\revisi'gn, -B indicates second rev{sién,
etc. . S -

-Rate Training Manuals ‘are designed for the
- Special purpose of helping Qna\[a‘l pewsonnel pre-

) \)“T' . ' . e . : s
ERIC - - -7 0
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responsible for all references at lower rate levels,.

MANDATORY at the indicated rate levels. The -

basgd on the mandatory training manual, 2).

“cases; successfully

, before they can _be eligible to -advance. Also,
make sure that personnel working for advance- .
ment study the ‘references which are listed as,
recommended but not mandatory in NavEdTras

ries) may be used as source material for the "

.

pare for advancement: By this time, you have 2
probably, developed your own way of studying -

v thesemanuals. Some of the personnel you, tfain, -

., however, may need guidante in the use of Rate
TraiNing ‘Manuals. Ajthoqgh there is no single
“best” way to,study a training manual, the )
foHowfing suggestions have proved .useful for
many people: . .o -

I. Study the military requirements and the
professional qualifications for your rate before

. you study the traifling manual, and refer to the
“quals” ou study. Remember,

frequently -as
you are'studying the training manual primdrily

to meet these “quals.” -

2. Before you begin to study any part of the
.. training manual intensively, get acquainted with
* the entire manual. Read the preface and the
table of contents. Check through the index.
Thumb through the manual without any particu- e
lar plan, looking at the illustrations and reading
bit$ here and there as you see things that inferest
-you. . S
" 3. Look at the training manual in more
detail, fo see how it is organized. Look at the
“table of contents again.  Then, chapter by chap-
ter, réad the introduction, the headings, and the .
subheadings. This wijll give you a pretty clear
‘picture of the scopedand content of the, manual.
"4. When you have a general jdea of what is in
the training manual and haw'it is organized, fill .
in the details by intensive study. In each study"
period,. try to cover a cqmplete unit—it may be a
. Chapter, a section of a chapter, or a subsection.
The Amount of material you can cover at one
time will vary. If, you know, the subject well, or,
if the material is easy, you can cover quite a lot
. -at one time. Difficult or unfamiliar material wiil
require more stiidy time. , :
5. In studying each nit, write down ques-
tions as they occur to you. Many people’ find if
helpful to make a written outline of the unit as
they study, or, at least to write down the most
important ideas.
6. As you study, relate the information in the
training: manual to the knowled? you.already
have. When you read about A&'process, askill, or -
a situation, ask yourself somie questions, Does
this information tie in with past experience? Is
this something new and different? How does this
information relate to the qualifications for
advancen‘wnt? ' T N
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" 7. When you have finished studying, a unit,’
 take timie out to see what-you have learned.

- Look- back over your notes and questions. .
Without looking at the training manual, write
down the main ideas you have learned from-
studyirig this’ unit. Do not -just quotg the
manual. If you cannot give these ideas, inﬁour
own words, the chances are that you have not
redlly mastered the information.

8. Use Nonresident Caregr Courses:whenever |

- you can. These courses, are based on Rate '
Training Manuals or other appropriate texts. As

* mentioned befo(e, completion requirements ofa
mandatory Rate Training Manual can Be satis- |
fied by passing a Nonresident Career, Course
based on the training n}anual. You will probably

_ find it helpful to take other courses, as well as
those based on mandatory -training manuals.
Such courses help you to master the information

- . given in the training manuals, and also give you
an idea of how much you have learned.

INCREASED RESPONSIBILITIES

When you essumed the duties of a PO3, you
began to accept a certain amount aof responsibili-’
ty for the work of othesrs. With each advance-
ment, you accept an increasihg responsibility in
military matters and in matters relatirigsto the

* . professional work of your 'rate.- When you
advance to POl or CPO, you will find a’
ndticeable increase in your responsibilities for
leadership, supervision,~fraining, working with
others,.and kegping up with new developments. , ~

, ' As your respofisibilities incréase, your ability

to communicate clearly and effectively must

, also increase. The siniplest arid most diygct

means of communication is’a common langudge.

_ "The.basic requirement for effective co ymuni
tion is therefore a knowledge of your own

* language. Use-correct’ language in speaking and

. in-writings,Remember that the basic purpose of
all communication is understanding. To lead,
supervise, and train others, you must be able to
speak,and -write in such a way that others can
understand e'xact.1y what: you mean,

R . N

" Leadership and Subgi&vrision. . “

. By ¢ I ,
' ‘As a PO1 or CP : @Q{l wifl be fegarded as a
leader and.supervisor. Bdth o QCe,gﬁand enlisted’
personngg will expdct ‘you i to' | translate the
SR} ') A r\?ﬂ
| ;1 ,‘)‘.\ ' 7
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' that all seniors have over subordinates. As 3

_general 6rde;rs given by officers into detailed, )

practical, on-the-job lariguage thatscan be under-

stood and'followed by relatively inexperienced .

personnel. In dealing with ydur juniors, itisup " -
to -you to see that they perform their jobs
correctly. At the same time, you must be able to
explain to officers any important problems or
needs of enlisted personnel. In all military and
professional matters, your respbnsibilities (will
extend both upward and déwnward: :
Along with your increased responsibilities;
you will also have increased authority. Qfficers « |
and petty officers have POSITIONAL -authori-
ty—that is, their -authority over othernlies i
their_ positions. If ‘your CO is -relieved,
example, he no longer hds the degree of authox:;
ty over you that he had while he was your CO,
although he still retains the military authority

~,

PO1, you will have some degree of positiefes

. authority; as'a CPO, you will have even more.

When exercising your authority, remember that N
it is” positional—it is the“rate you have, rather
‘than the person you are, that gives you this
authority. T ‘ .

A Petty Officer conscientiously and proudly
exercises hig authority,to carry out the responsi-
bilities he is given:He takes a personal interest in
the success of both sides of the, chain of
command . . . authority and responsibility. For
it is true that the Petty Officer who does not
seek out and accept responsibility, loses his
authority and then the responsibility he thinks
he deserves. He must be sure, by his example
and by his instruction, that the Petty Officers
under him also accept responsibility. In short, he
must be the leader his title—Petty Officer— says |
he is. . ' oo

Training i

~

- As a POl or CPO, you will have regular and

continuing responsibilities for training others.
Even if you are lucky enough to have a group of
subordinates who are all highly skilled and well
otrained, you will still find that training is -
necessary. For example, you will always be
responsible for training lower rated personnel
for advancement. Also, some of your best
workérs may be transfefred, and inexperienced
or poorly trained personnel may be assigned to
you. A particular job may call for skills that °
~ 42
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none -of your personnei have. These and similar -
' ‘problems require that you be training special-
*ist—orfe who can conduct formal and, informal
training programs to ‘qualify -personnel for -
: advancement, and one who can, train individuals
. and groups in the efféctive execution of assignet
tasks. . . e \
In" using this* training manual, study the
information frem two* points of view. First,
- what dd you'yourself need to learn from it? And -
. second, haw- would you’' go about teaching this
" .~ information to others? T ’
Tréining goes on all the time. Every, time a
person does a particular piece of works some

-

" learning is taking place. As a supervisor and as

_training expert, one of your biggest jobs is to see
that your personnel learn the RIGHT things

"~ about each job so that they will not form bad

work habits. An error that is repeated a few

times*is well on its way to becoming a bad habit.
- You will have'to leamn the differerice between

oversupervising and not supervising enough. No

one can do his best work” with a syervisor

" constantly supervising. On the other hnd, you

"“cannot tim an entire job over to an inex:

*  perienced person  and* “expect
- correctly without any help"or-s,uperyisim. :

In training 'lgwer, rated persomié’i;;emphasize-
the importance’ of leaming and using cogect’
terminology, A command of the-technjgal Tan-
guages of your océ¢upational field endbles you'to
receive and convey information accurately and -

_to~exehange ideas. with others, A ~person who .
does not urderstand the. precise meaning * of”
terms uséd iy connection with his work is-
. definitely at-a isadvantage whén hé trigs to re'ad
offi¢ial publications relating to. his work, He is
also at a great disadvantage when he. takes the «
examinations
"+ ifi*the correct
'« need to.be
words, Use cof
" ‘personnel’you’
oy
-

T8

- Fattors, "NavEdQTra 1414/1; a.useful guide-in ",
planning .and - atrying. out. traifiing programs,
this recold, yoi can telt which practical
“checked’ off and.which oneg.
done. Use this informafion %o
ogram-that will fif,the needs ‘of
. . the personnel youl are training, =~ .

.

use of itechpical terms, you wAll

ry ‘careful in your own use of
Tt terminalogy and insist that -

Te supervising use it tod, .

24
tE

. *

higto do it °

or advancernent. To train others -
" information. When you hear abou

i
; g .. out mo're-a_%
You.will {find the, Record«of Practical .. -

< .
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"| On-the-job  traifiing is -usually controlled
irough daily and weekly work assignments.
hen you are working on a tight scheduile, you
ill generally want to -assign eéch-persorﬁtg the

part of g2e‘job that you know he can do bést. In
e long ‘run;~howevet, you. will gain more’ by

agsigning personnel to a variety of jobs so that:"
h person, can acquire broad experience. By .
e gchance to 4o carefully supervised *
M5 "1t which they are relatively
) . d,r you will increas¢ the range of
ills of each. pefSon ‘and.thus improve the
xibil}ity of ygur worldnig group, ...+
- g

LoRLTA

orking with Othiers’ i

v B ” R
As you advance to PQJ.or CPO, you will find
hat many of your plans and decisions affect a
large number of ‘people, some"of.whom are not,
.€ren in your own occupational field. It becomes
" increasingly important, therefore;. for you to.
understand the duties and the responsibjlities_of

%

¢ much. as you can’ about the work. of .

gthers, and plan your own work so that.it wilt ~

t into the overall mission of the organization. -
. . s ;’ . * ‘:“ ” .

B
<
)
’ . e V
-,
A

. Practically everything in the Navy—policies,
procedures, publications, equipment systems—is
..subject to change and development. Asa POJ or, .

CPO, you must keep yourself informed- about
changes and new developménts that affect yau .
or your work in arly way. . R
-Some changes will be called directly to your, . -
attention, but. othess will be' harder to find, Try ‘s
'to develop a, $pecial kind of alerfness for new
' t anything new ™
. in the‘Navy, find out.-whether there is-any ‘way
in which it, fight affect your woik. If o, find , --

out it, »w - .

.. . -

SOURCES QF INFORMATION

-

14

4«
% K
4 o

‘As a PO1 or CPO, you miist have an extensive, .
-knowledge of the references to consult _for,

* accurite, autheritative, up-to-date information _
on all subjects related to the-military and
»professional requirements fot ’adyancer‘nerit. T x

’
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Publicatiohs mentioned in this chapter are
subject to change “or revision from time’ to

_ time—some at regular inlterv,als, others as the
need arises. When usingsany publieation that is
Puitject to revision, make sure that you have the
s Jatest gdition. 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.

Training manuals that are applicable are
available .through your educational services’
offiger. In addition to-training manuals and

. publications, training films furnish a valuable

- source of supplementary information. Films that

may be helpful are listéd in the U. S. Navy Film
Catalog, NavAir IQ-.1-777. ) .

P ’

1. Shortage Si)ecialt'y~ (Proficiency Pay).” A .7

monthly amount of pay in addition to any pay

? and allowancesgo which otherwise entitled that

< designed fo assist in attaining and sust

may be awardéd fo an eligible enlisted member
who possesses a critical rating or NEC. Shortage
Specialty (Proficiency Pay) is designed to assist

*in 4tfaining and ,sustaining adequate career ”

manning levels in critical ratings qnd-NE_C:s. V-
2. Speciat Duty Assignment (Proficiency; Pay).
A monthly amount of pay in addition toany

* pay and.allowances to which otherwise entitled’

.that may be awarded to an eligible enlisted
member who is assigned to certain special duties.
Special Duty Assignment (Proficiency Pay) is
' ainin® an
adequate voluntéer manning level in the critical
special duty assignments. - o
« g

ADVANCEMENT TO SENIOR

* _ # 'ANDMASTERCHEEF -,

. ADVANCEMENT OPPORTUNITIES FOR
U PETTY OFFICERS | -

-

N p

© " Making chief is not-the end of the Jinkeas far -
as advancement is-epncerneg. Advancement to

S _ Chief petty officers }'nay'qﬁalify for the

LN

Senior ~(E-8) and Master (E-9) Chief, Warrant .

"Officer, and Commissioned Officer are among

the opportunities that are.available, to qualified

- petty officers. These special paths of ad¥ance-

‘roent -are open to personnel who have demon-

stratéd outstanding professional ability, the

highest order of leadership and military-responsi- -
bility, and unquestionable mdral integrity.

. . . . A

»

-

", PROFICIENCYPAY., - ,

+. . The determination as-to which Navy ratings,
. ° NEC’s, and Special Duty Assignments are -au-
thorized proficiency pay is accomplished,
through an annual review, within the Bureay of

Naval Personnel, of .all Navy, ratings,-NEC’si, and

Spggial Duty Assignments. Those ratings, NEC’s

i o£pecial duty assignmerits, which fulfill the
Department of Defense criteria for an award of

proficiency pay are included in a proposed fiscal -

year Proficiency. Pay Program submitted to the
Secretary -of Defénse for approval.
", The Secretary of Defense ha$ authorized two
. categories of Proficiency Pay for Navy:

b

advanced grades of Senior and Master Chief
which are noy provided in the enlisted pay ‘
-structure.. These ,advanced grades provide for
substantial increases in pay, together- with in-
creased responsibilities and additional prestige.
The requirements for advancement to Senior
and Master Chief are' subject to change but}in

general, include a cértain length of time in grade, -

.a certain’ length of time in the naval service, @’
recominendation by the comimanding officer,
and a sufficiently high mark on the Navy-wide
-examination. The final selection for Senior and
Mastér Chief is made by a regularly convened
selection board. - ; .

. . . & o~
lf_?xammatlon Subjects oL
) & T

Qualifications for advancément to Senior
Chief Petty Officer and Master, Chief Petty
Officer have been” developed and publistied in
the Manual of Qualifications for Advancement,
NavPers 18068 (Series). They officially éstablish
minimum military and professional qualifica-
tions for Senior and Master Petty Chief Officers.
¥ The Bibliography for Advancement Study,
NavEdTra 10052 (Series) confains a list of study

- references which may be used to study for both
“ military and professionabrequirements. " - - ’

i
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The satxsfactory complet on of the
nonresident career course titled Military
Requiremerits for Senior and Master ‘Chief Petty
. Officer, NavTra 91209, is mandatery for
advancement to E-8 and E-9

-~

ADVANCEMENT TO wARI_zANT ‘ '
AND COMMISSIONED, OFFICER

1

. The Warrant Officer progfam provides oppor-
tumty for advancement to warrant rank for E-6

7

and above enlisted personnel. B-6’s, to be
ehglble must have passed an E-7 rating exam
prior to selection.

The LDO program provides & path of advance-
ment from warrant officer to commxssxoned_.
officer. LDO’s are limited, as are warrants in
their duty, to the broad technical t' elds asso-
ciated with their former ratin

If interested ins becommggQ warrant or com:
mjssioned officer, ‘ask your educational s rvices |
officer for the latest reqmrements that apply to
your particular case.




\ maximum

. .
d - .t 4
- T L

e

Senior petty ofﬁce‘rs of-the Aviation Boats-

| . -CHAPTER 2
' LEADING PETTY OFFICERS

" wain’s Mates E rating have oné of the most '

responsible jobs aboard an aircraft carrier. They

must handle large groups of men, supervise the

operation of catapult and arresting gear ma-
chmery, and ' perform many other jobs with a
safety. ‘Their ablhty as.leaders and
supervisors has earned them the respect of their

seniors and also ‘the men, under them. It has

taken much thought, study, planning, manual
labor, and an unsurpassed Attention to details to
eamn this respect.

" Each of these leading petty officers has
played an important part in the formatlon of
plans of action, has taken direct steps to insure
that these; plans were.explicitly catried out, and
has’ exercised great cdre to treat the men under
. him with fairness, respect and conmderatlon

R
5

LEADING PETTY OFF ICERS’ DUTIES
¢ A
The most 1mportant duty of any petty officer

_ ...is Jeadership. Leadership is the art of influencing

human behavior or the -ability to handle men.
The leadmg ABE began gevelopmg this art at the
time he was given his first responsible job before

being advanced to ABE3. It may have been an.

. unconscious effort on his part at this time or he

- may have actually realized that he was being

given an opportumty to develop certain leader-
ship qualities. ABE's seeking adyancement.to the.
hlgher rates must show confinuing improvement
in their leadership abilities and techniques.

»

it

their eyes a1though he may net reahze 1t at the
time. .
The moraie of the men under him is of. v1ta1
importance to the leading petty ‘officer. Only
when his men exhibit zeal in their work, have
pride in their accomplishments, show confidence
in their leading petty officer, and possess ef-
ficient work habits is’the leading ABE’certain
that his leadership is of the highest quality. =~ .
Another element directly ‘connected with the
art of leadesship is that «of ¢ thiBs. Hems, ethics is
thought of as the exercise.of duty along “oral
lines., The leading ABE must have developed a

'strong sense” of ‘what jis right and wrong by .the

time he reaches the leadmg petty officer status. -
His ability to stand firmly by his convictions -
conceming eonect moral ethics, sometimes in
the face of-poorly concegled disbglief on the
part of his men, is a factor which will ultlmately'
win for him the confidence of his men.” By
adhering to a high standard of honor and
integrity, he wins the conﬁdence not only of his
men, but also that of his superiors. .

Two othér important characteristics of a / -.
conscientious leading petty officer are his ability
to train and to supervise the men under him,”
Leading ABE’s must employ various’techniqugs
in the training and supervision of the mien under
them. These techniques may have been acquired
in formal training’ schools, or through experience
since their striker days. Regardless of how they
were attained, good techniques are essential in”
, the effective and proficient training and super-
‘vision of men. If a_leading petty afficer will

‘Military leadershlp, like arty other form ofsh ‘dvaluate himself on how effectively he is using

leadership, Tequires -that certain factors or ele-
merits be exhibited to make it a vital and driving
't foree. . The leadmg ABE, by virtué. of his posi-
tion, must demand dlsmphne from his men.
Permitting undisciplined actions on the part of
_his then actually marks him as a poor.leader in

11.

the better ‘techmques which- he has learned
through the years, he w1l1 reafize his value to the

/

Navy. -

This que&ﬁon is often asked “Why' do some
leading ABE’s with equal time in the Nayy make
better instructors and supervisors than others?”’ -
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There are, seveTal, reasons. Some of these men,
have a natural flair for teaching and an innate
ability to supervise men, others do not. Some. ,
* will have had fnore, experience in supetvision and
instruction than others due to the nature of
their past billets. Moreover, some attually enjoy
teaching and 'supervising; others “have not de-
- Veloped this liking However, it has been found
that most reasonably intelligent Persons may
‘become proficient instructors’ afid” supervisors

The instructor performs his job much more
precisely and the trainee leamns more quickly

and accurately when the instruction is givenina ..

logical sequence. For this reason a lesson plan is
needed which sets down the-various steps of
instruction. For example, the 'instructor cannot

ways afford to trust to memory while ex-
plaining the procedures for checking a control
station. He should have a prepared lesson plan at
his disposal which note/s the various steps in

provided they-apply themselves and receive the  -detail. .
proper . training, €ither through, schooling orZ.,.

through personal.experience on the.job. * . SRS

" There are many:Eirst Class and Chief Aviatiorf ,# METHODS OF INSTRUCTION )

Bpatswain’s Mates E. doing excellent:jobs.irf the =-
Navy today who have acquired ‘théir éxcellence
"+ “in these two areas™ through pgrsonal experiencd =
alone. These petty officers have: advanced 3
through reading, self-study, and obsefving close- :
ly the effects of their supervision and.instruction _;
on the men fPlaced’in their charge. They have <

- also changed their technighes whexi"'t};ey found.”™

/the old ones to be ineffective, and hayg generally
kept an alert and open mind regarding their

responsibilities as an instructor .and supervisor.
/- ! B
. . o .
TRA@GH % 4 *’;
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' < :
Ijgorder for tHe. leading ABE togive'the most
- effective instruction to his men, he' must devote
"considerable fought to .the planning of his ,
presentation, including the type andikind of * °
instruction to be used. Maximum use must be "
made of all available instructiondts.gids and

. Three commonly. employed methods -of in-
struction are the lecture, the discussion, and the
demonstration. Each has its advantages and
disadvantages- Quite often one or more of these
.methods may be combined to be advantageous
ifi certain types of ingtruction. In other in-

stances, one of these methods may work better'

if .employed” by itself. However, too much
dependence should not be placed in any one of
these methods fqr all occasions.

The lecture method is considered to be the
l{east effective of the three for most purposes.

“However, the leading ABE may effectively use

the lecture methdd when instructing a large
class. - . S
. A large portion of the teaching performed in

R .

the Navy is accomplished through the discussion _

method. This method requires student participa-

_tion toa de:gree not found in the other methods, -
, vant for that reason is a.much more effective

demonstration models. The advisabilit# of using . “*-method of instruction in many situations.

instructional-<dids ‘and demonstraficn models” ;

: =cannot -be overemphasized, particularly when -
the actual piece of gquipment is not ayailable or
Js totally unfit for classroom use dye. to size,
cost, or complexity. -Often times, demonstra-

- tions may be made-clearer through the ‘u§9=of‘
models than with the actual equipment. This is
"especially true in instances involving he givitig
of instruction to large numbers, of men simul-
taneoiisly. They are able ‘tosee the mddel when
properly” displayed, ‘whereas they might not all
be able to see the actual piece of equipment

clearly enough to observe the details. .° -

3

. The first step in setting up any é(fective

N

program of ihstruction in any field js.planning.
R . » ‘,.9 _ SR e :
. o 5 ;_ T ) E:,-z i

The leading ‘ABE will ‘find the discussion

2 .meghod to be-a great help in “getting across” to

a class, or informal group, the knowledge neces-
sary to safely and effectively remove and install
various types of packing. By commencing the
session with a brief summary of what is to

be leained, the instructor sets the stage for .
., utilizing the discussion method of instruction.

He can create trai\nee interest by drawing out

_automatic answers’ to his carefully planned

_questiens on the topic. The leading petty officer
never calls on his students in any set pattern but
at random. This procedure keeps the trainees

. ore alert, as they aré never certain when they

may be called upon to answer a question. .

87 ¢

r wy . o, -

-y

4‘,}\




1
S
"\.
- -, - - r')
t\ ~. s < . N .
1 A

- Chapter 2~TBADING PETTY OFFICERS ' °

" Th;ﬁ{ demonstration method of i;xstructi_on is  ‘experienced man is being closeiy _observed at
probably the most effective method knpwn, work, many of the finer points as well as some
whereby trainees dearn exact methods of per = of the basic points of the performance are

ceeds where others fail, because it attracts;the ~ observe ‘them all; there is,too much to be seen.
attention of -the trainee and arouses his direct An~example of this is a man not familiar with.
.interest. Trainees will. want to try their skill at the dye penetrant inspection watching an ex-
doing the.job. ' AP perienced man interpreting results. He must have
The demonstrationr method may .be: used the techniques* éxplaifled to him prior to com-
effectively in teaching principlestof opefation, mencing the pérformance and 3s the per-
maintenance, testing, inspection, and othet pha- formance progresses. This helps. the trainee
5 ses connected with the equipment operatéd by ~because -“he knows what ‘to look for” and
ABE’s. -Leading petty . officers fmd this an “understands what is going on,” even though he
excellent method in the training of strikers and - < may not be able to see if all..The trainee should
men in the lower rates on how to calibrate gages then practice all phasés® of the. performance

&

using the calibrating instrument. The instructor himself. . ‘

[ A

then lets each trainee calibrate a gage.. Througly, = previously gained knowledge in new situations.

demonstrations the instructor is gble to insure For example, a man who has*worked on one’
that his stadents, are capable of performing the type of arresting gear would find it easier to
,required work in a shorter length of time. | . leam another type ofhrresting.gear than would a

] i s " man Who has no experience in arresting gear at
LEARNING AND LEARNING  ©. > " all. He wouldsbe able to transfer some of his |
PROCESSES ' -2 i earlier learning to, the new situation..The com-

i ponents with which he previously worked and

The inistructor’s role in the leafning process is " those he now uses have something in common.

in the trainee’s mind more effectively and'in a ', leaming has taken place, thus facilitating leam-

shorter period of time. It is-found, however, that ¢ ingin the new situation. - .
" there are certain learning processes which take - One of the most expeditious and effective
~ place in the mind of the trainee yith a minimum , methods of learning is that of learning by doing.
‘. of guidance from the instruc ,.f- Examples oft, This is not a self-teaching method; it requires
_these processe§’ include learning by trial and’ ° that the instructof’s services be utilized. The
error, by obsérvation, by transfer, and by doin s/ -instructor and’the trainee must work together;
The trial and error method lends itself t%‘ “Learning takes ‘place under this method in the
waste of time and energy with respect to; following manner: The instructor first performs -

i

1

!

{
! .
?

tearning. The’ period- of leaming ‘uzder thist © what is to be done and tells the trainee what he -

method is necessarily longer than undér guided’  is doing while he works, Next, .the trainee
instruction. Once an’ eror is. madé in the  attempts to tell what is being done while the
leatning process, progress halts, and a new start!  instructor once again performs the work. Now it

7 must be undertaken. Gross negligence would be . becomes the trainee’s turn to perform the work

* involved in allowing an inexperienced man to and at the same stime tell what he .is..dqing.
' * . attempt to repair a delicate and costly pressure Finally, the traifiee practices what he.has"lea'gﬁeg :
. " .gage, It might even ‘be dangerous to him and ' while the instruictor closely supervises the work.
] "~ others nearby, as well as damaging the gage ; - Leaming by’ doing is the tasic method for
beyond repair. The trial -and egror. method - most types of on-the-job training in the Navy.

" should be used with discretion. ; For example, the leading petty officer has an
Learning by means of observation s infinitely easier time teaching an ABE striker how to

better than trying to”acquire kn‘oyi/ledge by trial ‘ disassemble and reassemble a control valve

y - upd “error. However, there are a number of | . using the learping by doing'inethod of instfucy
e d adVant‘ége/% -this method. Even when an} tion. ConVerse?ly, it is easier for the striker to.
. ) . 3 . .

e

i
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formance in technical work. This methodisuc- missed by the observer. He simply, cannot -°

i

!

1‘ td expedite learning by causing %‘t to take place . -Thérefore, it may be said that a transfef of |
H
{

Rl

i

3 calibrates a gage, showing the pjrocedure..He,’ # ‘The transfer of learning is the reuse of '

.
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lea§m ciisassembly and reassembly of this valve in
é-. inimum of time by working closely with the
?ructor. . o7
L
|

* * :
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QN DITIONS, ATTITUDES,

A‘ND HABITS -
" :

Many factors affect the eMiciency with which
the trainee will learn. The, physical conditions
undef which . instruction is given is a miajor
consideratjott in determining ifs effectivenéss. It
is redsonably certain that a'discussion conducted
by an instryctor would be ‘less than successful
under adverse conditions of temperature, light-
ing, noise, and other distracting elements.

The alert instructor will think of and do
something about ,'the mental conditions and
conditioning of his trainees. He must know how
to cope with the various types of menta
distresses and. take positive action to remedy
them. His appreach to the problem should be
from a sympathetic viewpoint rather than one of
rebuff or anger. . 7

In some cases the*instructor assigns his stu-

, dents specific homework when time d n
-, Permit.afl of the téchmical data t he adequately
" cpvered in-regular study eriods, either ashore or
dfloat. He should test the men perjodically on
is outside work to insusé that they understand
vhat they have accomplished on their own. For
ipstance, if the subject being covered is a
atapult control valve, he may assign outside

" reading in Fluid_Power, NavPers 16193 (Series)
to cover the basic theory. Other areas of theory
ﬁd’ all possibie;practical» work are discussed in

0
&

~

lass s
By questioning the. trainees duririp, the study

riods and giving tests on the areas assigned in .

e collateral reading, the instructor may check

n their study habits and their total progress. He
Jmust constantly review the basic concepts of
_ good work habits’ and stidy habits withethe
" . trainees. Through repetifion, they should be-

me second nature to the trainees.’ -
’A more detailed discussion on the factors
;‘involved in learning and the methods of in-

%fnstructors, NavPers 16103 (current edition).

not
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“PRINCIPLES OF SUPERVISIN

United States Navy Regulgtions (1948) states .
that Navy petty officers “shall aid to the utmost
of their ability, and to the extent of their
authority, in r’ﬁaintaining .good .order and disci-

.« bline, and in all that concems the efficiency of

the command.” This is a major responsibility of
‘the ‘petty. officer. It is likewise a major duty. To
comply with Navy Regulations, a leading ABE
(supervisor) must direct the activities of the men
being supervised in a rhanner to cause them to
take pride in jobs that they have performed well.
"Further, in order to direct activities* com-
petently, it is necessary for the supervisor to
-have a working knowledge of fhe principles of
supervision. Supervision consists .of exercising
Ccommonsense and good judgment, the applica-
.tion of certain basic principles, an understandig
of human n?z:re to the greatest extent possible,
ability to make decisions, the practicing fof-
impartial treatment to all, and an intense {oy; 1ty
to both superiors and the men being supervised.
By the time an ABE becomes a-ledding petty
officer he has already developed many of these
attributes and needs only to concentrate on
—__those few that he ménot entirely gragped. .
The “military an specialty duties and re-
sponsibilities of the leading ABE go hand in
hand. Certain areas of the ABE’s responsibility
are mherent by the nature of his wo , others as
a result of his being a petty officer in’ the Navy.
His duties lie, to a great extent, in accomplish-
ments in the areas of work for which he is
responsible. The leading PO must perform the
related functions of a_military leader and. a
technical man simultaneously. He may not work
at one to the exclusion of the other. The leading
petty officer must know the technical aspetts of
the ABE rating; otherwise his usefulness as a
supervisor and as a technical man will be_
severely curtailed. He must have the attributes
of a gobd military leader; otherwise Jhis useful-
ness as a supervisor and leader will be equaly
limited. Thus, he is definitely limited in<fhe
- fields of leadership and supervision, as well %
his usefulness to the Navy, if for instance, he%s.-
unable to explain the operation of a fluid cooler, *
or is unable to effectively supervise a.group of
men hooking up an aircraft to a catapult.
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By ‘def“iﬁitién, a supervisor is one who is
responsible for and directs the work of .others.
This means that the leading ABE must actually -

. ‘oversee: and instruct “the men under 'his super-
. vision. A mere inspection of the work of the

men under him is not supervision. The function
of supervision is not considered to have beem,
fulfilled until positive action’hias been taken to
jthprove a program, to expedite ‘a process, Or
otherwise to impreve a given situation. The
supervisor has a tremendous job when all facets
are considered. He must satisfy the demands of
his superiors, he must keep his -men busy and
content in their work, and, as a check on
himself, he must constantly analyze his abilities
in the job to determine if he is successfully
accomplishing the goals of an instructor and
leader. g

LY

PERSONNEL RELATIONSHIPS

The everyday ccontacts of the supervisor with

"the men under him and others associated wi

- him constitute personnel'relati&\ships. The lea

.

_ “tacts, as well as trying to maintain and improve

ing ABE is concemed with the everyday c

personnel relationships. He realizes that when

_ the men under his supervision, are ‘generally

satisfiell with their working conditions, a sense
of good personnel relationship exists. Although
this condition exists, ht must strive_to improved
the relationships on a continuing basis. He also
realizes that the manner in which he pprsonally
handles his own contacts influences the attitude

* of his men toward his supervision. It matters not

whether these contacts are on a group or on an "’
individual basts. It requires just as much tact,
interest, enthusiasm, and effort in making one
working contact as in making many at one time.
Effecting good .personnel" relationships con-
stitutes a great portion of the responsibility and
duty of asupervisor and military leader.

One of the factors influencing the supervisor’s .
ability to maintain good personniel relatignships
is the manner in which he gives orders. Quite:
often’ there 'is a failure on the part of the
supervisor to note the close connection.existing
between discipline, cooperation, and giving or-
ders. Orders given in connection with military
drill, etc., should invariably be given in a clear
crisp voice devoid of excitement and slowly

»

/
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enqugh for their meaning to be’ understood

clearly. Orders given to a trainee or a group of
trainees by a supervisor normally take the form
of directions, assignments, requests™for perform-
ance of certain work, etc. The only military
implication in these’ orders is that of obedience
on the part of the'trainee. Otherwise, there is
little similarity in the two fypes of orders.
However, the supervisor must exhibit considera-
tion in anyitype of order that he gives. He must
have the military and supervisory qualities that

will enable him to carry out his duties and .-

responsibilities in the most advantageous manner.
and insure that his subordinates do likewise. .

QUALITIES OF A

GOOD SUPERVISOR '
" To attain m&!! of a good supervisbr, ong

must possess a Nummber of qualities and traits
which directly or indirectly influence the men
supervised. A définite relationship exists be-
tween the supervisor,
leader. Each might be said to ocoupy one point -
of a. triangle; so closely are they related. The

* traits and qualities normally attributed to a .

supervisor are equally applicable to an instructor
or leader. Each employs the same techniques
and adheres to the same principles in a broad
sense. By the fime that the leading ABE be-
comes qualified as a supervisor, he will have
attained the desirable- qualities and traits‘of an
instructor and leader. - B

It is neither feasible nor desirable to;detail in..

A

this manual all of the traits and qualities

intimately associated with the good supervisor,
instructor, and leader. However, it is important
that the leading ABE, through self-appraisal;
constantly remind himself of these traits and
qualities—in order to maintain and improve his
value to the Navy. A review of supervision,
instruction, .and leadership may be found in
Military Requirements, for Petty Officers 1 &C,
NavPers 10057 (Series).” oL

DIVISION ORGANIZATION ;

" Although the organization of a V-2 division

_varies slightly with the type of ship and the

amount of launching and recovery equipment’on

-

. -
- FR)

the instructor, and the  ~
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boardy thi§ chapter covers the fundamental setup
for a gVA. You will see that we go into detail
“only in\the functions-of the V-2 division officer,
leading ‘chief, other chiefs assigned, and the
leading petty officers. In later chapters, the
duties of the- other men assigned- to* a -2
“division are broken down. ~ |

To get a better idea of thé function of a V-2

-~ diviston the following is quoted:

“The mission of the V-2 division of the air
department is to conduct launehing and landing
operations and- to operate and maintain the
catapults, arresting gear, and wisual landing aids
so that ‘the embarked
-detachments can most effectively conduct air
operations in the application of their .military
potential,” S "

~y

-

V-2 DIVISION OFFICER

The basic functions of the V-2 division officer
are the supervision of the operation and upkeep

of the ship’s catapults and-arresting gear, and,

directing operations in the Fly Ong area during

flight quarters. He has cognizance over catapult. .

and arresting gear personnel. He also perfprms
the functions of arresting gear officer in the
absence of an assistant catdpult and arresting
gear officer.” Other duties and responsibilit,ies are
to: N PR A .. . , ) . .

1. Supegyise the operation of the catapults
.in the laanching of aircraft as follows:

a. Designaté catapult . pressure/constant
Steam valve (CSV) setting to bg used during each
launch arid such changes in pigssures as may be
required during launching opesations.

/f‘*—’vfb: Supervise the spatting of aircraft on the

catapults. .  _ - .
c. Check catapult hookup and aircraft
alinement, .. .
d. Visually check airciaft to insure that
wing flaps are iy the desired position and wings

*. locked in position. . . A L
’ e."Give the signal for firing the catapult _

. after ascertaining that the pilot, aircraft, and
gatapult machinery are in all regpects ready for
the faunch. =~ 1 .

2. Insure that safety precautiéns are ob-
‘served by catapult personnel in the launching
area and catapult machinery spaces.

IToxt Provided by ERI s

ircraft ‘squadrons "and *
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" 3.°Ifisure the readiness of catapult engines,

Controls, and other pertinent apparatus by
' médns of frequent tests and inspections and by

insuring that necessary repairs and, preventive

‘maintenance procedures are performed.

. 4. Initiate action in. case of crash, firg, 'or
~other damage forward on:the flight deck until
relieved. by the flight deck .officer, or aircraft
.Crashdfitl salvage officer. .

5. Insure the upkeep of spaces and shops
assigned to catapult and atresting gear, inctuding

. the pbsting and enforcement of operafing in-
structions and safety precautions.  _. .

+ 6. Insure that spare parts required are req-
uisitioned, and sign the requisition form. .

7. Insure: that logbooks and reéords are
maintained and that pertinent information, is
properly recorded-and reported as required by
higher atithority. . ., - :

8- Maintain current files of pertinent publi-
cations,” bulletins, operating instrucfions, and
other directives of higher authority. *

-9. Supervise- the .training of assigned per-
sonpel in the operation and maintenance of the
catapults and brief all pilots on catapult; proce-
dures. . . .

10. Request permissiont of thé air officer or
primary fly control to awtivate or deactivate
catapults. o

11. Act as division officer in the administra-

“tion of the V-2 division. * . .
12. Prepare requjsitioris for general supplies
and material for transmittal to the aircraft
handling offigei'. : y o ’
13. Insure the preservation and cleanliness of

. assigned spaces.c .. ;
14. Perform §uc]1_ «Gther duties as may be
< required. *° . - . . }

LEADING CHIEF PETTY OFFICER - .

2 The leading CPO has authority over all en-
listed"personrfel of the, V-2 division and insures

~ that the material upkeep and maintenance of the
arresting gear and catapuM systems aré properly
perforied. He is al$o responsible for the.cleanli-
ness of the spaces assigned to the division, fo
conform with the high standards éstablished for
the ship. The leading CPO is the senior CPO of
the division. All other CPO’s of the division ‘are’

" subordinate to him,

. \ N *
16
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Specific dutle;;ue to:
1. Pursue a vigorous training program in

-+ ‘policies.
quired. , >
3. Control the personal appearance of all
‘personnel of the division.
4. Muster the division daily and make* a
report of this muster to the division officer.
5. Maintain an up-to-date watch, quarter,
and station.bill for the division.
6. Supervise the upKeep, repair, and clean-
. ingof all assigned spaces and machinery.
7. Recommend to the division officer the
assignment of men to billet numbers.
8. Screen special requests and indicate ap-
proval or disapproval in the prescnbed form.
. 9. Assist the division officer in the, prepara-
"tion of reports of Enlisted Performance Evalua-
. tion (NavPers 1616/5 for personnel assigned to
-the division in pay grades E-1 through E-6, and
NavPé‘fv 1616/8 for other CPO’s a’s’sxgned to the
division).

10. Advise the d1v1s1on officer of the need for
an extension of the normal working day, when
necessary, m order to maintain material upkeep
and cleanliness of his spaces, to conform to
division standards.

11. Disable vital machinery only after permis-
ston has been obtained from the division officer.

. 12. Perform such other duties as directed by
proper authority.

Other CPQ’s are assigned to the V-2 d1v1sxon,
depending upon the total number -of catapults
and arresting gear units installed aboard ship.

~ These CPO’s aid the leading CPQ, in all of the
" above duties and one of them acts as the leadmg
CPO i in his absence

LEADING PETTY OFFICER .

The leading petty officer is primarily .re-
sponstble for the administrative functioning of
the division.- During operations, he aots as a
roving supervisor to coordmate the activities of
the entire division.. The leading petty officer is
the senior officer. (other than CPO’s)
assigned to the divisfon. All other petty officers
are subordinate to him,

accordance with departmegtal and d1v1510na1.

* " Chapter 2-LEADING PETTY OFFICERS ‘ '

.- 2. Maintain logs and-vsubmlt repofts as re-

The specific duties and responsibilities of the
leading petty officer correspond closely with
those of the leading CPO. These duties may be
considered to be performed on a more personal
basis, in that the leading ,petty officer deals
directly with the junior petfy officerd and men
in the dlvxsxon, and serves_as liaison between
them and'the leading CPO. :

Some of the more important responsibilities ~

of the leading petty officer are the maintenance
of the training program; enforcement of safety
regulations; and the upkeep of ' the division
watch, quarter, and station bill. The leading
petty officer also prepares the *division daily
_watch list and insures that all personnel standing
the aviation security watches are properly quali-

fied. : ) 5
OTHER ADMINISTRATIVE,
PERSONNEL

Other key billets of a V-”"dmswn include the
education and training petty officer, the safety
petty ofﬁcer, the damage control petty officgr,

A

and the police petty of-ﬁccr These billets are .

generally filled by ABE2’s and  ABE3’s and may
be assigned as collateral dyty. When assigning
personnel to these billets, the sénior ABE should
choose the most qualified?personnel available
and insure that they are propetly trained and
checked out in their assigned duties. This helps
assure a smooth-running d1v1saon and relieves the
senior petty officers of many small details in
order that their attention may be directed to the
more unportant duties.

0
1

GENERAL SAFETY PRECAUTIONS .

-

—
Safety in itself is a subject that covers Just

- about every phase of the ABE’s work. Safety

must becore secd.nd nature to a man working

around lauhching and recdvery equipment. It

‘makes no differénce - whether he is working

~17'

above or below decks; mary lives including his
own depend
does his assigned\task.

The following are consxderanons and practices
that are fundamental to, a good safety program
for aircraft launching and retovery personnel”

1. Use tools properly. For many years special
tools have ‘been designed for speciﬁc catapult

- ?.2)

=

how thoroughly and safely he
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repair JObS At the present time more and more
special tools are being designed and used for the
repair and maintenance of both catapults and
arrestmg gear. These tools have frequently re-
-sulted from problems' met and ideas conceived
- by ABE’s both ashore and'in the fleet. They
were designed to make it easier to do specific
jobs properly and safely. Use them. wisely—usg
these tools for the jobs for which they were
designed.

2. Many jobs done by V-2 personnel are done
under less than ideal conditions; however, no
matter what the job is, safe working conditions
can be set up. Itis your responsibility as a senior
petty officer to insure they are set up and
followed. In seeing that safe working conditions

“are carried out, always keep a close’ watch on "

men performing hazardoys jobs, for fatigaé is
.-always a problem in carrier operatlons there-
fore, be .alert for its first symp;oms No matter
how good your safety program is, the physical
¢ondition of the personnel doing the job must
always be taken into consideration.

3. Insure that the proper uniforms are worn
on the flight deck, including helmets, goggl&s,
sound attenuators, and life jackets.

n.{ orcement of all safety precautions on
the fhgh deck is a major responsibility of senior
petty officers. It should also be. kept in mind
that the accident potential is greatly increased
dunﬁg periods of darkness. Inexpenenced per-
sonnel should hot. be used for night operations
until they are thoroughly familiar with daytime
. operations.

S. Insure that all mamtenance and repair

. work is- done correctly as prescribed in the

applicable MRC or maintenance manual. There
are many publications that can be followed so
that a job can be made easier and safer.
Maintenance manuals are always helpful. Also,
catapult and arresting gear repair procedures are
prepared by the Naval Air Engineering Center to
show methods of repair for specific pieces of
launching and recovery equipment. Study these
publications and make application of the in-
formation contained *thérein, for it will save you
time and effort, and will get the job done safely.
As a responsible petty officer, you should make
these and other suitable publications available to
your men to assist them in the job of maintain-
ing their equipment in fthe best condfhon possx-
ble. .




A supervisor is one who is responsible for and
directs the work of others. When ypu first
. became a petfy officer you also became a

supetvisor. As you advance up the ladder in the
" chain of-eentmand you will be” responsible for

the supervisient of more and more men. You will
flot only. be responsible for the supervision of
the men assigned to your division or crew, but
will also plan, organize, direct, and coordinate
the many jobs ABE's are required to perform.

How well a petty officer plans and .distributes

:the work load within the scope of his responsi-
. bility is a détermining factor in analyzing his
ability as a sgccmsful supervisor.

-

MANAGEMENT OF SHOP
AND PERSONNEL
. X .
As an ABE1 or ABEC, you will have increased
supervisory, duties which require greater knowl-
, edge and ability in administrative duties and
. procedures. The jab of supervising is a miny-sid-
ed task. It involves the procurement of equip-
ment, repair parts, and other materials, planning,
.scheduling, and directing work assignments,
marj}ammg an adequate file of applicable tech-
publlcatlon§ maintaining required logs and

L]

*follows:
1. Ge‘ttmg

records; makmg!‘reports and carryng on an

‘ 3.. Preven accidents and controlling haz-

ards. .

4. Keepinginorale at a high pitch. -

5. Mamta.l g quality and culantlty of work
accomplrshed 1 N

6. Maintairithg accurate and up-to-date rec-
ords and‘report% -

7. Ma.mtammg discipline.

) ¢
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.CHAPTER 3: =~ -~ 3
SHOP SUPERVISION AND ADMINISTRATION

8 Planmpg and scheduling work
"9, Procuring ‘tools and equrpment to do the
work intended. .

10. Grvmg orders, making dec1srons

11. Checking and inspecting work.

'12. Promoting good teamwork.

* Some of the above techmques will have been
learned through past experience; others will have
to be learned during the actual supervision df
the division. Sfill other techniques may be
Jearned  from self-study _courses and technical

. publications. The purpose of this chapter is to

acquaint the new ABE1/ABEC with some of the’
more important aspects of supervision.

Briefly, the oBjectives of shop supervision are
as follows: -

1. To operate with maxrmum efﬁcxency and
safety.

2. To operate "with minimum expense and
waste. .
3. To operate free from mterruptron and

difficulty. .
Personnel  who are under your supervision
must always be made aware of the dangers_

" involved while workmg around the machmery or

the aircraft aboard a carrier. They must move
quickly, efficiently, and safely

While these are the primary objebtlvm of
supervision, it is well for-the ABETNor ABEC
who may be, assigned these duties to keep in’
mind the fact 'that his; _gssrgnment is important to -
him personally. It affords him ant excellent
opportumty to gain practical experience toward
eventual advancement to ABCS and ABCM.

A supervisor should- know- his men’s limita-
tions and capabilities in order to get the most

_ wotk out of them. He should utilize the

capabilities, of his best men in a twofold manner.

If at all possible he should assign a well-qualified

man to do a certain job and add to the team

other individuals whq are less qualified, but who
- &
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" are professiorially;ieady for advanced 'on-fhe-job'\ "

training. oo "o .
" The supervisor must;_apticipaé the e}entual
loss of his most expefienced workers th ough
transfers, discharges, etc., and offset this by the
-establishment of an effective and continiing
training program. In addition to raising the skill-
level of his division, the training program will
insure that personnel, otherwise qualified, will
- be feady for the advancement examination.©
A’ safety program must be organized
administered if the division is to function,

efficiently. Current Navy directives and Jlocal -

policies are quite specific as to the establishment

of safety training’programs. -~ .
The keeping of accurate and complete records
. is another facter in the efficient operation of a
division. This in¢ludes, records of usage data,
work accomplished, and personnel progress. The
*most efficient recordkeepirig is one who has
"énough records Wwithout having his files bulging
with useless and outdated material. ' . Lo
The supervisor has' responsibility for ordering
and accounting for spare parts and material. He
must impress upon his men the need for being
thrifty in thé use of these materials. The
efficiency of any operation is directly related to
+, the relative expense involved. There are many
ways to economize, and the supervisor and his
senjor petty officers should always be on the
alert for:opportunities-to point out these ways
to the less experienced individuals. )
Methods of avoiding waste and unnecessary
expense should be “included in the training
program. , )

MAINTENANCE SHOP

3

.

¥

A smoothly run maintenance program de-
. ¢ pends largely upon the extent to which the.
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accomplishment. It is primarily a means of

.relieving the supervisor of details. A supervisor -

who allows himself to become too involved with
details loses his effectiveness as a supervisor.

A system of stowing tools must be devised.
An efficient system cannot be set up without
first determining from allowance lists what tools
will be required+for satisfactory operation of the
sitop. The place for all tools should be marked
or otherwise specified,. and those not being used
should be kept in that place. .

The shop layout plan should make provisions
for an information or bulletin board upon which
may be posted safety posters, maintenance
posters, instructions and notices, plans-of-the-
day, and Such other information as is appro-

" priate. The bulletin board'should be located in a

3

mainteriance shop filés and equipment are main-
tained. Equipment in good working order, tools

in -good shape and of the’ proper type and
quantity,” and an 'up-to-date file of applicable
publications are all important factors-indicating
a smoothly run maintenance.shop. s .
¢ shbp functions may be“further smoathed

. by the judicious delegation’ of authority to
+ individuals next in seniority to the supervisor.
The delegation of authority does not relieve the

" Supervisor of the final responsibility, for work

H
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prominént place in the shop, preferably near the
entrance where everyone assigned will have to - -

" pass it at some time during the day. Material on

the bulletin board should be changed freqla;ently,
expired notices’ promptly removed, the éurrent
plan-of-the-day posted early, and other posters
and material rotated periodically. If the same
material is presented in the same format every
day, it will not be long before the men begin to
ignore the bulletin board and the purposes for
having it will have been defeated. New arrange-+
ments are noticed and interest is stimulated with-
variety. - .

. n :
PERSONNEL WORK ASSIGNMENTS

Work assignments should be rotated so that
each .man will have an opportunity to develop
his skills in.all phases of the ABE work. When .
assignments are rotated, the work becomes more
interesting for.the men. Another good reason for
rotating work assignments is that if, one. highly
skilled man performs all, the work of a certain
type, the supervisor and the division would be at

~a great disadvantage in 4he event the man is

transferred. Léss experienced personne] should
be assigned 10 work with, him in order to
become proficient:in his particular skill. Also, to - -
broaden his knowledge of his rate, the expert on
one job should be rotated to other tasks. This
will thake him mofe valuable to his division and
to the Navy in general. oL . .
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Strikers should be assxgned to vafious tasks so
that they will:acquirg experience on all kinds of
jobs. A spécial consideration for, the assignment
of strikers to jobs is-that they should be assigned’

" progressively: -to jobs of ‘ascending levels of |

difficulty. A stnker may 'be a useful assistant on

oa comphcated job;but he may'not understand

. what he is.doing unl,ess he has worked his way
up from basic tasks. ‘ ‘ ~

L
ALLOWING FOR PLANNED
INTERRUPTIONS ~ . -

Dunng an average wo:kday; occasions w1ll
arise when personngl have to legve their working
spaces for, one reason ot another, thereby
delaying the completion of the scheduled work.
Some delays can be anticipated, some cannot.
Among the delays which can be_anticipated are
training lectures, immunization schedules, flight
operations, rating examinations, meals and
watches or other military duties.

Befpre making personnel work a.ss1gnments '

the supervisor shoyld determine what delays can
be anticipated. It may be. possible to arrange
assxgnments so that wozk interruption is he¢ld to
a minimum. When estimating the completion
time of a maintenance ta.sk the supetvisor
should allow for these predictablé delays.

Ts

INSP’ECI'IOEN (_)F,(EOMPLETED WORK

All work completed’ by the division'is subject
to mspectlon This fact in no way relieves the
supervisor of the responmbxhty for checking on
the quality of work accomplished by his divi-
-sion. Frequent inspections should be made
~ during the progress of the Wwork as well as after

completion. The supervisor’s inspection should
provide affirmative answers to the followmg
questxons Ce, .

1. Is the work bemg done according to
currént directives?

2. Do the matenals used conform to specifi-
cations? -

3. Is the job completa in all respects?

4. Does the workmanship measure up to
- desired standards?

\l—-
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SETTING UP SAFE '
WORKING CONDITIONS

‘- hd
© . .

Operational readiness of the maximum num-

ber of catapult or arresting gear engines is
. necessary if naval aviation is“to successfully

perform its mission. Keeping all machinery im
top operating condition is the principal function

of Aviation, Boatswain’s Mate E personnel. Itis "
" essential that maintenance work be performed

without injury’ to_ petsonnel ‘and damage to
equipment.

Maintenance is, to some extent naturally
hazardous due to the nature of the woik, the
equipment and tools involved, and the vdriety of
materials required to perform many repairs and
maintenance functions. Factors ‘which can func-
tion to increase or decrease these hazards are (1)

assigned personnel, and (2) the quality of
supervision of the maintenance tasks. Thorough
indoctrination of new personnel and a continu-

. mg safety program are the most important steps

in mamtmmng safe working conditions.

The ,concept of maintenance safety should
extend beyond concern for injury to pefsonnel
and damage to equipment. Safe work habits go
hand-in-hand with flight operation safety Tools

“the experience levels and mental attitudes of

left adrift, improper torquing of fasteners, and |

poor housekeeping . around machinery can cause

conditions which max tlaim the lives of person-
nel as well as cause strike damage tO aircraft.
Safety in machinery $paces is equally ‘as impor
tant as safety on the flight deck.

While the increased compléxity of our mod- .

em equxpment is a factor,
number of accidents and incidents are die, not
to complexity of equxpment, but to lack of
supervision and techmcal knowledge. Many mis-
takes are simple ones in routine maintenance.
Safety in mamtenance depends largely upon
the supervisory personnel. The standards of
quality which they establish are directly re-
flected in the quality of the preventwe mainte-
nance. The-primary duty "of the senior petty
officers is to supervise and instruct others rather
than to become .totally ossed’ in actual
production.” Attempts to perfo“n%‘l:oth functions
invariably result in inadequate supervision and

itis noted that a large -

¥

greater chance of error. Supervisors must exer,.,
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Ement when igning perSonnel
JObS Con deranon must be

glven to each man’s exper ence, tramm{g,,and

Sometimes oyerlooked na maxntenance pro-
gram_are the' considerations generally grouped”
under the term “hurhary factors.” Thesé factors .
they determine’ if .an

work safely and _Wwitly quality.. Superv130ry per-
sonnel should be co stantly aware of conditions .
such as general héalth, “physical 'and' mental °
fatigue, unit Ynd i {dividual moralg; ,™raining and -
expetience levels f perso;mel and other condi-
tions which €an contribute in varying degrees to _
unsafe, work. Nof only is it important that
proper tools, protective clothmg, and" equipment
are available for use, but also the msrsteérce l;y

" mdintenance supervisors, that. they arg’ used is of

utmost importance. For example, maintenance
personnel are sometimes ne'ghgcnt in the wearing
of sour'd attenuation devrces in high noise areas.
) Technical- knowledge also plays a large part in
a good main tepance safety program. The_com-
plexrty of our modem eqyupment demands the -
attention of well-informed and expert mairite-
nance personnel otherwise, the machmery can-
not be operated and maintained properly Tech-
nical knowledge is a function of education and
training which, ipcidentally, does not.end with
graduation from Class A school: Graduation is
anly the beginning Any ABE worthy of the
fating is continually training and learning
through sélf-study and appllcatton and through '
4 personal desire for proficiency and self-better-
ment. Techinical knowledge by itself is not
sufficient, but must be coupled with gpatlﬁca
fion and keen satisfaction in doing b well.
The ABE who wishes to contribute to safety and
rehabrhty improvement must know his job fand

* . must develop professlonal pride in the quality of

his wor,
It is\a contmumg duty of every perso*t
" connéctéd with maintenance to try to discover

- and eliminate unsafe work practices, Accidents *

. which are caused by such practrces ma

ot take
place until' a’much later date -and th severity*
cannot be predicted. The consequences may
range from sxmple matenal faxlure to a major
accrdent resultmg ln serious .injuries or fatalities.

' Spilted " «il,

There ‘are several ‘areas in which, the shop
supervisor ,can ‘éffectively work to minintize .
accidents dug to maintenance. Among these are

contmmng mspecnons\of work: areas, tools, and -

equipment, organization and adnumwanon of
Sufety proggams, correct mterpretatron of safety -

* directives and” pfecautions; ‘and
“imaginative enforcement of them. - ', -

. INSPECTION OF WORK AREAS," ]
_TOOLS, AND EQUIPMENT _ PR

~

Most acc;rdents can be prevented if the full

) cooperanon of persorinel is gamed and\ugllance

gs exercised to eliminate unsafe acts. The super-

visor should djligently mspect work areas, tools, )
_.and equipment to detect potentidlly’ hazardous _
and unsafe conditions “and takaréf)propnate
" corrective achon. The. ABE may be working in,
the shop, . in the machinery space, or on the
t.deck— all of these areas should be included

the supervrsors inspection. He shoudd check .
for exXplosion and inhalation hazard's “due to
improper vennlatron of worklng spaces, or care-

less rangling of materials.

Fire hazards present anotker senous problem
“*No Smokmg rules shoulel e strictly enforced.
grease, and chemlcals should be
wiped up promptly, and all rags used should be

disposed of in approyed containers.

Handtools should be in good shape,~ of the
proper type, and used,\only for the~purpose for
whrch they were designed..,,

Insure that equipment is operatéd only b’y
qualified personnel, and that safety devices and
gyards are installed and in good condltron The

) equlpment should also be inspected for - broken
or damaged components. Check to.see that

-

' perrodrc maintenance, servrcmg, and/or calibra-

tion are performed as requiredl.

i

. .
l < e
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* . . L e ,y’
ORGANIZATION AND - b
ADMINISTRATION OF - ;o .
SAFETY PROGRAMS R

. In accordande with the Navy policy of con-

! servmg manpowdr and material,-all naval -acfivi-
ties are required tp conduct effectrve and

" uous accident pr entlop programs. The

energetic and
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zatlon and admxmstratron of a safety program )

are part of the requirements of the supervisor.

The safety_program must be in accordance with |

. local instructions and based on information
contained- in official .United- States Navy safety
precautlons .Work .methods must be adopted
which do.not expose personnel unnecessanly to
nuury or occupa&onal health hazards. Instruc-
tions in. appropriate. safety _ precautlons are re-

_ quirpd and disciplinary action should be taken in
cases of willful vxolaﬁons

The shop sa'fety program wﬂl genenalb? in-

most important safety® precaufions. in appro-
pnate places, the. incorporation of safety lesSons
- il the formal training program, and frequent
*"checks for understanding during the day-to-ddy

* = supervision of work
Posted saféty precautions are more effective if
. they may be easily complied with. For example,
‘asign on a tool grmder reads “goggles required,”

so one or more pairs of safety goggles should be-

"hangmg in close proximity of the rhachine.

-
&

shop shoufd be backed up with readrly available
» aproms, gloves, shields, etc.

- Fixed posters and signs should be-~ renewed

’

- "frequently. and not’ ‘allowed tc become rusty,’

. faded;, or covered. withy dust and dirt. General
- » places should be rotated often 10 strmulate
interest. *

. The formal safety trainihg sessions should'

utilize films, books, visual aids, or any other
“suitable technical matenal The men should be
told ‘more than just what to do or what not to
do. Each safety subject should be, explained in
detail. Causes of aceidents and contributing
factors should be reviewed and analyzed. Many
%ood ideas. for accident prevention.have been
eveloped in training Sessions devoted to such

- analysis.
An extensive series of lessons may .be de-

. -

-

- .
~

veloped over a period of time as latent hazards °

are recogpized.- The dramatization of the results
of unsafe acts around catapults and arresting
gear is usually a very effective method of
emphasrzmg the danger of such acts. This will
aid. in keeping the sessions interesting while
avoiding too frequent repetition.

wolve three areas of attention—the postmg of the °

“Similarly, the protective clothing poster in the

»

It may be well to mentron the new man int the
division at this point. A separate safety indoctri-
. nation lesson which covers all the maJor hazards
, of the work should be given to:a new’ man as
soon as he reports for work. No supervisor will
eXpose the new man to air operations wrthout
pomtmg out the dangers involved.

In the third area of safety program adminis-
tration, followup, tire supervisor will do well to
delegate guthority to his subordinate -petty
‘officers to assist him in monitoring the progrart.
Also included in the followup area is the
responsxbxhty of the supervisor to mquxre as
quickly ahd thoroughly -as possible into the
circumstances of accidents and reports of unsafe
* practices’_ followed by <appropriate actlon to
correctany deﬁcrencres‘ uncouered )

* TECHNICALPUBLICATIONS
.Technical publications used vy ABE’s in the
operation, inspection, and maintenance of all
launching, recovery, and related equipment are
published in two forms—manual type publica-
_tions and letter type pubhcatlons It is extreme-
_ ly important that. senior ABE’s know how to
supervise the use, filing, and mamtenance of
these pubhcanons

LETTER TYPE‘

-

safety posters on ‘bulletin boards and other’

The . letter type technical "publications of
interest and of prime céncern to the ABE are
Launching Bulletins, Recovery Bulletins, Service '
. Changes, Service Bulletins, Catapult Repair Pro-
cedures, and Recovery Equipment Repair Proce-
dures. These publications are prepared by NAEC
(SI), Philadelphid, and subsequently distributed
by Naval Air Systems Command (NavAir-
SysCom) to all ships, stations, and units having
need for them. A list of those bulletins and
changes in’ force is provided in_ the Slups
Installations section of letter publications in the'

 :most recent issug of NavSup'Publication 2002,
Section’VIII, Part
In ‘addition, Type Commanders ‘issue Aircraft
Launching and Recovety Bulletins. These bulle-
tins set forth increased maintenance/operations’
procedures They are issuéd as a result of an
accident/incident, covering, areas not clearly
defined in operatlon/mamtenance manuals

-
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In short,” there are apphcable letter type
technical publications concerning all aspects of
the equipment related to ABE’. Every effort
shou be made by the supervisor to acquire and

in a complete’and up-to-date file of these
pubhcatlons concerning the eqmpment under hxs
cognizarnce.

Descriptions and ﬂlustratwns of the various
letter type-publications “6f interest to the ABE
\ are presented on the following pages. .

Recovery Bulletins

Recovery bulletins are published to funnsh
the governing instructions for recovering air-
craft+ All arresting gear officers must be
thoroughly familiar with the contents of all

P

. :'A}i"rc\raft Lappching

_recovery bulletins pertaining to their particular-
equlpment Senior ABF’s should also be familiar |,

with the mformatlon found in recovery bulle-
tins. There are recovery bulletins covering land-
ing operations with Mark 7 Mod 1, 2, and 3

arresting gear, and also bulletins that glve in- .

structions for operations using the Fresnel Lens
“Optical Landing System or thé Manually Oper-
ated Visual Landing Aid Systgm (MOVLAS)._

Some of the information found in recovery
bulletins for shipboard arresting gear is listed
below . (See fig. 3-1.) The{samp]e aircraft bulle-
tin shown in the figure is an actual Mark 7 Mod
1 aircraft recovery bulletin, and is included in
this manual for training purposes only. During
recovery operations, refer only to the current
recovery bullgtin that is applicable to the equip-
ment being used. Data of the followmg type can
“be obtained.

1 Aircraf; model see’column 1 of f igure 3-1.

2 Actual ¥rcraft landing weight in pounds.

3. Recommended  airspeed of the mp-
“proaching .aircraft in knots. (Note that the
recommended approach airspeed is different for
the same aircrdft-at different weights)

4. Columns 4 and’ 5 show the maximum
engaging speeds of aircraft .and the recom-
,mended recovery headwind (RHW) for the
"speeds in column 3 when operating with a

4.0-degree glide slope setting.

" 5 Columns 6 and 7 provxde the same infor-
. mation as columns’4 and 5'fgr operations when
" a 3.5-degree glide slope setnn} is used.

EKC T e

- T

NOTE The maximum engagmg speeds in
columns 4 and 6 are for deck pengdant arrest- °
ments; colury 8 gives the maximum engagmg
speeds for barricade arrestments. - .

6. Arrestingsengine control valve settings for
pendant and barricade engines.

\

1
I

7. Special conditions. What action is to be _'
" taken when an adverse condition arises.

~

lletins

The putpose of the Aircraft Launching Bulle-,
tin is. to set forth uniform instructions for.
launching with- safety within the performance
capablhty of the aircraft and the catapults. The
bulletin Establishes the MINIMUM conditions
which” must exist prior to.the launch. These
conditions ehable operatlonal commanders to
know the ultimate capablhty of the launch, and
to piovide.a measure of safety involved in
launches made above minimum conditions. Ev-

_ery known precaution has been included.

,insure additional safety, operations should

ways be conducted above minimum conditions
whenever possibie.

Aircraft launching bulletins’ contam the gov-
erning instructions. for launching specified air-
craft from specified catapults. An aircraft.
launching bulletin does .not authorize the
laugching of aircraft, but sets forth the mini-
mum conditions under which the aircraft can be

* launched when authorization is received.. Au-

thority to launch and other restrictions for
launching aircraft are found in the applicable
flight manuals, Adherence to the provisions of
both aircraft launching bulletins and flie
uals is mandatory for, safety of operations, and
an activity must consult both documents prio
to commencement of aircraft launching.

A numbenng system is used_{q,.il.‘erntify
aircraft launching bulletins. Some craft

" launching bulletins pertain to a specific type

catapult or -type catapult and ship. The number
preceding the dash is the type catapult designa-
tor. For example, an aircraft launching bulletin
with the identification number 6-13, pertains fo

) almost all C-11-1 catapults; exceptions are the
few that differ in operation from all other

-
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N . PE
. 4 - AIRCRAFT ENGAG!NG SPEED LIMITS .
. MQRK 7 MOD | ARRESTING GEAR 95' SPAN WITH OPERATING DECK SHEAVE DAMPERS .
" B —_— s
- ' b2 ol TYPE OF ARRESTMENT : DECK PENDANT BARRICADE
‘ GLIDE SLOPE SEXT - 4.0 DEGREES 3.5 DEGREES _—
. — e
T acruan ] wooll MAXIMUR fuonelin sav]  rrmossisce
AIRCRAFT AINCRATT arroicx | ENGAGING EXGAGING |xrcommpen ] TNcAGING SPEXD
(10:0 wotra ‘| | SPLED | IOR SPEe)] SPEED | won S A
‘ . P RE T I UL TT T Aifbowven IR LL LTI s T e
- L)
ooL. 1 CoL.2 | O3 § ooL.4 oo s i om.6 | R 7 L. 8 -
s A-3 Series Upto 47,000, 128 110 18 fp | n 100 keots
v, - upto
47,100-50,000] 132 114(Cn 22 nom - | « 22 50,000 Ib -,
. Up o 12,000 | 120 109(B) T 108(8) n 108 knots
A-4 Bories 12,100-13,750} 127 114(A) 13 114(A) 13 upto
. - 13,800-14,500] 130 113(A) 17 113(AD a7 14,500 Ib -
\ . @
. g Upto47,000 | 143(F) 1058 38 105(R) .38 - . \
. .| RA-SC : -l . ® \ -
. - 47,100-50,000f 148(5) | 1059 A3 105(AT) 43 )
| A-t Beries Upto 30,000 | 109 88(L) ) N 105 knots
Y T.O.Flape/Slats | 30,100-33,500] 115 88(Ly 27 88(1) 21 upto -
o Extended, 23,600-36,061} 120 ~ @ o4AT) | . .28 AT § 28 33,000 Ib
) T 7 110 knots
i . A-7 Berles Upto 25,500 | 135 125(D) 10 125, ° 10 up to
- - - 25,300 1b
. g n' 1
- ’ - N - *§ eskmote
C21A Beries Upo 24200 | 93 85(A) e I 854 8 upto
i ’ .o 23,500 Ib s
. - . : Upto 40,000 | 9% 10 19 400 19 .
¢ c-2A - ®
o 40,100-48,000} 105 21(A) 2 B1(A) g -
‘ . l = S
- 85 koot
E-1B Upto.28,200 | 95(G) 82(A) 13 82(A) .18 - upto ‘
‘ T ‘ 24,700 b ® -
’ .
- . Upto3a,000] 95 74Uy 21 74(V) 2 )
LT h Be2A/-2B - O B - ~ )
- -1 39,10041,2000 99 74(A), 25 74(A) 25
I . - | uptoss,000 | 140 10204 38 10200 | 8 105 knots - N
- , ' P-4B Series T - . » up to
- 34,100-38,000] 148 106040 2 106M0) | 42 33,000 Ib
, . P
. - P-4B Borles Up to 34,000 | 131 _19206) .29 10204 . 2§ 10:::9 . . .
. 2 Wit APC-218 34 100-38,000 | 139 108400 | "33 [ r0spmy | 33 33,0001 - . )
. 'S As6 Sertes Upto26,000{ 133 | 88(H) 45" ssE) | 45 105 knots* .
‘ - NO FLAPS/ . Lo : : _upto
) . NO'SLATS -  |28,100-30,000[. 138 8800 50 _se(m s0 “f 33,0001 -
A1 Berles . 1okoots |
FLAPS UP Upto 25,300 | 164 125(D) 2 125(D) i3 wpto
. L X . . . 23,3001 - "] - 7
2 ! : : N _
P Soried Upto1s,000 | 184 || 111@) e | e || 1160mon .
INCIDENCE 19,100-22,000] 164 128) ) 1250 - | .39 [ wpte
R DOWN 22,100-243000 1m 126DK) | _45 1280 | T 45 < 22,0010
. : _ . 3 AB.320 3
: . Figure 3-1.—Aircraft Recovery Bulietin -
”
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{AY Maxnmum engaging speed limited by alrcraft arresting hook strength. . ”

, (B) Méximum engaging speed limited by atroraft limit horizontal drag load factor {mass item limit "G").

() Maxnmum engaging speed limited by airéraft landing gear strength. .

(D) Méximum engaging speed limited:by a estlng gear capacity. . ’ ,

(E) Emergency recovery of aircraft with s gear not recommended.

{F) Recommended approach speed based o 1 40 degree flap satting. For 50 degree flap semng subtract 5 knots from

“  recommengded approach speed and mlm;um recovery head wind.

(G) Single engine approach speed has been recommended to maintain control and pfovnc!° wave-off mpablhty in the
event of engine failure during the approaeh However, normal twin engine approach alrspeeds specified in NATOPS
Menual are permitted when operational cbmmltmems demand. -

(H) Maximum eggaging speed based on a control valve singlé’weight setting. Maximum permissible engaging speed is
104 knots up to 28,000 pounds and ‘wgknots up to 30,000 pounds when control valve is set to actual mrcraft
gross landing weight

{1} Incorporation of ASC No. 191 is mandatory for mcdels A-4B/-4C for gross weights between 13,750 ang 14 500
pounds. )

1)} Incorporation ofcomplete AFC No. 117- n?andamry for maximum arrested weight of 50,000 pounds.

{K) Maximum engaging speed based on a co trol valve single weight setting. Maximum permmuble engagmg speed is 89

# knots when control valve is set to actual ?m:raft gross landing weight.

{L) Maximum engaglng speed based on a control valve single weight setting. Maxlmum permissible engaging speed is
100 knots up to 30,000 pounds and 93 knots up to 33,500 pounds when control valve is set to actual aircraft gross,
landmg weight.

(M) Maximum engaging speed based on a control valve single weight setting. Maxnmum perm&lble engagmg speed is
118 knots up to 34,000 pounds and 110 knots up to 38,000 pounds when control valve is set to actual aircraft

- gross landing weight

, (N) For F-8D/E with ASC No. 439, and F-8K/L, the maximum arrested landing weight is 22,500 pounds. The

maximum arrested landing welght for the F-8J with BLC off and the F-8H is 24,000 pounds.
(0) Total fuselage fuel for carrier arrested landings. shalfi,not exceed 5,100 pounds. AFC No. 230 must be incorporated
for arrested landlngsabove 34,000 pounds. 3
(P) Maximum arrésted landing weight for dircraft ymhout wing tanks with full internal and no tip tank fuel is 11,174
pounds. Alrchf!,swld'l wung tanks wnd‘kﬁd! lntemaf fue! and no trp tank fuel the maximum arrested weightis
- 12 000pounds. T4, . w . PR
{Q) Barricade clearance recommended only f wing pylons ;re mstalled .
(R) Maximum engaging speed based on a control valve snngle weight setting. Maximum permissible engaging speed is
109 knots when oontrol valve is set to attual aircraft gross landing welght. '
(S}’ Maximum engaglng speed based on a control valve single weight settlng. Maximum permnesnble engaging speed is
128 knots when control valve is set to actual aircraft gross landing weight. - . .
(T) A-6A/B, KA-60must have AFC 244 incorporated for arvested landing weights above 33,500 pounds.
(U} Maximum engaging speed based on a control valve single weight setting. Maximum permmble engaging speed is 78
" knots when controf valve is set-to actual &ircraft gross landing weight # .
V) Maximum engaging speed based on a eongréT valve single weight setdng. Maximum permmble engaging speed is 85
knots when control valve is set 10 actual ajrcraft gross fanding weight. *
NOTE: When operations permit,. recomimend ten (10) knots be added to RHW in columns § and 7. To
compensate for a hot day {90 degrees), vanag«on in WOD velocity and direcﬂon, pllot techmque approach .
speeds, 'turbul..ncak and to minimize foads on the aircraft and/or arresting gear..
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‘C-ll-l catapults. As an exampfe, the C-11-1

catapults installed aboard U.S.S. Ticonderoga
CVA-14, and US.S. Hancock CVA-19, are
equipped with the wet accumulator system. The

. launching bulletins that pertain to the C-11-1
. catapults aboard these two ships have a 10

preceding the-dash. Aircraft launching bulletin

catapults.

Launching bulletins that are applicable to all

types of catapults begin with zero dash (0-). The
zero dash is followed by a two-digit number
which identifies the subject matter of the
publication. The subject matter identification

number is the. same for all .catapults. The’

information contained in the.0- aircraff teutich
ing bulletins is listed below. =~
1. (-10) General data on_preparation and use
of aircraft launthing:bulletins for all catapults.
2. (-11) A status bulletin that provides a list
of aircraft launching bulletins in effect, super-

_ seded, or canceled. Also, makes changes to the

. =12 accessory bulletin. The -11 bulletix} is issued

monthly.

3.°¢12) Provides 4 list of gircraft launching

accessdries required for all aircraft. Any changes

- that arise prior to revision to the -12;bulletin

will be found in the -11 bulletin.
4. (-13) Provides data used'in the preparation

' of aircraft launchifig bulletins for all ‘aircraft.

_.5. (-14) Provides data used for operation of

. steam catapults with reducéd receiver volume.

’
»

6. (-15) Provides information pertaining to

preparation, philosophy, and use of the data for.

cross-wind operations. B
7. (-16 through -20) are reserved for issuance
of special .or general launchigggnstiuctions.

8. (-21 and subsequent) contain information
for launching specific aircraft. )

The MINIMUM takeoff airspeed for launching
1s determined by the Flight Test Division of the
Naval Air Test Center while conducting the

carrier suitability portion of the Board of.

Inspection and Survey Trials. The minimum is
determined for- the selected configurations by
successive launches with dgcreasing air-speeds
until a limit is approached or reached. This
minimum takeoff airspeed may bge limitéd by
aerodyndmic stall, excess thru's?:vail_able for
acceleration after launch, loss of aileron, ‘eleva-
tor, or rudder control, time rquired to rota'te to

-

-
«

but not all, C-13 type.
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( flying attitude after launch, contrel effectiveness
and pitching rates resulting in accelerated stall;
overly stringgnt pilot technique required;f or
stick forces or movements beyond limits in
event of failure of an air-craft system. Further,
thé, minimum takeoff airspeed is reduced fo a
standard 59°F day and is established with the
following conditions existing at- the time of
launch:. : '

1. Deck steady. . -
2. Wind-over-deck steady and from dead
ahead of catapult in use.

© 3. Seacalm. - - ;

Catapult performance normal.

Operation unhurried.

Skilled pilot qualified in type. |

Engine delivering full takeoff power.

8. Maintenance condition of aircraft excel- .
lent. oL

9. Immediate clearing tumns not attempted. 7

» 10. Pilot trained in minimum techniques and

mentally prepared for minimum launch.

11.” Accurate aircraft weight known.
12..Wind-over-deck measuring device yieiding.
accurate indications. .ot

13. Highly trained personnel available to im-
mediately advise on any and all phases of the -
operation. ~ ) ‘ )
= _14. PrediCtion of aircraft performance under
atmospheric conditions existing for the test

15. Aircraft spotted on center.. . .
Restrictions are necessary when launching
certain critical aircraft from waist catapults. The ~
applicable Aircraft Launching Bulletins specify
these restrictions. The factors which cause these
restrictions are the proximity of ships structure
ahead of the waist catapults, the airflow discon-
tinuity caused by ship’s structure, sink off the
flight deck, and the possibility of overrotating
and damaging the tail due to the fact that the
waist catapult has more deck ahead of jt than
the bow catapult. Due to these factors the
minimum takeoff, girspeed required must be
higher for waist datapults than bow catapults
when launching thé critical aircraft. .
For the critical dircraft, the offcenter spotting
limits are more .restricted for waist catapults
than for bow cafapults. The combination of
postlaunch oscillations and proximity of ships
structure may be hazardous. This off-cendgr
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limit for waist catapults is indicateq in the
applicable Aircraft Launching Bulletin.

" The Aircraft Launching Bulletin is establlshed '

on the basis of the best performance that should
be anticipated under essennally ideal conditions.

The margin that must be provided to maintain
this minimum degre¢ of safety, under other than
ideal conditions, can only be’ determined by
weighing all of the factors, mvolved in light of

the environment existing just before the launch.’

The operation commander is logically respon-
sible for the degree of safety involved in a
‘laynch, since this is the one co to which
all the required mfonnaﬁ"oﬁ i3 unmmmtely
available.

The figures in the operatmg bulletms provide
tables” of minimum wind requirements as a
functioni of accumulator launchﬁfg pressure and
aircraft gross, weight, Values in the -tables which

. are preceded by a minus sign indicate that the
catapplt end speed ,of the aircraft (catapult

dead-load end speed plus speed due to aircraft
thrust) is that many knots in excess of the
minimum required aircraft takeoff airspeed.

(Total excess airspeed is this value (without

minus sign)plus actual WOD from dead ahead.)
Some of the points that must be kept in mind

when using Aircraft Launching Bulletins and

when launching aircraftare: . .

1. Selection of the Launching Pressure: The
table in the operatipg bulletin is normally
entered with the aﬂ%t £ross w;gh‘ and wind
available from whxch ata the minimum launch-
irig pressure is determined. If actual gross weight
is between the values shown in the table, use the
next higher gross weight value in the table. The
maximum launchmg pressure is that value for

fied pilots. HOWEVER, IT IS RECOMMENDED
THAT WHENEVER PRACTICABLE, WIND IN

SAFETY PRECAUTION-the maximum excess
air speeds along with the recommended excess
air speeds are listed in individual aircraft launch-
ing bulletins. Minimum takeoff airspeeds on
which this bulletin is based are listed in the
operating bulfetin figures.
4. Signals, Know the routine exchange of
"ngnals The catapult officer must stand at the
cdtfect station on the deck to enable the pilots
to clearly see the catapult offjcer s signals.

S. Headrest. The headrest should be: used

- when catapulting. An uncomfortable neck jerk,

_possibly producing temporary loss of control,

results if the head is not held firmly against the
headrest during the launching run.

“6. Aircraft Equipment. Looseness of the‘

throttle and similar controls must be avoided by
. a check of adjustments to ascertain that they are

sufficiently stiff to prevent easing back during
‘-launchmg.

7. The wmd-over—deck from, dead ahead
availabie for any given launchmg condition must
be equal to or greater than the minimum
requirements for that condition listed in the
figures.

8. LAUNCHING THE AIRCRAFI‘ UNDER
CONDITIONS FOR WHICH MINIMUM
WIND REQUIREMENT IS NOT' SHOWN. IN
THE FIGURES MAY RESULT IN DAMAGE
TO THE AIRCRAFT OR CATAPULT MA-
CHINERY OR BOTH; AND IS PROHIBITED.

9. Horizontal shuttle tensioning is to be as
. required by launchmg bulletin. :

which"a minimum wind is shown in the gross -

weight column. A single launching pressure,
"which falls within the acceptable range for each
type, may be selected for several dlfferent types
of aircraft.

2. Aircraft Strength Reqmrements. At a
given gross weight, the aircraft and pendant or
bridle have adeguate strength for catapulting at
any accumulator launching pressure for whxch a
npnunum wind requirement is shown.

3. Minimum Wind Requirements. The mini-
mum wind data listed are the results of Naval
Air Test Center and shipboard tests and are
considered to be safe minimums for well-quali-

O ’ ’ ) . .

A

" 10. Catapult Hogk ,Inspect:on. After aircraft
is tensioned on the catapult, examine the air
craft catapult, hook or hooks and shuttle tow
hook to insure .proper seating of the launching
pendant or bridle. EXTREME PRECAUTIONS
MUST BE TAKEN AT ALL TIMES.

11. Adrcraft Arresting Hook. Prior to launch-
ing alrcraft, check the arresting hook to insure
that it is securely,locked.

12. CONSULT, APPLICABLE CATAPULT
BULLETINS FOR LIMIT,LAUNCHING PRES-
SURES WHICH AFFORD RUNAWAY SHOT
PROTECI’ION ?!

28 BEEERY P
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13. MAINTAIN CATAPULT CYLINDER
ELONGATION IN ACCORDANCE WITH CUR-
RENT OPERATING INSTRUCTIONS |

.Figure 3-2 shows a typical Aircrdft Lauhching
_Bulletin (C13).

With figure 3-2 as an example, the followmg
problem shows how a launching bulletin is used
to set up launching pressures for aircraft of a
certain weight and a known wind over the deck:

1. Optimum Condition and Qualifications.
Gross weight 22,000 pounds, WOD 25 knots.

Recommended use of 180 to 200-psi accu-
mulator launching pressure. At 22,000 pounds,
the end speed would then be 11 to 16 knots
above minimum takeoff airspeed required.

7 Limit Excess Airspeed Condition. Gross
weight _23 000 pounds, WOD available 35 knots.
The maximum allowable gxcess airspeed for this
- example is 30 knots. ’

A launch could be made at an accumulator
- launching pressure of 240 psi. The excess air-
speed would.then be 30 knots (35 knots wGD
available mmus 5 knots WOD required) which is
the maximum allowable for this aircraft. Rec*
ommend the use of 160 to 180 psi-which would
resultin 9 to 15 knots excess airspeed.

3, Optimum Condition With Temperature

Correction. Gross weight 21,000 pounds, WOD
available 35 knots, temperature 89°F.

a. Aircraft thrust not critical. .
. . b. Temperature correction due to air densi-
ty is that for each 10°F above. standard free air
temperature of 59°F, the minimum WOD should
beincreased 1 knot. =~ '

{

Recommend the use of 140 to 160 psi. At”

21,000 pounds the excess end airspeed appears
to be 14 to 20 knots. However, 3 knots are
needed for temperature correction, therefore the
excess airspeed is 11 to 17 knots.

With thrust cntlcal full flaps down, the
typical thrust eorrectlon due to temperamre is
as follows:

- For launches wrth flaps in FULL DOWN
_position, the following correction is added to
the WOD requirements of figure 3-2:

CORRECTION

GROSS WEIGHT -
(Ib) 1 ' _
21,008 1 knot foreach *

degree above 75°F

Catapultmg of the subject alrcraft is limited .
by the follong condition:

s .

GROSS WEIGH”[: TEMPERATURE,
(ib) CF)
v 1
21,000 - 90

Temperature is below 90°F for the given-
weight; therefore, the launch is permissible.
Recommend the use of 180 'to 200 psi. At
21,000 pounds the exgess end airspeed appears
to be 26 to 31 knots. However, 3 knots are
needed for temperature correction due to air
density, -and 14 knots are needed for thrust

corrections due to temperature; therefore, the

excess airspeed is 9 to 14 knots.

4, Optimum Laynch for Minus Wind Condl-
tion. Gross weight 22, 000 pounds, WOD asLaﬂ»
able 5 knots. :

Recommend the use of 260 to 280 p51 At
“,000 pounds the minimum takeqff airspeed
required is -5 fo -9; thegefore, the  excess
airspeed is 10 to 14 knots.

Recovery and Launching
Equipment Service Bulletins
and Repair Procedures

N .

The purpose of these publications is to
provide pertinent information concerning the
operation, malfunctioning, and checking of -a
certain gear or component. They are issued by
NavAirSysCom in series for each type pf cata-
pult. They result from investigations and=experi-
ments conducted by fleet \lmts test sites, and
development projects at the' Naval Air Engineer-
ing Center test units. Whenever discrepancies or
unsafe conditions are found during operations, a
service bulletin is published.

A service bulletm contams the following
information:

1. The identity of the type of equipment to
which the bulletin pertains, .

2. The purpose.. and rea30n "for mformatron
contained in the bulletin, .

3. The method of remedying such malfunc-

“tions, including precaunons‘ that .should - be

observed.
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. information as which type catapult ‘accessory is
s i A S CoRPONET PR b AR to be modified, for-exampl¢, bow bridl¢.arrest-
FOR CATAPLLTING FRO CI3_ CATAMAT ers, waist bridle arresters,: and ‘changes to be
M MRERLFY SA6es WhinT Lo made to the nose gear launch equlpment A

> S[EH J%lf S,Ji,%{ii catapult deck ggar and accessories change in

forms the personnel concerned as to who will .
= make the change. If the change is within the
d _ vapability of the ship’s force, it is so stated, and
W I if it must be made by a shipyard at the next

- s o . yard availability, this is noted. ,

STl e] o i The purpose of the catapult deck gear and
- o e o ey E accessories bulletins is to make available to all
e el = E hands concemed correct procedures for the
A [ | el “hookup of the different: bridle and pendant
2 1 T Y Y Y M arrester lanyards. The lanyard hookup will vary
O EANAONaL RS for each type aircraft, necessitating a specific
e o gt o o3 * bulletin for all the current carrier aircraft. There
T plalnimlal=la] = are bulletins issued for different holdback secur-

e g il B s ing assemblies if they are deemed necessary.

SRCEEEEEEEEEE Special information, whether it is for bridle

WRNUN TAXE-OFF AIRSPTED REQUWED-RNOTS . = - arresters or for nosg gear launch equipment. is
= B o 0 v Tl B It B issued. Safety precautions, securing instructions,
: éﬁ%}%_m“?ﬁ and any new or additional information that is

not yet published in the applicable handbook
- for that specific type of equipment are made

AB.324 . .available through catapult and deck gear acces-

Figure 3-2.—Aircraft Launching Bulletin.

Ay

‘4, Information as to when to comply with
the procedure outlined in the bulletin.

5. Any special mformanon that may be
needed.

These bulletins are sent toall appllcable ships,
stanons and units. .

Catapult Deck Gear and Accessories
Bulletins and Changes L)

Catapult deck gear and accessories bulletins
and chgnges are issued in the same manner as the
cat t ard arresting gear bulletins and changes.

ere is a status bulletin issued that lists.all the ..

bulletins and changes that have been issued ahd
the ones that are still in effect. It is identified by
the calendar year preceded by a “0.” Examples
of sfatus bulletins would be 0-72, 0-73, etc., for
the years 1972, 1973, etc. ]

Changes fumish information for the modifica-
tion of existing machinery, Included will be such

@ L ,230

s

- necgssary

sories bulletins.

Recovery and Laimching
Equipment Service Changes

Experimentation at the test center and experi-
ence in the field often make it necessary to
make changes to recovery .and launching equip-
ment. NAEC (SI) directs and provides the
information for effecting these
changes to the concemed activities, and the .
service changes are pubhshed by NavAirSysCom.
Included in each service change 1ssuch mforma-
tion‘as the féllowing: - ,

1. Type and model of equxpment to which.
the change applies. "
2. Reason for makmg the change
3. Information applicable to the change.
4. When the change is to be accomplished.
5. Who-is to make the change—shlp s force
or shipyard personnel. .
6. Description and installation instructions.
7. Source of necessary parts.
8. Distribution of techmcal drawmgs

-

-
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9. Misposition of materials or parts removed
in effecting change. . )
10. Weight and, moment change information.
11. Change record. .
.12. Acknowledgement.
13. Address for corresponjence.

¢ *

Instructiohs and Notices | "

The Navy Directives System is used through-
out the Navy for the issuance of nontechnical
directive type releases. These directives may
establish policy, organizatioh, methods, or pro,,
cedures. They may require 24ign to be taken or
contan information affecting operations or ad-,
ministration. This system provides a uniform
plan for issuing and mairftaining directives.
Conformance to the system is required of all
bureaus, offices, activities, and commands of the
Navy. Two types of releases are authorized

a . .
. Chapter 3=-SHOP SUPERVISION AND ADMINISTRATION'_ ‘

under the plan—Instructions and Notices. 3

Information pertaining to action of a continu-
ing nature is contained in ‘Instructions. An
Instruction has permanent reference value and is
effective until the originator supersedes or can-
cels it. Notices contain information pertaining to
action of a one-time nature. A Notice does not
have permanent reference value and contains
provisionis for its own cancellation. :

For purposes of identification and accurate

filing, all directives cai be recognized by tife .

originator’s abbreviation, the type of release
(whether an Instruction or Notice), a subject
classification mumber; and, in the case of “In-
structions onlg, a consecutive number. Because
of their temporary nature, the consecutive num-
ber is not assigned to\Notic&s This information
is assigned by the originator-and is placed on
each page of the directive.
ABE’s' will be most concerned with NavAir-
SysCom Instructions and Notices. These are
- jssued to aviation commands and concern air-
% craft or aviation‘equipment. .

. MANUAL TYPE

The technical manual type publication makes
available’ information necessary for the proper
operation and maintenance of the particular
equipment about which it }'s written, and also

? . -

down, C-13 Catapult.
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gives the applicable safety precautions. This type
publication serves ‘as a reference for operating,
maintaining, and correcting the malfunctions of

- the equipment. it also servés as a textbook for

studying Optimum operation and maintenance
procedures which have been established by past
experimerits and experiences.

New and recently revissd manuals do mot
contain detailed descriptions or procedures con-
cerning preventive maintenance since this infor-
mation is now contained on MRC’S.

Technical manuals do contain the following’

Description of gquipmént. '
Theory of operation. *,
Troubleshooting techniques.
Corrective maintenance information.
Specific safety requirements.
Parts breakdown and rrumbers.
. Sketches, diggrams, schematic, operating
designlimits, etc. ® . ..

All manual type publications pertaining to..
catapults and arresting gear and assoclated
equipment are assigned a code numbger (NavAir
51 series) and, listed in thg Navy. Stock List of
Forms and Publications,. NavSup 2002, Section
VIII, Part C, when .avail#ble for issue, (This
stock list (index ) 15 discussed in more detail later
in this chapter.) s R

Listed below are some ‘examples of manual
type publications of interest to the ABE.

NavAir 51-15ABB-1, Operating Instructions,
C-13 Catapult: .~ . ¥ )

NavAir 51-15ABB-2, Maintenance and Over-
haul Instructions, C-13 Caggpult. :

NavAir 51-15ABB-3, Illystrated Parts

QOB W

and

Break-
. v,

NavAir 51-5BAA-1, Operation, Maintenance,
and Overhaul Instructions with Illustrated Parts
Breakdown, Mark 7 Mod _I Aircraft Recovery .
Equipment. , e ‘

NavAir 5.1-25-7, Operation, Maintenance, and’
Overhaul Instructions with Illustrated Parts
Breakdown, Mark 1 Nose:Gear Launch Equip-
et -~ . : '

I the above list of mariuals, it will be noted
that fhere are three separate manuals Yor the
C-13 Catapult, while only one for the Mark 7
Mod 1 Arresting Gear. Thete is also only-one for
Mark 1 Nose® Gear Laurch Equipment. The
determining factor i generally the complexity

- '
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~ NavSup Publication
index of all the fo

2002 is a 13-section
s and publications used
throughout the Navy. \Of the 13 sections, the ~
ABE is most concemed With sections VI and
VIII. All required publicatio at these two
sections list are issued directly to new vessels
about 6 months prior to commissioning. Re-
quests for commissioning allowances should not
be submitted unless the publications are desired
at a date earlier than automatic distribution will
satisfy, or unless they have not been received a.
month before the commissioning date.

.

Section VI (NavShips Ptfblications)

_ Section VI of NavSup Publication 2002 is a

basic list of all Naval Ship Systems Command

Publications. This section is further subdivided
‘into six parts—A, B, C,’D, E, and F. Parts A, B,

C, and. F are of little interest to ABE’s because

they contain lists of publications that are of

primary interest to other departments and divi-
_ sions. of the ship.

The ABE is primarily interested in parts D
and E of section VI which lists all NavShips
manufacturers’ technical manuals. In part D, all
publxcatlons are listed in numerical order accord-
ing to stock number. Part E lists the same
publications in z!phabetical order according to
ntle/nomenclature

L

Section VIII {NavAir Publications)
Section VIII of NavSup Publication 2002 is a
basic index of the Naval Air Systems Command
publications and contains a numerical listing of
all geronautical publications by code number,
title, security classification, and the date of the
Jatest issue.
Section VIII of the index is furiher sub—(
divided into four parts— A, B, C, and D. Part C is
the numerical listing of manual type. publica-
tions, and Part D contains listings of Ietter type
pubhcanons (Parts A and B contain hstm@ of

*

“date of issue.

ordnance publications and are of no interest to
the ABE.)
Part C of the index (manual typ’eﬁ)ublxca-
tions) is divided into subject matter groups, and .
all publications within a group are then listed in
numerical order according to cdde number. For
example, all manuals in the 00 series (Aircraft,
General) are listed first then followed by the 01,
02, 03, etc., through the 51 series (Ships
Installations). All catapults and recovery equip-
ment manuals are listed under the 51 series by
code number, federal stock number, title, and
date of issue. (A complete listing of the various
subject groups is given in the front of the index.)
Part D of the index (letter type publications)
is further divided into-a number of subsections,
one of which is titled Ships Installations. The
Ships Installations section is further divided into
the following subject matter groups: Landing
Aids, Arresting Gear, Catapults, and Aircraft
Launching. All letter type directives of interest
to the ABE are listed under the applicable
subject matter group by ®ode number, title, and

I

PROCUREMENT OF PUBLICATIONS

Manual type publications may be obtained by
properly preparing and submitting DOD Single
Line Item Requisition System Document (DD
Form 1348 or 1348m) to the nearest supply
point (indicated on the insidé front cover of
NavSup Publication 2002, Section VIII, Part C).
List the publications code number, federal stock
number, and title of each manual desired.

Letfer, type publications should be ordered

. using DD Form 1149, in accordance with the

o
32

instructions given on the cover page of NavSup
2002, Section VIII, Part D.

Requests to be placed on the mailing list for
NavSup 2002, Section VIII, Parts C and D, and
suppleménts should be submitted to NATSF,
700 Robbins Avenue, Philadelphia, Pennsylvania
19111. NavSup 2002 is revised and_reissued
semiannually. During the interval between is-
sues, supplements are issued contmmng listings
of publications dxstnbuted or canceled since the
last issue, .

.

N
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MAINTENANCE AND FILING
OF PUBLICATIONS

There are four mandatory requirements to be

met in maintaining an allowance of publications. -,

These requirements are as follows:

1. That the prescribed pubhcauons be on
‘board.

2. That the publication be corrected up-to-
date.

3. That they be ready for immediate use.

4. That applicable security provisions be ob-
served. ~

Changes to publications are issued either in
the form of .looseleaf pages,
changes, or complete revisions. When changes
are issued in fhe form of numbered pages, the
old page with the corresponding number is
removed and the new replacement page inserted
in its place. Specific instructions are normally
given with each change on the method to bé
used in incorporating the change. Changes
should be made immediately upon receipt.

A checklist of pages that are to remain in the
pubhcatlon after the. change has been incor
porated is pronded with changes issued for some
publications. This oheckhst should be compared
against pages remaining in the publication to
insure they agrec. Extra pages are removed and.
mussing pages ordered to bring the publication

pen-and-ink

issued, listing all bulletins and changes currently
in effect.

,LOGS AND REPORTS

It is necessary that catapult and recovery
reports and records be properly maintained fo
insure that changes are promptly incorporated,
proper history of the equipment is maintained,
and responsibility is properly placed.

Senior petty officers in charge of the various
stations in the catapult must maintain a day-to-
day record of their respective statioris and/or
equipment. <

Recordkeeping in relation to launch and
recovery equipment is as important as operatlon
of machinery or maintenance procedures. Due”
to the many 3-M maintenance schedules that.
must be adhered to and periodic reports that
must be made, the importance of accurate lggs,

. reports, and records should be emphasu’éd

up to date. Obsolete pages removet should be "
secured together and retained until' the next -

change is received. Sometimes the wrong pages
are removed from a pubhcatlon when a change’is
entered and the error is not discovered, even

‘with the - checkhst, until the next change is.

entered.

When pen-and-mk changes are made, the
,change number and date should be entered with
*each change for future reference. Sometimes it is
convenieqt to cut out pen-and-mk changes and
insert them in their proper place in a publication
by fastening them with transparent tape or glue.

A complete file of manuals, bulletins, changes,

. and repair procedures is maintained in looseleaf
binders aboard ship for the catapult machinery

and arresting gear, Letter type directives should -

,2be filed numerically in binders with the newest
‘bulletin or change filed on top. This means that
as the binder is opeped, the latest publication is
always the first.one. An annual status, bulletin is

i

I:KC! . . —, . ‘ -
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Senior ABE’s charged with the respon51b1hty of
maintaining machinery or efjuipment are also
responsible for maintaining and submitting prop-
er and correct catapult and recovery records.
Activities engaged in launchmg aircraft from
steam catapults must maintain Catapult Launch-
ing Log Sheets, NavAir Form 13820/1 for steam
catapults, (See fig. 3-3.) It is also recmmended
that a Catapult Daﬂy Maintenance Logbook be

kept- .
STEAM CATAPULT LAUNCHING
LOG SHEETS

Steam catapult launching log sheets are. avail-
able in pad form of 100 sheets per pad. They
can be requisitioned from the forms and pubhca-
tions segment of the’ Naval Supply System in
accordance with instructions found in NavSup
Publication 200%. Not more than'1 year’s supply
of log sheets shall be stocked. -

A steam, catapult log, NavAir Form 13820/1
shall be kept by all “activities operating steam,
‘catapults for all launches, including no-load and
deadload launches. Each log sheet has space to
record data for 21 launches. Completed log
sheetd’ tained for a period of 1 year. Those
more than a year old are discarded.

.

by -
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‘STEAM CATAPULT WORK (ROUGH) LOG
BOOK f

v -

~

A catapuli work ‘(rough) logbook is main- -

tained for each catapulf in service. All pertinent

information ‘acquired daily during operation,

testing, and repair of .the catapult is recorded in

the logbook. This'is a ledger type book with a

hard-cover and ruled pages. A logbook that has

. been filled Wwith enries shall be kept for a period
of 2 years and then discarded.

RECOVERY LOG

P
14

RECOVERY WIRE ROPE. HISTORY CHART

A wire fope history chart (ﬁg 3 -5)is kept for
each arresting gear serving a deck pendant. This
chart provides a uniform system of recordmg

' mvaluablﬂnformatlon _pertaining to the wire

rope used on recovery equipment. .

When makmg each entry on the chart, be sure
t6 include the last recovery number of the
applicable arresting gear. This information can
be_obtained from the reccevery log (fig. 3-4).

" An entry is to be made on the wire rope

- history chart each tlme one .or more of the

The recovery log (fig 3-4) is majntained by

arresting gear persorinel assxgned to Pri-Fly to

followmg OCCUrs:
1. After regularly requued inspections of the

. purchase cable..

provide a uniform system of repordmg invalu-

able arrestmg gear data. With the exception of
the “remarks” column, an entry must be made
in each column for. every recovery, excluding
barricade arrestments. .
. The number recorded in
ber” column must bé an%‘ccurate rinning total
of arrestments. It is jmperative that all informa-
tion be recorded accurately at the time of
arrestment.

articular care must be exercrsed to be as
accurate as possible when making entries in the
“distance-off-center” and “landing type” cok
umns. Refer to footnotes 1 and 2 on "the
recovery, log “sheet (ﬁg, 3-4) for information as
to.the nature and requirements of the entries.

Any unusual aspect of a recovery is to be
noted accordingly in the “remarks” column. If a

" lengthy explanation is necessary, explain on a
separate sheet of paper and attdch it to the log
sheet. Entries made in the “‘engine weight
setting” and “ram travel” columns shall be
obtained from the éngineroom,

Recovery log sheets come in pads of non-
carbon reproducible paper. When entering data
on the log sheets, it is necessary to remove thé
numbeT of sheets required or place a hard spacer
under the proper number of sheets to prevent,
reproducing more than the desnred numbei of
copies.. . .

Additional cop1es of the recovery log sheets
(NavAlr 13810/4) cari be obtained from the
forms and pubhcatrons segment of ,the Navy
supply department, in accordance Wlth NaVSup
Pubhcahon 2002.

r

the “recovery num-,

2. After replacement of the purchase cable.

3. After replacement of the deck pendant.

4.- After torque reqnoval in the cable system.

S. After cropping of the purchase cable due
to stretch, recession of wires in the terminals,
defective terminal, etc.

The rope “gap and rope dlameter shall be

measured as mstr-_-cted by A representative. from .

the carrier and field service unit (CAFSU).

. Those columns on the, wite rope history chart

»

that require a specific type of entry are so neted
by footnotes. '

The wire rope history chart forms, like the
recovery log forms,.come in pads of noncarbon
reproducible paper

‘ .
FLIGHT DECK OPERATIONS REPORT -

This report is the respopsibility of the com-
manding officer, however, the responsibility for
its completion is usually delegated to the arrest-
ing gear'officer. It is to be submitted quarterly
on NavAir ‘hasic form 13810/1. The Flight Deck

, Operations Report is sent to NavAirSysCom,

with copies to the Type Commander, Commnand
ing Officer, NAEC (SI), and to thé Naval Safety
Center, Norfolk, Virginia. Quarterly reports are
required even hen there have been no recovery
operations.

The fixed wing information, requlred is as
follows:

1 Type aircraft.

“ 2. Number of landings for each type.

34

. 3. Number of crashes. .
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B ) ) éecov;nv 106 {FOR USE IN PRI-FLY) PO
'ussA_MEﬂC%! i . CVA/:—__L
sbgaz A'RCRAFT DATA wind , DiSTllC! WN“' TRGUNE r_,-
ate:;tuv tt::m{ a o ] wot w0 | v [SREEE "t:tc: m l &u"”Lm"‘ _ REMARKS:- .
> ' 1919 | 3 |09/5]F¥B | I2% [33,000]149.]35 | 0 IRocnizsen] 137 .
(929 [ 2 109/6|F48] 121 [33500 | 1%0 | 35 | 25 lmoccwhzson| 170 |
921 | 3 109/7|F#A | 103 132,500] 138 |35 | 0 I|Rocewis2soo] 169 D
[922 | 4 10918 |F4A| l0l |32,000] (38 |35 | 0 |Rewsm|szo0e] 168 | Hook Boun<E
1923 | 2 |09/9|A9A | 607 [#2,000] 139 | 3% | 3P |Retwmluo,so0 17/
1924 | 2 10920|A5A |60/ [39,000] 139 |33 | o |[A%E 39000 471
1925 13 1092(|A5A [ 619 [39.500%139-130 | 0" IRoutulstsoo] 17| — —m—m =7 -
{926 | 2 10925|£24 | 773 [2%000] 95 [28 | & : [Rotum|azecd 165 -
] a ¢ hd i
[ | .-
-“ ] l
] - " hd t Y - 4 )
v - , .
- ,.) | i
- 3 - :
. = P DN
‘ n - " . - / v ( , - ¥ *
5 A Z 1
/
J. QIF Ol-clll!!l LI‘I'TE 'O" N I’OX| liDlC‘ATE "iﬂ:!!l OFF-CENTER POIT OR ﬂlo 1.E. us'.-‘n FT OH-CENTEI TO ST8D.
“ Owaite *rrge PHaut: on “rovL-m?| | @as osrameo Frou :uemt coueT. ﬂ"‘" l . >
: N AV R .
' ;,@« : T -
N - I AB.327

4. Was thoai
or other damage. .
5.7 Total landmgs thls report.
6% Total landings to date.
ital landings by deck pendent.
mber of catapult laynchies this report.
9 Number of catapult launches to date.
10. Any pertinent remarks. 2 o
.In addition to the above mfoxmatxon the
fellowmg is required:
l eck pendant servxce hfe

strike, majdp overhaul,

»
:’t

of this report.

'[ RIC

wll Toxt Provided by ERIC

Figure 3-4.—Recovery log shest,

"a. The number replaced dfiring -the penod .

"b. The number #6f engagements on each'\

pendant prior to teplacement. :
2. Helicopter landing data such-as: !

a. Under - aircraft. model, \list hehcopter :
model.

b. Under touch and g0 or helicopter land-
mgs,~kst hehcopter lahdings in the appropnate
space; i.e., night or day.~

C. Urlxlfr column landing crashes Ydeck),
list crash information 1f any, such, as ma\o%“o '
minor. :
NOTE: - Heh;:opter landmgs must NOT “ba
included in the tally or total arrested landings
this report, or total arrested landmgs to date,
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AVIATION BOATSWAIN'S MATEE 1 & C - CTa
UNSATISFACTORY MATéRIAL/ ject damage, but the condition was not igself

CQNDITIQN REPORT

The Unsatisfactory Material/Condition Re-
port (UR) was created to obtain service experi-
ence information from the most reliable sources.

~The major aspects of the - program- are’ the

collecting, compiling, and an yzing of service
experience with aeronautical ‘materials to deter-
mine areas of imimediate failiffes and trends of
impending failures, and to coordinate efforts to

correct material deficiencies ,and improve flight

safety, operational utility; arid logistic support
for operating aircraft. - )

" The rapid collection angd' dissemination of
service experience data to cognizant govern-
mepital activities are necessary in. order to
rapidly ipitiate appropriate action to insuse
more reli{ble equipment in fleet service. In this
regard, the assignment of competent personnel
to supervise
-Material/Condition
datory. . ; . C

The basi¢c form used for reporting failures,
deficiencies, or malfunctions of equipment is the

Unsatisfactory Material/Condition Report (UR),
NavAir Form 13070/5. (See fig. 36.) . L

.The UR provides for submission of specific

and review Unsatisfactory
Report preparation is man- -

information considered essential to conduct a

complete evaluation and analysis, of problem
areas associated with catapults or arresting gear.
The UR is required in order” that -complete
statistical data' and records concerning unsatis-
factory material and failures may be compiled

- and appropriate corrective action taken. The

, reports include sudden failures “(broken parts,

* scientious reporting and su
__opinions and observations on
" factory

%

-

1

efc.) as well as gradual failures (due to corrosion,
foreign particles, streSs, cracks, gic.). Con-
nission of detailed
failed or unsatis-
items will greatly help in theé processing
of this ’da(al.us v ' . C
The UR form has provision for the originator

* to submit a report in various categories. Space S

of the UR must indicate the category as deter-
mined by the reporting activily. Guides for this

selection are as follows:
1. SPECIAL—indjcates that the® particular

_condition is a result of discrepancies in design,

LA

" recgrting.activity ar the supporting maintenance °
a

‘aintenance, technical data,- quality control .

-}

(ngw manufacture or overhaulj?i); fofeign ob-

JAFuiToxt Provided by ERl

ERIC . -
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critical in natdre. Other special situations, such
as not meeting expected .performance life or
other parameters which require reporting, fall
into this category. -

2. SAFETY—indicates a priority over all oth- .

er reports: The originator selects this category
when reporting deficient material conditions
which, if not corrected, would result in_ fatal or
serious injury to personnel or extensive damage
or destruction to'equipment; or for conditions_
that. contribute to or could contribute to an
accident or incident. A.SAFETY Unsatisfactory
Material/Condition Message should be initiated
on the date the, trouble occurs. The message
must be assigned a “priority”; rating, The SAFE-
TY UR message must be followed up by a
SAFETY UR. :
The PR is -provided in a carbon backed
,four-pgge set. To obtain legible copies, it is
recommended that either typewriten uppercase
Jetters or a ball‘point pen be used. ) .
The instructions for preparation of the Unsat-
isfactory Material/Condition - Report (UR),
printed on the first.page of the four-page UR
set, must be followed completely. Read all
instructions thoroughly before filling jn the UR.
The UR set is prepared in all cases when an
accountable part is removed and replaced by a
part drawn from supply, or when a part is
delivered to” a supporting maintenance activity
for repair or replacement. The Jpurpose of each
section is as follows: ‘ ‘
1. The first sheet in the set is the ORIGINAL
document which is transmitted to the UR
Center, NATSF (MR). Pertinent data from the

. UR is entered on the other parts of the UR set

by the carbon backed sheets. .

2. The FILE copy is retained by the UR
report originator for record —Eﬁ‘rposes. A file
.copy should be retained for 6 months by the

ity, as appropriate.

3. The TAG copy (hard‘{copﬁ% a complete
carbon -.copy of the UR that is attached to-
materigl, being turned in to supply or. released
for investigation, -+ . S

" Failed materiat should be retained at the field
site with a legible TAG copy (hard copy) of the

UR report sécurely attached to it. ALL ORIG-

INAL UR’s or first sheet of UR sets,” with

gl B8R Com
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u : . UNSATISFACT ORY MATER!AI./ QONDITION REPORT. . - R
Use typewritér o Balt polat pen) v (oo lastractions For Preparation of form 1a OPRAVINST 4790:2) “Report Symbol OPAY 47908

l.‘lEPOlﬂNG ACTVITY r 2. LOCATION . 3. SEX.NO |4 DATE OF TROUBLE[S REPORT CATEGORY J6 MSG DIG
' USS RANGER (CVA 61) 0090 3-10-73 . [jsr;cw. 3 sarery .
> e .
. ’ 'ﬁl z%%mmo A'lt;:l"lwll $. BUREAU/ SERIAL; HULL RO, i 9. TECHNICAL DATA DEFKIENCY.TECHNIGAL DATA IDENTIFICATION “4ovis = et

STING GEAR COves Qo

1 .)Ol ROL RUMS
ISR CONTRhEY ;sso. HO3SUF
i A
:

v . DEFICIENY ITEM DATA -
15, MANUFACTURER'S PART RO, J!b. HOMENCLATURE |l7.5M KO. 18. QUARTSTY

NAEC 607969-9 CABLE GUIDE ~ , 1
mm £ 0. FideRaL TOtRAL MFRSCODE |21, COMRACT NO. 72, MILITARY/ COMMIECIAL OV LBHAUL ACT.
R1710-601-0715-RCAG 80020 l i

23. TiME COUNT SINCE [23. Tiut COUNT SINCE NEW 24, TIME COUNT SINCE OVIIRAUL 25, NUMBER OF EVENTS (Cyclee, atarls, oics) B
l | 600 _ARR. -0 .

»/ ’ " 26 INSTALLED ON (Indicate mejor component and end iem on which defective llem 1a tied of iceble t0) )
PART HUMBER NOMENCLATURE TYPE/MODEL & SERIES SERIAL NUMBER

EESJI?:{U" ) - v
fmerl | nABC 612602-1 ARR. ENG. INSIL. MK 740D 2 .

ie- MAINT. CONTROL NUMBER 12, WUC/ EIC 3, TYPE EQULP, 14.
Orétrow ur reroxs
g

COMPONENI -~ . ‘ .
OR SQUIPAGE

SUBASSEMILY ) . .

2 n

7. '“5°"'°““’°’“ FARURE/ SUSPECTED DAMAGED DUE 1O AMAG £D CAN BE
, . (Prace X in proper son)] 1 O] L Reon S0} TN a0 85%&97“ 40 W
28, DISPOSITION “RELEASED FOR TEPAIRT RLIUINEO TO SUPRLY]
(Place X in proper bax, M U ?oo:?ﬁ,:gs’vovaotryién 2 U IINAv::l!lly ":O'f’“' 29) :U (%l#y in space 29} ‘U (msml’?fr’oln wecelt)

g BN ACH & prrer bo & ry. 2. el 4 Acnes Tekon
DETAl 3 Copevion lavachiony (4 yopiicoris), _§, Vecpmmendetions 7, Uiy spocific ecfvity thyt o bifing fhe Seteriell)

- «  THE MIDDLE CABLE GUIDE BROKE DURING A NORMAL ARRESTED LANDING.
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[
»
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" phofographs and]or drawmgs,.afe forwarded to,

*iniclude much data never used aboard ship, and

the Naval Air Technical Services Facilit)?_,(MR); %4 require an excessivet amount of time to maintam.

700 “Robbins Averiue, Philadelphia, Pennsyl-

vania, 19111, -« , . | tially reduce the number of supply ‘ catalogs-

‘ S .~ ‘required to be maintained .by reducing and

L. 3 ! ... — tailoring catalog information to those items of -
o / £, ~interest to Navy personnel. _ R

LA T - TSUPPLY . | Ay & Prior to the development of the FOCSL, it

. Ittis essentjal that the ABE1 and ABEC know
* “certain phases of supply in order to prcure and
_ maintain equipments in accordance with cuirent
regulations. They must be familiar with the
publications used in identifying material, equip-
< ment, and spare parts utilized in the erform-
ance of the duties of their rate. In additfn, thé
"ABE! and ABEC, must be familiar with the
quantities of material and equipment Aithor--.
“ized,-and the authorization for these alidwances.
They must also know procedures used in"procur-
ing, expending, inventorying, and maintaining
custody of material. - : . .-

* SO A 1
IDENTIFICATION OF SPARE . ...
PARTS AND EQUIPAGE - * o >
" In order to procure the desired material d¥ to

~ "properly conduct an inventory of materials on
_hand, the ABE must be_able to ider;:'tify the -
"material or equipment concerned. Thé mifme-
< plate atfached to séme equipment furnishes data
helpful*in identifying thé equipment. However,
when procurement requests aré initiated, it is .
-very important .that. the correct fedefal stock
number, complete nomenclature, part ‘niimber,

B

-and referencg be.fifmished the supply officer to — -

. prevent ordering unsiitable material. This infor-
. .mation can: normally be obtained from, Navy
« Stock lists and applicable technjeal manuals,
- parts lists, NavAirSysCom change bullétins}.and
- _allowanc hsts B =

= LV

_FLEET QRIENTED CON- |
SOLIDATED/STOCK LIST gt

{ e

-

g
b

5
N

The -Fleet Oriented Consolidated Stock List
(FOCSL) is prepared by the Navy Fleet Materiat

Support Office and.is designed to afford relief of _

workload for shipboard personnel. The many |
stock catalogs are impractical for shipboard use

%

* * because they are biflky n size, differ in format,

Y

-~

.+NAVY STOCK LISTOF  ~ -

,
,
S - 40
¥ R ~ N - ..
A

. -The FOCSL was developed in order to substan-

ecessary to search through several cross-ref-

erenice listings published by the various inven- .

tbry managers to cross-reference a manufactur-
er’s part number of a federal stock number. Part
number for Navy interest items are now consoli-

dated into the MASTER CROSS-REFERENCE

_LIST section of the FQUSL regardless of the
“controlling inventory manager. This section is a
one-way listing from part numbers to Federal
Item Identification Numbers (FIINs) and in-
<" chades the federal supply code for manufactur-
".ers. The part numbers are arranged in alphanu-
» merical sequence. c
4 Bimonthly CHANGE BULLETINS are pub-
<lished to update the Price and Management Data
Section and the Master Cross-Reference List
jection; a’separate bulletin is issued for each.
“These change bulletins are cumulative. and list
Aecessary current information to update the

- applicable FOCSL sections. The information is,_

ipresented in the same format as the basic
section. ©
. N ‘

"CURRENT WEAPONS EQUIP-
MENT LIST (WEL 1090) _

This List contains FSN (Federa! Stock Num-

‘ber) to P/N (Part No:) and P/N to FSN

cross-reference listings. This List is invaluable to
thre ABE.

4
3

The Navy Stock List of the Aviation Sypply
Office lists and identifies material under the
inventory management of the Aviation Supply
Office (ASO). This material is identified by the
cognizance symbol E or R prefixing the federal
stock number of the item. The Navy Stock List
of ASO is putzlished in four parts: . -~ -

-
'E-"

“AVIATION SUPPLY OFFICE

s

L5

.

e
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—~

Cross-Reference C0009 -
(FSN to Manufacturery Part - 4
Number and Code) : : .

One part of the ASO stock list publication is a
_cross-reference from federal stock numbers to
manufacturer’s part-numbers and code.

Price and Management Data Section
The second ‘A%O stock list publicatién con-

tains the following information: the federal
stock number of the item, its unit price, unit of

issue and accountability code; new items; and .

deleted items. All classes of material are in-
cluded in these sections. Vooor

Descriptive Sections

The thif ‘ASO stock list publicatjon contains
a cross-reference from the characteristics of
items o the federal stock numbers.

i

The fourth ASO stock list publication con-
tains. a crossreference from part number to
stock number, supersedure of numbers, ad-
ditional model applications, equivalents, change

* of design information, maintenance and over-
haul percentages, accountability codes, perish-
gbility and salvageability information, and indi
cations as ‘to whether items are included on
allowance list. e

REQUEST FOR ISSUE !

“The ABE may encounter a variety of local”

_ requisitioning channels, all designed to satisfy
" material requirements. Procedures at' the con-

sumer level are somewhat flexible. Normally, the
single line item requisition,-DD Form 1348, is
the form on which material is procured from the
department. It is important that the
correct stock number, manufacturer’s part num-
ber, and nomenclature ‘be included on all re-
quests in order to expedite identification and
issue. Incorrect or omitted information can lead
_only to confusion and delay in-issue, or possibly .
the wrong part or material may be issued.

> - -
M

Afloat, the request document is presented to
sthe aviation stores division for technical aero-
nautical material or to the supply - office for
other than ‘aeronautical material. While individ-
ual ships may employ different procedures, such
& a credit card system, the DD Form 1348 is
normally the request document. When it is
necessary for the ABE to draw parts or material
from supply, he prepares a DD Form 1348 and
presents it to the air officer or his authorized
° representative for signature. The DD Form 1348
is then presented to the supply department for

+

processing and receipt of material.
Ashore, the requisition may be presented
directly to a supply warehouse or to an estab-
lished retail issue outlet. Procedures may differ.
‘betwgen shore stations, . because of assigned
levels of maintenance, geographical location of
shops relative to supply. facilities, and' other
factors. Normally the DD Form 1348 is the
o proper request document which is prepared and
submitted in accordance with local instrictions.

-

Requests fo}'ln- . o

" excess Material -

~
L3

Aboard ship requisitions for the following are
considered as in-excess:

‘1. Equipage not on the ship’s allowance list.

2. Equipage on the allowance list but in
greater quantities than allowed. .

3. Repair parts not listed with quantities in -

- ship’s allowances for which a request can be ..

justified. -~ . - i o
Request for. in-excess material must be ac-

.. companied by a complete justification as to why-

the item is required and why authdrized material”

" will not suffice. If the item is required for use by -

all similar type activities; a "recommendation
should be made to include the item in an
applicable allowance list. Except in an emer-
gency, in-excess material cannot be issued by the
supply_ officer until the request has been ap-
provél by competent authority. .o
Ashore, the ABE is not normally confronted
with in-excess requirements. Accountable (plant
account) material requirements are included in
* the activity’s budget submission to the managé-
ment bureau, and the granting of funds normally
constitutes approval of the requirement.

a - , o
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\Requesls for
- Nonstandard Matenal

Nonstandard material is material for which a
federal stock number has not been assigned.
When preparing a DD Form 1348 for nonstand-
ard material, it is’ imperative ‘that complete
information be furnished in order that the
.. supply officer may positively ldentrfy the exact
material, equipment, or part that is required.
The following information should be furnished,
if possible, when requesting nonstandard mate-
rial: . . ’

1. Complete name of item.. .

2. Complete nomenclature of item.

3. Manufacturer’s name.

4. Manufacturer’s part or drawing number.

5. Name and adgdress of a dealer where the
material can be obtained.

6. The document or publication authonzmg
issue of the item.
- 7. Justification as to why standard material
ill not suffice.
Requests for nonstandard matenal are pre-
red on DD Form 1348 and forwarded to the
ply officer ih the same manner as a request
for standard-materjal.

Y

Hhe Survey Request, Report, and Expendi-
ture (NavSup Form 154) is the document used
to reevaluate or expend lost, damaged, deteriora-
ted) or worn material from the records of the
accountable officer as required by U.S. Navy
Regulations. Rules and regulations goveming
surve,
the accounting for government property are of
primary importance to every man in the naval
servi

The.survey request provides a record showing
the cause, condition, responsibility, recom-
menda ion for disposition, and authority to
expend | material from the-records Rough survey
requestL are prepared by the person or depart-
ment Head responsible for the material to be
expended or reevaluated -

Types of Surveys

There are two typés of surveys with which the
ABE should be familiar- formal and informal.

EKC'

wll Toxt Provided by ERIC

’

Each activity normally prepares local regulations
outlining the circumstances which will deter-
mine whether a formal or informal survey will ~
be made. However, the _commanding officer will -
order a formal sutvey in any case-he deems it.
necessary. .

Formal Survey

" A formal survey is requrred for those classes
of materials or articles so Jesignated by the,
bureau or office concérned, or when specifically
directed by the commandmg officer. A formal °
survey is made by eithera commrssroned officer
or a board of three officers, one of whom, and
@s many as practicable, must be commlssloned
appointed in_ erthennstance by the commanding
officer.

Neither the,commanding officer, the officer
on whose records the material being surveyed is
carried, nor the officer charged with the custody,
of the material being surveyed may serve on the
survey board.

Informal Survey

" Informal surveys are made by the head of the -

,depagﬂ’rént having custody of the material to be

surveyed. Informal surveys are used in cases
when a formal survey is not required or directed
by the commanding officet.

- PREPARATION OF A

s and the responsibility connected with -

- this statement is information relative to
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'REQUEST FOR SURVEY

A request for survey may be ongmated by a
department, division;” or section head, or a
designated subordinate, as prescribed by local
regulations. Normally, requests for survéy are
originated in the department having custody of _
the material being surveyed, The initial survey is -
made on a rough copy of Form 154. A
statement ‘by the originator is placed on or
attached to the request for survey. Included i

e
condition of material; cause or condition s :)
rounding the loss, damage, deterioration, or

.obsolescence of material; responsibility for cause

or conglition of material, or reason why responsi-
bility cannot be determined, and recommenda-
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tion for disposition of material or action to be
taken. : :
Upon “receipt of the rough copy, the desig-
- nated group or section prepares a sufficient
number of smooth copies of the request for
distributiorrin accordance with local regulations.
The smooth survey request is filled in down to
the caption “*Action by Commanding Officer or
_Delegate.” It is then forwarded to the command-

_ing officer who will determine whether the

survey will be formal or informal. If formal, the
survey request is forwarded to the designated
surveying officer(s); if informal, it is forwarded
to the HEAD of department for survey action.
*= The statement by the originator as to the
cause, condition, etc., is attached to the smooth
request for survey for evaluation by the survey-
ing officer(s). After the survey has been com-
pleted by the head of department or surveying
officer(s), 1t 15 returned to the commanding
officer for review action. After approval by the
commanding officer, the survey request is for

*h

warded to the cognizant fleet command and/or

bureau for final review and approval when. so
required. In the absence of specific instructions,

respect to ‘the material involved must NOT,
however, be withheld pending disciplindry act-
ion. (See art. 1953, U.S. Navy Regulations.)
INVENTORIES T,

>

In the, first quarter of each fiscal year an
annual inventory of equipage is conducted. The
supply officer coordinates ‘and sets up the
beginning and endirf annual inventory dates’
with the approval of the commanding officer.
Each department is advised of these inventory
dates in writing by the supply officer. It is the
responsibility of each department head to inven-
tory the equipage assigned -to his department.
ABE’s are normally required to physically inven-
tory all equipage assigned to them on a custody
receipl from the air officer or their division
officer. When equipage is inventoried, special
care should be taken fo note if it is serviceable,
properly,preserved and stowed, and to ascertain
if it is still required by the department to

rform its assigned mission. The ABE using the
equipage is the person in the best position to
determine this. Therefore, he should make
recommendations to the division officer or to

surveys ate not forwarded to the Nava}—-AK——-the—atr—O'fﬁ'eef—‘aS to the need for survey,

.Systems Command for final review and
approval. - >
After approval, the supply officer expends
items as directed by the approved survey.
Requests for replacement of surveyed items
must be made with DD Form, 1348, and must be
ficcorppanied by a certified copy of the dp-
proved survey request. ;

*

Culpable R&spo_risibility

When a person in the naval service is found to
be culpably responsible by a surveying officer or
board, the reviewing officer will refer the entire
matter to such a person foZF statement. The
reviewing officer must then take such discipli-
nary action as the circumstances require. He will

. note on the survey the action taken and inform
the Chief of Naval Perspnnel and the bureau
concerned as to the disciplinary action taken. In

expenditure, disposition, or acquisition of
additional equipage.

The most important inventory is’the one held
within the division. There is no answer in the
event a certain spare part is needed .and it
suddenly comes to light that one is not available.
Not one piece of equipment under the cogniz-

* ance of ABE’s can'be allowed to be inoperative

at any time. Therefore, if somethingisin a down
status due to the lack of a proper inventory of
‘spare parts, someone is in trouble; and as a

* senior ABE, there is no need to point out who it

is. :
To operate efficiently and to insure that spare
paits are properly stowed and inspected, an
invegtory is held every 30 days. There should
alwiA be a 90-day supply of spare parts aboard;

. theérefore, inspect your spares as often as neces-

the case of officers, he must make recommenda- .

tions as to the inclusion of a sjajement of the
action taken in the record of Afe person con-
cemed and—inform that person of the final
decision in the matter. Action on the survey in

?

43

sary to see that you have a complete stock and
that itis in good condition. :

When storing spare parts  they should be
properly preserved {o prevent damage from rust
or corrosion. They should be stowed in as clean
and dry aspace as possible. Sparéwebbings must
be stored in a clean, dsy, well-ventilated space to

i T 4AR
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prevent dry rot and mildew. Always store spares
to provide easy accessibility. Time is usually

. important when replacement parts are required.

If possible, spares should be distributed in

“several storerooms to prevent'foss of all spares in

event of bombing or if a fire sh uld break out in

a storeroom. Try to ui%%z{ﬁinear the area’
- where they are to be used - )

CUSTODY CARDS

Equipage is the_term normaliy used to identi-

fy nonexpendable material for which custodial .

responsibility is designated by means of custody

“cards. An inventory count of .equipage on hand

must be brought into agreement with the
amount shown on the custody cards. Any items
missing at inventory, or found to be unservice-
able, must be surveyed and expended from)the
custody record cards. Equipage, on which ciisto-
dy cards must be maintained, is defined as those
items having an accountability code designation

of D, E, R, or L. Code D and E items are -

maintained on a custodial signature basis. Code
R and L items, depending mﬁ"‘e}mf the
item, are in some cases maintained on a custo-
dial basis. All of these four coded items are
normally exchanged on an item-for-item basis.

There are two designations of custody record"

cards, NavSup Form 306 or 460.

Equipage is issued by the supply officer to the
head of the applicable using department. The
department is held accountable to the com-
manding officer for this material. It is apparent
that the head of a department cannot personally
keep track of all equipage for which he is held
accountable. Therefore, he must delegate custo-

- dial responsibility to the division officers and/or

leading petty officers using or having the mate-

rial in-their custody. When an ABE is assigned
custodial respdnsibility, he is required to sign a
memorandum receipt to his division officer or
department head for the material for which he is
held responsible. P ]

The ABE shoul keep strict control over and
know the location of his equipment at all times.
He can be Held culpably responsible for material
lost or damaged due to.his neglfgence. ’

CARRIER AND FIELD
SERVICE UNITS

The Carrier and Field Service Unit (CAFSU)
was established in 1953.-The need for experi-
enced and highly trajned personnel was rec
nized by the ureat of Aeronautics (currepfly
Naval Air System$ Command), in orded to
rovide technically experienced personngl
continuing basis to span the 2-year milifary
rotational policies. This specialized grouﬂ of
technicians provides continuity of service, even

_.though military personnel are transferred fre-

quently.

CAFSU ‘technicians are usually sefected from
Navy military personnel who' have a wealth of
experience and have distinguished themselves
through years of operational experience. Most of
the present ‘technicians are retired officers and
petty officers who service the fleet and shore-
based activities throughout the world. All tech-
nicians are under the administrative control of
the Naval Air Engineering Center (SI), Philadel-
Dphia, Pa. 19112. These technically qualified and
diversified technicians are on call 24 hours a day
to furnish technical assistan'ce as requested by
naval message,. letter, or-other method. Such
requests should b¢ referred to commands as
Jfollows: COMNAVAIRLANT, COMNAVAIR- -
PAC, and the Naval Air Engineering Center. The
Type Commands should be action addressee for
fleet requests, and the Naval Air Engineering
Center (SI), for shore activity requests. Occa-
sionally, problems of routine°nature can be
solved by a personal visit to the nearest CAFSU
field office, located as follows: : .

1. Naval Air Station, Norfolk, Virginia.

2. Naval Station, Mayport, Florida.

3. Naval Air Facility, Naples, Italy.

-4. Naval Air Station, San Diego, California.

5. Naval Shipyard, San Francisco, California.

6. - Ship Repair Facility, Yokosuka, Japan.

7. Naval Air Engineering Center, Philadel-
phia, Pa. :

8. Puget Sound Naval Shipyard, Code 2785,
Bremerton, Wash. ,

9, Ship Repair Facility, Subic Bay, R. P.

. CAFSU technicians provide technical assist-
dnce to shorebaséd and shipboard personnel wha._
operate and maintain catapults, a}restfng gear,

13
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Fresnel lens,  PLAT systems, and flight.deck
lighting. Various types of technical assistance are
available to activities—for example, training of
personnel, rdutine operational and maintenance
. _procedures and problegs, troubleshooting, anal-
S ysis of equipment alties, and emergency

s -

repairs at sea.?'% in port. During major and ’

minor overhauleflaunching arid recovery equip-
ment, CARSU representatives 3nonitor the prog-

“ress and workmanship to assure’compliance with

Bulletiris, Chnges, plans, and 3pp1icable instruc-
tions., | e ]
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STEAM CATAPULTS
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N . f
The modern aircraft carrier is one of the most
versatile weapons our country possesses, being
able to launch as well as recover some of the
world’s largest and fastest combat aircraft. The

“man should know and be able to perform aﬁy .

modem: aircraft carrier also has the ability to .

travel quickly to operdtional areas anywhere on
the high seas, which allows the carrier to attack
or defend almost any selected target in the
world. ' )

. Catapult equipment is just one of many
systems vital to” th¥ operational status of the
aircraft carrier. Without this equipment, the

" heavy attack and fighter, aircraft could not
. become airborne with the varety of payloads
required As carrier based aircraft became larger

and heavier, catapult development moved along,
resulting in larger launching weight capabilities.
Since 1951, when the United States tested and
-evaluated the British type steam catapult and
found that it.could be modified to work with
‘the higher. steam pressures developed by the
boilers of American $hips, our engineers have
“progressively improved the basic design and
launching capacity of our catapults. .
Senior ABE’s assigned to the steam catapult
“divisions -are charged with the responsibility of

- maintaining the machinery in accordance with

applicable- Maintenance Requirements Cards
(MRC’s), and of organizing, supervising, and

Y ’

"o

duty at-any time called upon.
CAPABILITIES AND LIMITATIONS

The C-13 catapult is a steam-powered, direct-
drive, flush-deck catapult. As can be seen ‘from
table 4-1, it is capable of launching an aircraft
weighing 74,000 pounds at an end speed of 128
knots. The steam pressure is greater than that
normally used in any of the previous catapults.
The C-13 catapult has'an energy potential of 60
million foot-pounds, which makes it capable of
launching any of the present or planned carrier

_aircraft with an adequate margin of safety. You

training crews in a manner that will insure SAFE

- *and efficient operation of the catapult.
+ To’ perfow

this continious and demanding
task in an exemplary manner, senior ABE’s must
strive to maintain versatile, knowledgeable crews
with the use of frainhing ‘manuals, Maintenance
Management and Material (3-M) procedures,
on-thesjob training, and duty rotation on a

- scheduled basis whenever possible, so that each

individual will be qualified 4n as many duties

-concerning the operation and mairitenance of

steam- catapults as time allows. Ultimately, every

B
s «

.
~
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will find as you proceed through this chapter
that there are many differences between the
C-13 catapult and all the others in the fleet
today. ‘ .

THis chapter deals chiefly with the C-13;. .

however, the newer rotary retraction and drive
syste sed with the C-13-1, installed con
CVA-41 and CVA-67 and subsequent_carriers,
are briefly discussed. The principal differences
between the C-13 and the C-11 are also pre-
sented. . )

3 -

-

-~

DESCRIPTION OF COMPONENTS

. Each C-13 type catapult consisfs basically of
eight major sysfems: )

L. Launching system. This system may be
defined as those companents to. which access
can be gained at the flight deck level. These
compoifents include: .

" a Trough covers and track assembly.
b: Power cylinders. -
c. Cylinder covers. )
d. Sealing strip and spring tensioner. |
e. Launching shuttle. -

«,.. f. Launching pistons.
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Table 4-1.—Types of steam catapults

Item C-7 N C-11& | C-13 C-13-1_ -
.. C11-1 -
. : - : :
Power stroke (in feet) .....cccocoeerenns 253 211 249’10™ 309’ 83/4”
Track length (in feet) ....oovvvviecnens B 267 - 225 . F 264°10” 324°10”
‘End speed (in knots) ...cceereeeeeene 115° 108 128 - 140
Maximum operational ’ _
aircraft weight in pounds ........... | 73,000 L.. 68,000 74,000 80,000
2. Steam systems. a. Linear retraction engine system.
a. CVA-63 through CVA-66. (See fig. 4-1.) - (1) Retraction engine cylinder gnd pis-
(1) Flow control valve system. ton.
(2) Steam receivers. (2) Advange stroke buffer.
(3) Launching valves and assemblies. (3) Retract stroke buffer.
., (4) Exhaust valve. , (4) Main hydraulic accumulator. -
(5) Steam preheating systems. (5) Sheaves.
(6) Steam smothering system. (6) Cable equalizers (retract and ad-
(7) Orifice elbow assembly. . .vance). .
(8) Steam operated pressure switch. ~. b. Rotary retraction engine system (fig.
b. CVA-67. - } 4-3), . .
(1 Stea}j_r‘charging valves. - (1) Retraction engine hydraulic motor. |
(2) Steam wet receiver (constant pres- (2) Cable tensioner assembly. )
.sure source). (See fig. 4-2.) _ ® (3) Screw and traverse carrage installa-
' (3) Launching valves and assemblies. - tion. ‘ -

(4¥ Exhaust valve.

(5)- Thrust-exhaust unit.-.. )

{6) Steam preheating systems. -

(7) Steam smothering system.

(8) Orifice elbow assembly.

(9) Steam operated pressure switch. -

3. Retractionn system. The two retraction

engine systéms in use ‘are the linéar and the
rotary. The majority of catapults installed

©

aboard carriers are equipped with ‘the linear.

. retraction engine. Rotary retraction engines are
installed aboard CVA-41, gVA—67, and - subse-
quent* carriers. The rotary Is the newest of the

two retraction systems and will be installed on *

~

‘all future carriers. s
The retraction engine provides "the power to

retract the shuttle and the launching engine -

pistons after the catapult has been fired. It is,
alsq used to advance and maneuver the grab
. -forward andaft.

v., ~

(4) Sheaves. .
4. Drive system. This system provides the

.means of transferring the motion of the retrac-

tion engine to the grab for advance and retrac- -
tion of the shuttle and piston assemblies. )
a. Linear retraction system.
(1) Grab. =~ -
(2) Advance and Yetraction cables.
(3) Fairlead sheaves. ‘ .
b. Rotary retraction system (fig. 4-4). - *
(1) Grab. - R
(2) Advance and retraction cables.
(3) Fairlead sheaves.”
(4) Dnnmn assembly. .
(5) Screw ‘and traverse’ carriage (fig.
4-5). )

_ The screw and traverse assembly physically

‘prevents the advance and retract cables from

being crossed or tangled on the drum when the -
retraction engine is in operation. The traverse

-
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LAUNCHING VALVE ==

L TEAM PRESSURE
PRESSURE BREAKING SWITCH' S5
. ORIFICE ELBOW x

EXHAUST VALVE

Figure 4-1.—Steam system (typical) CVA-83.CVA-66.

>

THRUST- EXHAUST. UNIT

STEAM-PRESSURE -
. SWITCH (S71I)

——RRESSURE-BREAKING &
» -ORIFICE ELBOW

STEAM SUPPLY FROM °
‘SHIP BOILERS

STEAM-CHARGING
VALVES .

NAVSHIPSYSCOM STEAM'
WET—RECQIVER SYSTEM

WATER-CHARGING VALVE -
Figure 4~2.iStagm viet recalver (CVA-67 and future).
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VENT VALVE PANEL (REF) :CABLE TENSIONER

—

VENT
VALVES |

FEP2MN" 4V e S

[

¥

» Y B
) " 1 PIPING TO ADVANCE DUMP VALVE .
MANIFOLD kssEMBLY (REF) TENSIONER ACCUMULATOR .
’ " FRONT VIEW -

I3

HYDRAULIC MOTOR

A
¢ ATiTrgy
AR

L

§ ity l

SCREW AND TRAVERSE
CARRIAGE INSTALLATION

REAR VIEW -

Figure 4-3.-Rotary retraction engine. . ..
carriage, driven by the. scrgw, slides in tracks set pays out or unwinds. When the drum “and
mounted on the retraction engine frame. screw rotate, the carriage moves slowly .along the

. The screw is geared to and driven by the tracks that are mounted near the top ‘of thé
drum. Rotation of the drum causes one set of engine frame, guiding the cables on and off the *
the cables to wind on the drum while-the othér .drum.- - ' o

.
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" (4) A gravity tank and external
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sembly. ’
(9) An auxiliary tank -
b. Rotarysystem (fig. 426). .
(1% Three main pumps. L
(23' Acifculating pump, =~ . ,
" (3).A gravity tank and external cooler,
: (4) An auxiliary tank. -
(5) Amain hydraulic accumulator. -
~ (6) -An air flasks - o
. (7) The associated piping and control

4

-

-
»

. 7 @) Adraih pump. - P
* " (9) The retraction engikly manifold as-
sembly.
., The hydraulic system supplies pressurized
fluid to the hydratilic components of the cata-
pult. The main pumps of the hydraulic system
& . «

-

e -
C .

~

+

Figure 4-5.—Screw and traverse carriage.

'

(8) The retraction engine manifold as-

ADAPTER -
ASSEMBLY .

r

draw fluid from the gf'avi@ tank and pressurize .

- it. The fluid is then directed into the main -

hydraulic accumulator where the fluid is kept at
a relatively constant pressure. The circulating
pump draws” hydraulic fluid from the gravity
tank and circulates it through the copling jackegs
of the launching-valve operating-cylinder. This
_continuous flow of ‘cooled hydraulic fluid pre-
vents overheating of the operating cylinders
_during catapult operations. The circulating
. pump is also used to fill the gravity tank with -
hydraulic fluid from the .auxiliary tank. The
- external «cooler is located near the gravity tank,
and when the hydraulic pump$ arexnot pumping
fluid to the accumulator, the fluid passes
_ through the external cooler to the gravity tank,
_thys maintaining the fluid at a constant tempera-
ture. The drain pump transfers the hydraulic
fluid from4§upply‘.dmms to the auxiliary tank.
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.. LEGEND: ] TO OPERATING CYLINDER COOLING JAGKETS =
- ® .
> =  HYDRAULIC LOW PRESSURE - OVERFLOW LINE FROM PUMP
HYDRSAuuc MEDIUM PRESSURE ﬁ

R . . . ¢
1 . . BGRAVITY TANK .
‘I{{H : - " N 3 - ;
o f - RETURN TO GRAVITY TANK THROUGH
) / " - . _EXTERNAL COOLER = A

g -
[~ TO MAIN HYDRAULIC
ACCUMULATOR

TOPRESSURE BAGE
AT CHARGING PANEL

.

CIRCUL ATING PUMP

KX To PRESSURE 6AGE

. . FROM-AUXILIARY TANK/ | oy
TO AUXILIARY TANK DRUM
. ¥ al DRAIN PUMP
~ L g .
,L : ‘ o ' AB.339
Figure 4-6.~-Hydraulic system (rotary retraction engine),
“ - - \ A o -
-The auxiliary pump runs continuously and is in " The main hydraulic accumulator (fig. 4-7) .

parallel with the main pumps. The' auxiliary ., consists mainly of a cylinder and a free piston.
pump is used to take care of leakage in- the The accumulator maintains a relatively constant .
system so that the main pumps will not have to pressure in the hydraulic system., Hydraulic fluid
rur for that purpose. « . . on one side of the piston is maintainedin a
The main hydraulic pumps “(fig. 46) run  pressurized condition by air .pressure on the
continuously duriig ldiinching operations and ~ other side. As hydraulic fluid is used, air-
supply high-préssure fluid to the catapult hy-  pressure causes the piston to move toward the
. drauli€ system, The hydraulic output from the ' fluid end of the accumulator cylinder,-maintain-
pufnps is controlled by operation of the delivery “ing pressure on.the fluid. Fluid used from the

cont‘l;ol unit. The delivery control unit is oper- accumulator is replenished by the main hydrau- -.
. .ated by the stroke control actiator located at lic pumps or the auxiliary pump, - .
* the main lydraulic accumulator. When the A stroke control actuator is mounted in the

"volume of hydraillic fluid in the accuulatoris  bottom of the accumulator cylinder. .The act-,
less than normal, the pumps go on-stroke and uator is a lever operated cam which operates a
fluid is supplied to the accumulator. When the' limit switch. When the piston reaches the top of
accumulator is filleq to the proper level, the its normal qug_ting stroke, the actuator causes
delivery ‘control unit shifts and causes the mdin the hydraylic¥pumps to pump hydraulic fluid

hydraulic pumps to go off-stroke. When the (go on-sfroke) to the accumulator. When the

pumps go off-stroke, the hydrauli¢ fluid is rio piston the bottom ofits normal operat-
longer supplied to the main accumulator, but ing stroke, the actuator -causes the delivery
rather is pumped back to the gravity tank. .. control unit to shift and cause the main hydraus
. . ., . P ] y '\" .
’ 52 ) -
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" lic pumps to go off stroke. (See fig. 4-7.) ‘

A volume normal actuator is*located in the

ffop of the cylinder. When the pistoh reaches a

position near the top of the cylinder, it actuates
a levet which operates ~the hydraulic-
accumulator-volume limit switch. This breaks
the interlock to prevent firing of the catapult

-when there is insufficient hydraulic fluid in the

accumulator to operatt the launch valves.

.The air flask (fig. 4-8) is a container of
compressed air.which is used to maintain nearly
constant‘hydraulic fluid pressure in' the accumu-
lator. As the ﬂuld in the accumulator is used
the air pressure forces the piston upward,
displacing the fluid. Because of the large volume
qof air. in the air flask, the pressure change in the
accumulator is relatively 'small.

‘«6. Bridle Tension System. The major conr
ponents of the bridle tension system are:

a. Tensioner cylinder and piston.

b. Holdback cleat.

c. Solenoid-operated air valves.

d. ‘Control valves. ~

e. Air charging and blow down valves.

f. Reducing Valve.

g. Surge accumulator.

7. Lubtication System. All lubrication on the
C-13 catapult is accomphshed through nozzles
located in the cylinder COVerS The components
that make.up the system are:

‘Injector nozzles.

. Metering injectors. :
Solenoid-operated air valve. i

. Control valve. .. .

Pump motor set.

. Supply tagk._ .2

“ g Gage and piping arrangement. ..

8. Control System The control system
(CVA-63 through CVA-66) allows for control of

opogp

ey

the catapult during all phases of operation. Itis. -

divided into seven major panels:
a.. Control console (fig. 4-9). .

b. Deck-edge control panel (fig. 4-10).
¢ Auxiliary -deck edge light panel (fig.
4-1 ). .
d. Primary fly panel.
e. Retraction control panel.
f. Water brake panel.
~ g Boilerroom panel (optlonal) .
The' C-13 and C-11 catapults differ in several
areas. Following is a listing of the major differ-

- - - L4
2 - .
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4 -VOLUME HORMALe
ACTUATOR ASS

stroxe contagl. | J - 4| B
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anure 47. —Mam hyduullc accumulator.

-

ence areas and Some comparisons between the
two catapults: ’
1. Launching systém, C=13.
a. Incre cylinder sections.
b Longer track and power run,
c.” Longer séaling strip. )
2. Steam system, C-13: . -
a. Higher -pressure and steam:temperature.
b. Different control system for launching
and-exhaust valves.
: 3. Retraction’system differences.

a., The length and construction of the mam'

engme cyhnder and piston.
b. Mam hydraullc accumulator.’

5RO
s -

'AB. 340
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. Figure 4-8.-Air flask, .

c. Advance buffer pressure.

4. Bridle tension systerh differences.
a. Operating solenoids and control valv{&
b. Air charging and blowdown valvés e
c. Electrical circuit. . «’
5. Lubrication system differences.
a.. Location, of nozzles. -
¢., Operating solenoid and control valve.
d. Location of supply tank and pump
motor set.
6. Control system, C-13.
a. The contro}—egnsole has no handcrank
., and is divided into four. pancls.
. " "b."The deck edge panel controls retractwn,
and has additional lights and switches.
c. The auxmary deck edge light panel
incorporatesa “fire” light. |,
d. The retracnon control panel allows for
control . at one panel and has retract engme

s

;;f

suspend switch. -
e. The water brake panel has a suspend
. switch and a suspend- light. .
' CREW ORGANIZATION =

-

_panels, jet blast deflectors, and machinery as

maehinery. In addition, they operate and main-
tain the bridle arrester machinery, deck cooling
. %
ciated with each -catapult."They are also resppn-

" sible for hooking the holdback release units to

the aircraft and the bridles or pendants to the
shuttle and to the aircraft. The knowledge they
have and the teamwork and organization dis-
played in the performance of their assigned tasks
contribute in a large measure to the attack-
capabilities of the carrier.
ft is also a responsibility of the catapult crew
to “think about . their duties, perform their
assigned tasks willingly and to the best of their
ablhty, and increase their knowledge (both
operation and maintenance) of, the catapult.
‘Fie catapult crew consists of: ¢
R Catapult Officer. All catapult operations

-

" are““made under the direct supervision of a

d. Operating solenoids and control valves.w .

‘ b. Metering injectors. S
%

eominissioned officer trained for this work.. This
offiter must have an intimate knowledge of the
catipult and all applicable Naval Air Systems
Command technical publications pertaining to
his particular catapults. He need not*be a hiaval
aviater. ¢

The. catapult ofﬁcer is respon51ble for the
proper inspection of the catapult and for the

observance of all safety precautions.. Before each

day’s operation, he insures that the catapult is
inspected in accordance with 3-M preoperatlonal
mspectlons as described on applicable Mainte-
ndance Requirements Cards (MRC’s). He desig-
nates, the catapult pressure or constant steam
valve (CSV) settmg to be used during launching
operatlons, supervises aircraft catapult spotting,
and gives the signal for firing the catapult. Also,

.. he has authority to delay a launching if some

l

PRy

'[he catapilf/crews are assxgned the responsi-
“Inlfty of operating and maintaining the catapult

»
»

'[Kc

adverse condition arises, even after the signals to
fire have been exchanged, by initiating suspend
and the emergency HANG FIRE procedures.

The catapult officer must insure that catapult
logs and records are maintained on each ¢
pult. ‘These logs ahd records must contain
data regarding launchings, overhaul, and repairs
to the catapult as requird by current directives.

e catapult officer makes a specxal report to
ﬂ'le Naval Air Systems Command in the event
, any unusual condition arises in the operanon of.
" 'his catapults.

The assistant catapult and arresting gear offi

. cer acts as the catapult officer in the absence of

54
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Figure 4-9.—~Control console of C-13.

. . .
the catapult officer. He is usually the arresting
" officer.. ..

An assistant catapult officer is responsible to
the catapult and arresting gear officer for the
waist catapults on ships with four catapults.

Maintenance is accomplished under supervi-
sion of the catapult and arresting gear mainte-
hance officer. He must have complete knowk
edge of the catapult, tl}e catapult manual, the

LM - N

IText Providad by ERIC.
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3-M systém, and all apphbable@féval Air Systems
Command catapult $ervice changes, sétvice bul-
letins, and repaxr procedures. However, the
catapult officer is held responsible for proper
inspections, test, repairs, and preyentive mainte-
nance procedures.of the catapult. -~ .

2. Catapult Chief. Under the catapult of-
ficer, the catapult chief is responsible for proper ‘.
operation, maintenance, cleanliness, and security

T AR
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of the cétapults assigned to him. Somi of the
catapult chief’s duties are: _.
a. Insure that all catapult personnel under

his jurisdiction are thoroughly familiar with

applicable instructions.

b. Supervise operation of the catapults
during lauriching operations. :

c. Direct preparation of the catapults for
launching by insuring that the proper 3-M
preoperational inspections are performed in ac-

cordance with the applicable MRC’s and re-’

ported to the catapult officer prior to each 'day’s
operation. - . .

d. Insure that all changes and bulletins are
complied with. - )

]

e. Insure that only authorized personnel.

are permitted in the catapult spaces.

»

- . L

Q

RIC

.
R s e 1
.

! ’ Figure 4-1 1.-Auxiliaryoomrbl and light panaels.

.
s

all times: - : . -
g Report any malfunction or any unusual
circumstances involving the catapults immediate-
ly to the catapult officer. No major part of the
catapult machinery may be disassembled for
repairs without first obtaining authorization

in pertinent instructions aré rigidly adhered to at

h. Direct and supervise all repairs pertain-

ing to his assigned catapults. .

i. Insure that the training program - is
carried out. ' -

j. Plan, schedule, and control the ac-
complishment of the Planned Maintenance
System.’ 'y

f. Insure that safety precautioﬁs set forth )
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k. Perform such other dut1es as may be
assigned.

The catapult chief reports to the Catapult
officer and the assistant catapult officer, all
other personnel assigned to his catapults report
to the chief via their supervising petty officers.

The catapult chief needs more than technical
skill. He must assume responsibility, not only
for his own work but also for that of the ABE’s
who serve under him. He is the master techni-
cian, leader, supervisor, inspector, and instruc-
tor. The catapult chief must train 3 first class
petty officer to take over for him in his absence.

3. Catapult Captain. The catapult captain is
directly responsible for proper operation, main-
" tenance, cleanliness, aid*sécu
catapult. His duties and responsibilities include

the following:
a. Insure that all personnel operating any
part of the catapult ‘machinery are thoroughly
trained and qualified to perform such duties.
b. Perform the preoperational inspection
and inform the catapult chief of the operanonal
status of the catapult.
<. Insure that all stations are manned.and
ready” for and during flight operations and
reporting same to the catapult chief or officer. .
d. Insure that all personnel in his ¢rew are
familiar with damage control instructions.
e. Insure that all instructions and safety
precautions are posted and that personnel are
familiar with such instructions. -
f. Insure that no one operates any statlon
without proper “authorization.
g Insure that catapult changes and bulle-
tins are complied with.
- h. Maintain daily méintenance and shot
logs. -
. 1. Insure that all unauthorized personnel
stand clear of catapult spaces both during flight
operations and nonoperating periods.
j. Observe safety precautions at all times.
k. Adhere to all operating instructipns as
outlined in directives from higher authority.
1. Perform such other duties as may be
assianed.
~ The catapult captain is responsible for each‘

man in his crew. He may never disassemble any
portlon of the catapult without first obtaining
permission from the catapult chief.

N N

his'assighéd

_ engine operator.
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The catapult chief niay assume the duties of

- the catapult officer only upon the specific

authorization of the. air officer. The catapult
chief reports to the catapult officer and the
personnel assigned to a catapult captain’s re-
spective catapult crew report to him.

4. Deck Edge Operator. The deck edge
operator, although gssigned urder the catapult
captain, is directly responsible to the catapult
officer during launching operations. This oper-
ator must carry out the orders and signals of the
catapult officer under all circumstances. He
must be thoroughly familiar with all catapult
signals (both verbal and visual), the sequence of
opgrahon, and the
associated with the deck edge control station,
including the proper use of communications
between all° other stations directly concemed
with firing the catapult. He must be thoroughly
familiar with the emergency hang fire proce-

-dures.

5. Console Operator. The catapult console
operator, under the catapult captain, is responsi-
ble for proper operation, maintenance, cleanli-
ness, and security of the console panel and
associated mechanisms. He should also be’
thoroughly familiar with the sequence of oper-
ations resulting from his console movements. In

.addition, he should be familiar with the opera-

tions of the deck edge operator and the retract
He is normally assigned the
following duties and responsibilities:

a. Be thoroughly familiar with the opera-
tion of the console and its component parts. .

b. Insure that only qualified personnel
operate the console.

c. Insure immediate manning of the con-
sole at the sounding of FLIGHT QUARTERS.

d. Remain on station unless directed
otherwise by the catapylt captain or higher

. authority.

e. Keep unauthorized personnel out of the
console room at all times.

f. Observe safety precautions at all times.

g Carry out existing damage control in-
structions.

h. Adhere to catapult operating mstruc-
tions as outlined from higher authority.

i. Insure that proper Sound-powered
phone procedures are utilized atall times.

ulting mechanical actions __
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j. Be thoroughly familiar W1th the emer- '

gency.hang fire procedures.

The console operafor must never deviate from
the designated launching pressures as prescribed
by the catapult officer.

6. ‘Water -Brake Operator. Under the cafa-
pult captain, the water brake operator is- re-
sponsible for -proper operation, maintenance,
cleanliness, and security of the water brake
equipment assigned to him. He also has the
responsibility of suspending the catapult due to
a. malfunction of the water brakes. This is
accomplished by throwing his suspend switch on

C-13 eatapults, and by calling for a suspend over -~

‘the sound—powered phone system when oper
ating C-7/11 catapults.

7. Retraction Engine Opera'tor. The retrac- .

tion engine operator, under the catapult captain,
is responsible for proper operation, mainte-
nance, cleanliness, and security of his assigned
retracting engine. He must be: thoroughly famil-
‘iar with the sequence of operations and the
" mechanics associated with the retract control
* panel. His duties and responsibilities are outlined
in the following list: e

a. Insure immediate manning of the retrac-
ting engine when FLIGHT QUARTERS\i
sounded.

b. Insure that~ proper
phone procedures are used at alb ti

. ¢. Inform the deck edge operator of any
malfunctions immediately in order that the

opnd—powered

catapult -officer and/or catapult captain may * be |

-notified.
d. Keep the engffieroom clear of unauthor-
ized personnel at all times.
e. Allow only qualified personnel to oper—
ate machiner;.
. L Supemse the training of assxstant re-
tracting engine operators.
g Observe safety precautions at all times.
h. Insure that all personnel working with
the retracting engine are aware of. existing
damage control instructions.
i Adhere to operating instructions as out-
lined in directives from higher authority.

j Perform such other duties as may be'

The retractlon engine operator reporfto
a. Catapult officer. .
b. Catapu]t chief petty officer.
¢, Catapult captain.’

All personnel assigned to his engineroom

- report to the engineroom operator.

8. Chronograph Opérator. This man is also ‘

- supervised by the catapult captain. Hels respon-

sible for proper operation, maintenance, cleanli-
ness, and security of the chronograph machine,
component pasts, and chronograph compart-
ment. During catapult operations, his job is to

. operate the chronograph machine and convert

readings to ascertain shuttle end speeds, and
report end speeds to the main control console.

9. Recorder. The recorder is responsible .to
the console pefty officer and the catapult,
captajh for maintaining the catapult logs in an
up-to-date status. He records data such as the
following for -each launch: catapult shot num-

. ber; date and time; aircraft type; CSV setting,

weight, and side number; wind over the deck;

steam pressure before and after launch; cyhnder

elongation; end speed; launch valve clock timer
indicators; and such other information as the
catapuit officer or other authority may cause to
be kept.

10. Topside Petty Ofﬁcer. Under the catapult
captain, the topside petty officer is responsible
for proper holdback and bridle/pendant hookup
during launching operations, safety of-all per-
sonnel in the hookup crew, and for maintaining
a usage log for launching accessories (bridles,
bars, pendants, holdbacks, etc). He is responsible
for the inspection, lybrication and functional

b. Launching access) nes
¢. All topside gear. ) .
The following personnel report to the topside

petty officer: holdback man/crew, bridle hook- °
up man/crew, bridle arrester crew, and jet blast
deflector operator..

11. Holdback Crew. The holdback crew, un-
der the topside petty officer, is Tesponsible for
proper holdback and hookup procedures. In
addition, it is respomsible for maintenance,
cleanliness, and security of the holdback assenr
blies and tension bars.

12. Bridle Hookup Crew. Thls crew is respon-
sible for proper bridle hookup, and main-
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tena.nce cleanhness and security oI Ehdla,

pendants and bridle stowage comparfments )
They ‘are supemsed in the performance of their
. duties by the topside petty officer and the

cafapult captain.

13. Bridle Arrester Operator. * The bridle
arrester/nose tow operator, under the catapult
captain, is directly responsible to the “6atapult

. officer during launching operations. This oper-.

ator carries out orders of the topside safety
. petty officer and aircraft spotter, as applicable,
and is responmble for the bndle arrester and
nose tow equipment, including operation, main-

., tenance, cleanliness, and lubrication.

14. Jet Blast Deflector Operator. The jet
blast deflector operator, under the topside petty
officer and catapult captain, is responsible for
safe and proper operation of his assigned blast
deflector. He is also charged with maintenance,
cleanliness, and security of his deﬂector and its
associated equipment.

15, Catapult Center Deck Operator. The cen-
ter deck operator, under the catapult captain, is
responSJble to the catapult officer during launch-
ing operations for relaying the correct steam
pressure settings (CSV setting) from the «.atapult
officer to the console operator, and for monitor-
ing the settings with a steam pressure gage

located in the center deck control station. Heis _

xesponsible for maintenance, cleanliness, and
security of the center deck control station.

16. Catapult Bow Safety Man. The bow
, safety man, under the topside petty officer and
the catapult captain, is responsible for insuring
that personnel and equipment are clear of the

* catwalks and flight deck area‘at the forward end

of the catapults. He is equipped with sound-
powered phones for voice communications with
—, the deckeedge operator. He also controls the
bow safety lights (red or green) during night
operations to indicate to the catapult officer and

deck edge operator asafe or unsafe deck.

MAINTENANCE PROCEDURES _ \

The instructions contained in this section are
limited to maintenance procedures that are to be
performed by personnel who operate and main-
tain this équipment. It should be borne in mind

that of the material that follows, such as..

EKC.

wll Toxt Provided by ERIC

T
toleranc&s, presunes, m§pectxon _fequiremen

etc, some are subject fo change based
accumulated operational and maintenance d

When actually performing. the procedpres
discussed, use of the applicable Mainte
. Requirements Cards is mandatory, however;
they, should be cons:dered the minimum rather
than the maximum amount of maintenance to
be performed; .

It is essential that all mamtenance personnel
be ﬂlozoughly familiar with and knowledgeable
of the operational functioning of the catapult.
This intimate understanding of the machinery

. enables the trained observer to detect any

abnormal operation and comrect a potential
cause of tréuble before a breakdown occurs.
Visual inspections are not enough, bgcause the
majority of catapult components are luddEn

- from view. ..

The following notes apply to general main-’
tenance throughout the entire catapult:

1. Keep” the entire catapult as clean as°
" ppssible. Wipe down daily to remove excess

_grease, oil, and dirt. Remove rust, and paint as
" often as necessary. Do not paint threads or
finished surfaces. If these surfaces are painted in
*e1T0I, use paint remover to remove.the paint.

2. Check for loose or damaged bolts, screws,
and nuts. Tighten or replace as necessary. Grease
replacement fasteners to retard rusting High-
pressure joints are likely to Ieak if unequal bolt™

tension exists; therefore, all bolts must be

torqued equally if sealing ability is to be

maintained. Replacement bolts must be equal to .

or greater in strength than the ongmal bolt. Use
proper tools at all times.

3. Check frequently for hydraulic and pneu-
matic leaks, These can occur at any time.

4. Inspect, clean, and oil all machined sur-
faces regularly. The moist salt air to which the
catapulf, machinery is exposed induces a strong
corrosive, efféct on steel. Grease the extended
portion of piston rods when it is anticipated that
the catapult will be inactive for a week or
longer. This prevents rust and preserves the
finish. Wipe off excess grease when the catapult
is reactivated.

5. Be constantly alert for unusual sounds or

_action of the machinery. Report any uxtusual

"condition to the catapult ofﬁcer for unmedxate ,

investigation.

N
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6. Each. day, during periods when the
Jcatapult is inactive, run all pumps and actuate all
retraction engine valves if possible. '

7. Check condition and amount of spare
tools, tension bars, and bridles/pendants on

hand against allowance lists. Requisition antici- .

pated needs on a monthly basis.

3. Bl A'*sha.nﬁrojéction of metal from
an edge, usually th sult of dnlling, boring,
countersinking, etc., Dut may also be caused by
excessive wear of one or both surfaces adjacent
to the burred edge. $

4. Concentncrty Havmg a common center;

" usually refers to the. closeness of tolerance

8. -Whenever components’ are cleaned with  between the corifinon center of two or more

an dlkaline material, be sure that.the residue is ;

completely. removed- before reassembly. This is
nécessary- to prevent .formation of soapy
praducts in lubrication systems and close toler-
ance-components. Use a jet of wet steam from a
suitable nozzle for this purpose whenevér pos-
sible. In all other instances,- remove atkaline
residues by repeated flushing and brushing with
a mineral spirit solvenf. Pay particular attention
‘to. crevices, holes, and cavitie§. where such
" residue may accumulate. After parts have dried,
AJok- for surface film or powder indicative of
incomplete remoyal of alkaline material. Any

such mndication will require recleaning with wet

steam or solvent.

L 4

parts should not be buffed, abraded with wire

brushes or abrasive cloth, or polished with any -

polishing compound for the purpose of re-
moving discoloration or restoring smoothness.
Exercise cdution in handling and storing these
parts t0 avoid-scratching.and indentation, since
fatigue- failures may begin at sections weakened
" by such local dimensional reduction. ..

10. Do not blast any piston skirts or ring
-grooves with any but the finest vapor blast grit
or fine soft grit. Do not use any form of scraper
to clegn ring grooves, since any scratch or root
fillet will wedken glands and increase the pos-
srbrhty of ring seizure.

The. following definitions apply to terms~used
to describe the kinds of damage for which parts
should be inspected during rdutme mspectron
. and troubleshooting:

" 1, Abrasion. Wearing away of a surface: by

friction, either by motioh while in contact With .

another part or by mechanijcal cleamng or
resurfac‘mg with abrasive cloth ar lappmg com-
pound. - -

2.. Binding. Stoppmg or,xmpedmg motion

between two surfaces due to foreign matter,

unequal expansion, o; unequal wear between

9. Finished surfaces of machined or p}ated'

circles (bore and OD bore bolt and ciicle
diameters, etc.).

~5. Corrosion. Deterioration of a surface
usually caused by oxidation of metal.

6. Deformation. Deforming of a component
due to overstressing or repeated ugage.

7. Elongation. An incréase in length due to
stretchmg, heating,"’hammering, etc.

8. Erosion. Pitting or eating away of metal
due to action of steam, chemicals, water, or

. atmosphere.

9. Fretting. Scuffing or deterioration of a
fhetal surface caused by vibration or chattering

appear dull, scuffed, 0
the length. of time; ected to the action,
dissimilarity and kin f contacting metal and
presence or absence of moisture.

10. Misalinement. Parts not in correct related
posrtrons as specified on manufacturing draw-
gy

11. Plttmg.\Small, deep cavities ‘with sharp

rroded, depending on

against another part. A %\ed steel surface may

) edges. May be caused in hardened steel surfaces

by high rmpacts orin any smooth stéel parts by

- oxidation. -

12. Scoring. Deep grooves ina surface caused
by abrasion when fine, hard partxcles are-forced
between moving- surfaces, as in a bearing: and
joprnal, or by galling when a movmg part is not
supplied with fubricant. -

13. Security. Tightness, snug: ﬁt betw;:en’
. telated parts.

14. Shearing. Cuttmg, caused by force ap-

. plied - perpendrculax ‘to major axw of a com-

ponent.’ .
. 15, Warping: Bendmg or tw15t1ng out of
shape m an 1rrégular manner

-w,

LAUNCHIN G ENGINE SYSTEM

»t

The launchmg engme and r,,ts associated com-

‘ponénts are disassembléd in tl}e foi,lowmg order
1 Trough covers. . '

-
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“used in the launching engine compdnents.
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. Strip tensioner.

. Sealing strip.

. Expansion indicator.
. Cylinder covers.

. Shuttle. * ,
. ‘Pistons.
Cylinder elongatiori mdrcator
10. Launching engine cylinders. .
It is not necessary to remove the trapsition
section, thrust unit, and thrust unit support

2
3
4
5
' 6. Water brake cylinders.
7
8
9.

unless a crack or other defect is noted in one of .

these units.

All components upstream of the thrust umt
including the flow control valve, are under the
cognizance of Naval Ship Systems Command.

The trough deck piates, supportmg structure,
and piping (except where otherwisg specified)
also come under NavShipSysCom, and matters
pertaining to these components should be
referred dmectly thereto.,

Past experience has shown that salt atmos-
phere, steam leakage, and high ambient tempera-
fures cause rapid rusting of screws and bolts
This
cond‘mon can seriously impede replacement or
repair of a catapult component. Therefore, a
_schedule is set _up to remove trough covgrs and
" deck plates every 6 months (preferably just prior

to deployment) and replace bolts, screws, and

nuts as necessary. Grease all replacement
fasteners with a suitable 'high. temperature
lubgicant to retard rusting. -

Inspection and Removal of |
Pis'tons»and Spears = -

-‘-pmrs to tiic pistoni assembly may be made

" as a result of inspection or a malfunction. Minor

repairs are those which may be observed and

, repalred“ w1thout removal of the piston assembly

*

from the catapult Due to the basic function of

- the pistons in the operation of the catapult it.

may-be necessary *to make major reparrs as well
as minor repairs in order to keep the catapultin
operanon

Piston assemblies must be supplied, installed,’

and ‘stocked in matched pairs, and the two
aassembhes of each pair must wergh within 10

pounds of each other , The scale werght in

pounds and oundces is stamped on the side of the
barrel in black letters at least™2 inches high.

The spear, piston, guide, and barrel must b&
inspected as noted below. This 1nspectron -may
be accomplished without removing the piston
from thefngine cylinder. ,

. SPEAR.—The spears are inspected, as follows:

1. Withdraw the spears past the i[ﬁteral open-

ings (cutoff sections) of the 9-foot forward -

cylinders fo a point where the forward edges of
the water deflector rings are immediately inside
the solid walled section at the aft end of the

-9-foot: cylinders.

2. Examine the crrcumfcrcuce of the water

deflector rings for signs of scraping against the -

cylinder walls. If any evidence of scraping is
found investigate for water deflector ring flaring
andfor piston guide wear.

. 3. If nu evidence of scraping is found, use
feeler gages to determine the clearance-dimen-
sion at the FORWARD-EXTREMITY (bottom
side) of the water deflector ring. If clearance
between the deflector ring and cylinder wall is

" reduced to 0.031 inch or less, due to flaring of

the deflector ring, the spear must be rotated 90
degrees at the eatliest possible opportunity.
However, with daily inspection of the deflector

_ ring, ope_rations may continue until the clear-

ance is reduced .to 0.010 inch, after which
operations ‘must cease until the spear is rotated
or replaced,

4. It should be noted that neducnon of

- clearance between the deflector ring and

cylinder wall is not always due to flare of the
deflector ring. With cilher the reinforced type

'spear or the new contour type spear, reduction

of clearance to below 0.031 inch has been found
to be caused by GUIDE wear. .

5. If 4 spear has bee d three t1mes due
to flare of the deflector rinig, i _must be removed
and replaced. If possible, the spear should be
salvaged for further use.

PISTON GUIDE.-The
mspected as follows

. Move the prston assemblies mto the 9-foot
forward power cylinders untll a position is
reached where the piston guides begin to enfer
the aft end of the Jateral openings (cutout
sections).

piston guide is

P Q7 R .’

(&
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2 Using. feeler ges, determine. plston gulde
wear by fieasuringiwater deflector ring clearance
at-AFT EXTREMITY with lower portion of the
cylinder. If this clearance is 0.047 inch or less,
replace guides at earliest opportunity. In no case
is the guide to be used if the
inch or less.

STEAM PISTONS.—Measure the piston dia-
meter at two places by using the method
" described below: -

1. Tow piston assemblies

R Qﬁr“mto the inter-
mediate . power cylinders until a position is .. -

reached where the, spears will be clear of the
. sulid walled section at the aft ?nd of the 9-foot
forward cylinders.

2. Measure the ID of each 9—foot forward
cylinder at two places, approximately 1 o *clock
and 11 o’clock on each side of the cylinder’s

. centerline; at a point 13 inches forward of the
9-foot cyhnder flange Jomts Record these
‘measurements.

3. Tow - piston assemblies forward -“until
bottomed i the water brakes; then measure
with feeler gages the dimension between the
cylinder wall and outside diameter of the piston.
Measurements are taken at both top and botfom
of the plston at the 1 o’clock and 11 o’clock
positions. Record these‘measurements.

4. Add together the top and bottom feeler

c\arance is 0.031

gage dimensions for the 1 o’clock position; then

subtract this total from the ID dimension of the
cylinder taken at the 1 o’clock position. The

difference gives the OD of the piston at this
* particular pomt Add together the top and
bottom dimensions for the 11 o *clock position;

then. find the OD of the piston at this particular )

point. Recordallmeasurements. .

5. If wear on the piston, at the points
deseribed abave, has reduced the OD to 17.781
.inches or less, replace the piston at the earliest
.possible oppogtunity. If piston OD is 17.750
inches or 1% the -piston must be re;;laced
_immediately. (Check these tolerances 4gainst
current applicable technical publications, s they
are subject to change.)

" Whenever a piston (fig.,4-12) has to be
. replaced it is recommended that a scribemark or
“series of punchmarks be put on the “leading
edge” of each new piston at points three
thirty-seconds inch from the OD at the bottom
of the piston, and one thlrty-seconds from the

. \
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‘OD at the top of the piston. These marks can

facilitate piston inspection if they are used as a
guide for detenmmng ‘maximum wear on a
piston. H a piston is worn up to or beyond these
marks, it should be removed at the earliest

.opportumty Piston wear not reaching these

marks l§ con51dered within acceptable wear

- limits.

Runaway Shot Inspectlons

. Immedlately after a runaway shot (end speed
over 185 knots) certain components of “the
catapult must be inspected for damage. The
determining factor on.the type of inspection
that has to be made is the shuttle end speed.

If the end speed recorded is between 186
knots and 250 knots (or as specified in the
current technical publication) the following
inspection must be performed.

NOTE: Blow down -the steam in the steam
receiver to zero pressure and keep the blowdown
valve open prior to entenng the water brake
reservoir. - &

1. Examine the shuttle ramp pin for bending

and replace if deformation exceeds 0.010 inch,

«

or if elongation, shearing, or cracks exist.

2. Enter the water brake tank, reservoir and
inspect the entire screened area for loose or
broken pieces. Inspect all visible portions of the
launch.mg pistons, 9-foot cylinder sections, and
adjacent components.

“If an end speed between 250 knots and 275

knots is recorded, perform ‘the following
inspections in addition to those listed above:

1. Inspect piston guides. Tighten any loose
piston guide bolts and secure with lockwire.

2. Check clearance ‘between the spear deflec-
tor ring and cylinder walls at various stations
around the circumference for radial ﬂanng.
Check condition of spear.

3. Check shuttle connector and stnp—gulde

attaching bolts to see that they are in place and’

not sheared. Look for evidence of deformation
of fasteners'and elonganon of holes, and cracked
welds. -

4. Inspect  visible 'portions of launching
pistons for cracks, paying particular attention to
the upper forward edge aft of the cylinder cover
seal stud boss. .
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, . - Check thie water supply hose and tighten
¥ any loose hose fittings. Check piston barrel lug.
. . Check the clearance betweenythe ‘annulus
~ + ring and jet ring. Replace any loose jet ring
SCTEWsS. c e e )
. Inspect the cylinder cover Seal assemblies. . d
. If the components mentioned - above are 6. Remove any loosg ; ‘
- found to be free from defects and clearances are .  check for “necking down. If necking down is
satisfactory, observe the retraction. If the retrac-  €¥ident on loose screwgs, check ‘all others in the
.- tion is normal, catapult launching operations . YiCINity by removing and measuring. (See fis.

4. Check chike ring measurements.

5. Look for clgarances deyeloping between
stools and bearing plates.of tte forward power
cylinder sections. ° :

&

jet ring screws ’and:..

may be continued. - o ¥4-13.) Replace all loose screwsi torque all «
®  If the runaway shot caused a shuttle en replacement SCrews to 245-255 ft-] _
speed of 275 to 3Q0 knots, do the following: 7. Check concentricity of annulus ring and
1. P&iform steps.1 through 7.as above. choke ring. '~ TP 5o
. . Pay particular attention to pitting of 8. Check visible portion of the bronze
spédrs, deformation of brackets, and other signs . piston, ghide, paying particular attention to the
of strain. Take spear méasurements at varipus  shoulders of boltholes where ‘deformation or
. stgﬁ;ons and check for correctness. . fragtut;s may be evident. - . ~
‘\l .2 . . &>
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_ " “Chapter 4—STEAM CATAPULTS _ e T

" g Check. and fighten any loose spear ~ ~ 11. Check tightness, of il visible ‘Bearing

L securing screws.. - <L pads, blocks, and strips.on the -connector-and
-\ " 10. Wheck for cracks in the web of, the guide. - . L e .

forward power cylinder section slot at the ~ 12 Petfofm tow 'test of the shuttle #nd

forward end above the. water'brﬁke cylinder. * piston assembly, using & dynamometer Measure

\ -
P . .-

N . “ i .
v - " . . .
. tSeew. - | 11 Endplg 23. Body. R
-1a. Serew. - ! 12, Self-locking screw. 24. O-ring.
; 1b., Dowel pin. 13. Self-focking screw. - 25. Plug. , -
s 2. Leftclamp. . - 14 Strikerring . 26. Gasket. S
i 3. Right clamp. “h 16. Screw. . 27. Cylinder.
4. Support. . 16. Jetring. 28, Cylinder.  , - :
5. Chock. : vy V7. detring. - 29, Choke-ring-seat (Ref}-
8. Lockwire. = - 18. Annulusring. _ .+ forrepair only.
... 7. Bolt. . 19; O-ring. . - " °  30. Shim.
—— 8. Pin, C s - 20. Chokering = | " r
9. Body. .-~ . «  21. Screw. ' ' : . .
_ 10. Vane, e a0 22 Plug. - S . AB.346
- Lo .« Figare 4-13,;~Water brake assembly, exploded vie¥.
. s, [ s, "
‘ . a : . 65 * -
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the average force requxred to pull at 4 constant
velocity. It shiould not exceed normal towmg
force for the catapﬁlt which! is 1,500 pounds

13. Repau any defects foted above prior to
any. further operatlons

14. InSpect the cylmder cover seals for

“cracks.

If there is a runaway shot in wh1ch the shuttle
end speed is in excess of 300 knots, do all of the
above and, in addition, lift the track covers at
the watei biakes and inspect the launching
shuttle. Look for bowing of the frame, loose or
deformed rollers, looseness of roller shafts, and
cracking or deformation of members and driving
lugs... ' 1

Whenever replacing a choké \ring, always.
check the choke ring NAEC part ril.mber. Some
choke rings can be used oply with/a water brake
spear having & certain NAEC part gumber.

PISTON REMOVAL. -Due tonormal wear or
- t6 a malfunction of the catapult, it miay be
deemed necessary to remove and replace the .
piston assemblies. This job can be accomphshed
while at sea. If you dre the senior ABE in a
steam catapult crew, the respon51b111ty for this
repair procedure falls on your shoulders. The.

. applicable manual of overhaul and maintenance

instructions for the type catapult installed
aboard ydur ship will have a step-by-step proce-
dure to follow in removal of these components.
Some of the important steps are:

1. Secure - all preheatmg and blowdown
receivers and the hydraylic system, and close the
main steam valve. ,

2. Moveithe shuttle approximately 50 feet
. aft of the wa‘er brake cylinders.

3. Remove . the trough covers and deck
plates. —

4. Place the tension tool over the end of the
strip tensmner rod and tighten the bolt on the
tool to compress the tensioner spring and release
tension on the sealing,strip.

" 5 Disc t the sealing strip from the
strip te sioner gui

plpmg supports w ch would mterfere with
hftmg the 9-foot cyli

,_\\\W,
o« M LIh

. -:(»” -
<
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8. D1sconnect the two forward cylinder .

covers on each cylinder and remove the forward
cover from each side, Removal of the forward
covers from the 9-foot sections requires breaking
the butt joints and pulling covers forward about
6 inches followed by movement of the covers in
an inboard and downward direction prior to
lifting (fig. 4-14 (C))’

NOTE. After the forward cylinder covers are
removed, remove the sealing stnp guide and
inspect it for signs of wear and orrosion.

+» 9. Disconnect the lubrication lines leading

_to the second cylinder cover aft on each row of
cylinders and remove the covers by pushing
them forward and lifting at the same time
disengaging ‘the sealing strip. Removal of these
covers provides freedom of movement when the
sealing stfip is shifted to one side.

" 10. Remove the bolts secunng the ~ water
zbrake splash plates to the 9-foot cylinder sec-
tions. The bottom plate may not be removable
prior to lifting the cylinders. In "this case secure
the bottom plate to the 9-foot cylinder with
safety wire or light line. Care must be taken to
mark the forward end of the bottom splash plate
toi msuT proper reinstallation.
f necessary, remove the upper and lower
track support bars to expedlte removal of the
9-foot cylinderss. This is not always necessary.

12. Remove the bolts that secure the water-

brake clamps to the buttress plate and lift the
water brake clamps, loosen but de not remove
the supports to the buttress plate to allow for
removal of the*chock. Screw an eyebolt into the’
chock and lift the chock away from the
cylinder.

13. Blow -down the cable equahzers on the
retracting engine and run out adjusting and
locking nut on the equalizers to throw maxi-
mum slaek in the towing cables. Keep count of-
the number of turns made on each adjusting nut

so that upén reassembly it will be easy to return .
the cable equalizer.to ifs original adjustment. %

14. Now bring the piston-shutfle assembly
forward to allow removal of thé shuttle, taking
precaution to prevent the shuttle from dropping.
Lift the shuttle from the pistons and remove it
with asuitable hoist (fig. 4-14 (D)). Y

15. Move the piston assembly aft until the tip
of the spear clears the 9-foot séction.
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CAUTION: The sealing strip must be

. anchored with a chain fall before moving the .

pistons aft. oo

16. After removing the studs, nuts, spacers,

and clamps from» both 9-foot power cylinders,
move the 9-fdot power cylinders forward ap-
proximatel%1 2 inches onto the water brake
cylinders. This can be accomplished by means of
a.cylinder. jack (fig. 4-15), a hydraulic jack, or
by a chdinfall rigged on deck.

17. Pull the forward part of the sealing strip -

and cables to the side opposite the cylinder to
be removed. This will result in ample clearance

and place it on the deck.'

67

- ’ *AB.348

Figure 4-14.—Piston removal.

1

to remove a 9-foot forward power Cylinder

section and water brake assembly. Handle the

* sealing strip with care. If it is necessary to roll .

up the strip, the inside diameter mugt not be less
than 16 feet. Do not twist er kink the sealing
strip, as this may cause pérmanent deformation.

18., Rig for removal of the water brake and
9-foot forward power cylinder section. Be sure’
that the hoist or crane can safely handle the
11,000-pound assembly. A hydraulicjack should
be installed under the water brake to assist in
breaking it loose. Remove the cylinder sectipon

’72 ‘l'x ‘o:'
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19. Remove the piston by pullirfg it forward
chainfall. As it is being remoyed, place a
loop around the spear, after first protecting its

finely machined surfage with rags or packing. As )

the piston barrel is eXposed, place ancther loop
on the after end of the assembly between the

I

’
~ .

20. After removal of the. pist;)n the same

“procedure is to be followed if the other cylinder ‘
and piston are fo be removed. Reassembly is the
reverse of the steps outlined above. When

reassembling, grease is applied liberally to the
chocks and brackets. Also apply grease to all

. -~

piston barrel and the strip guide. The rigging —bolts andﬂscrews to retard rusting. .

should be capable of handling an approximatély

s %
‘ / -
1. Cylinder. s 5 -
. 2 Endflange. "y 6. Hose and valve assembly. <
* 3, Ram. . H 7. Pump. .
4. Hose. . » _ . ;
: ' - L . AB.347
S : .. - Figure 416.~Cylinder jack. - . - . .

A

"2,000:pound assembly. This rigging should be  LUBRICATION SYSTEM e EE
secured to the crash crane. Provide adequate ' ' 4 Lo
biocking under the assembly as it is being . The lubricatiori system control valve is the

remoyed to prevent a 'down drop. After the
piston is removed, place it on the deck (fig. 414

@),

hl

. connection between the lubrication system and

the control system. It is a.three-way valve,
actuated pneumatically when the lubrication .

e, .68.~™ ’ " ",
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solenoid valve is energized. The solenoid valve is
- energized autgmatically at the FINAL READY
_ and RETRACT catapult conditions, or manually
when the LUBRICATION pushbutton on the
control console is depressed for approximately
. 10 seconds. This admits 150-psi air pressure into
the control valve and permits the hydraulic
pressure to reach the metering injector pistons
which send a pressurized shot of lubricant
through the injector nozzles, located in the
cylinder covers, into the launch cylinders.
Manual lubrication is required prior to
maneuvering for other than a short distance such
as during bridle tensioning~ .

Troubleshooting the
Lubrication System -

If the lubrication system as a whole is

. inoperative, _

_lubricant supply tank, loés of 150-psi air’supply,

or an electrical malfunction; fill the tank or

check the electrical components and con-
nections. . . . :

. %I’h@:flgtgxicatidn tank,. when full, holds ap-

x e YPEOKIMateElY 220 gallons. It is located at the

" midpoint of - the power cylinders to provide

. equal distribution of the lubricant.

—..: 7. If there are Jeaky hose fittings or inoperative

.-+~ injecter nozzles, it is pesnissible to plug lines

» - temporafily; however, these should be repaired
as soon as opefations permit. -+ %, -~

I

Lubrication System Periodic Inspection Chart
. found”in the applicable maintenance require-

ment cards. .

During operations, keep the lubricatign pump
running. ] e %‘é’
STEAM SYSTEM

p1i§d from the ship’s main propulsion boilers,
, The -steam piping andsjoints are installéd in
accordance with applicable sections of Naval
Ship Systems Command Manual. In addition to
supplying steam to drive the pistons, the steam

. before firing the catapult. Preheating is ac-
. complished by admitting steam into the finned

.

¢

_ through the steam bypass valve. -The flow

- during the time the catapult is being Dre

"bearing surface for the power cylinders during

the probable cause is an.empty

_ foot pad fittings should be cleaned, inspected,

- Inspect the lubrcation system, using the

P

Steam for ope:"'a‘tion of the catapult is sup- .

’ system is used to preheat the-launching cylinders,

tubing which runs the entire length of the e
catapult trough, or if shutle and. pistons -are
forward at the water brake, by admitting steam
directly into the launching engine cylinders

control valve controls the flow of steam from
the ship’s boilers to the steam receivers. The
steam receivers store the steam near the ce_ltapult
for use during launching operations.

One of the most important lubrication points,

or is cooling off to ambient temperature, is the
power cylinder foot pads which are. located in _
the bottom of the catapult trough and provide a

expansion or contraction. Lubrication of the-
foot pads is to be accomplished in accordance
with current maintenance requirements cards.
To insure the foot pads are actually taking
grease, twenty complete grease gun strokes are
required per fitting. It is recommended that the
foot pads be greased prior to warming up the
power cylinders, prior to cooling the cylinders
to aribient temperature, or anytime salt water
has entered the trough.

-Whenever the power cylindess are lifted, all

and pumped full of grease- to insure that .the
fittingsfnd lines are ftee of obstryctions.

Whenever the launching cylinders are cooled
to ambient temperature, visually inspect the
bolts securing the exhaust tee and the first
power cylinder, .

- -4

Launching Valve

The launching valve ‘assemblies admit steam
into the power cylinders to drive the, power
‘pistons and to launch the aircraft. They are
" located between the exhaust tees and the transi-
fion unit, and are essentially a set of hydraulical-
ly operated globe type valves. The launching
_valves consist of a steam valve section, a lantern
sectionr where a trunnion connects both launch
valves together,” and a hydraulic-operating’
cylinder section. (See fig. 4-16.) e
* Located on top of each launching valvé is 2
_femovable blank flange. These flanges -dre used
{6 bleed air from the system prior to hydrostatic
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- .Figure 4-16.--Launching engine.

testing Of steam receivers and are accessible
when the portable cover is removed. The laurich-
ing valves are operated hydraulically through the
action of solenoid wvalves. The solenoids are
energized and deenergized by the electrical
control system, admitting , or. releasing the™
2,500-psi hydraulic fluid from the retraction
engine accumulator to the launching valve
operating cylinders by way of the launching
valve control valve. Each launching valve
operating cylinder is equipped with a jacket
through which the fluid from the temperature
control system| flows to maintain the cylinders
at a constant temperature during operation. The
launching valves and exhaust valvé are hy- -
{dra’ulically and eleetrically ihteflockegl to

’ .,
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prevent opening of the exhaust valve while the
launching valves are open. A connecting shaft

(i\ig. 4-17) between the launching valves insures

simultaneous opening and closing of the valves.
The slotted metering rod, in-conjunction with
the primary orifice, controls the rate of opening
of the launching valves and provides. consistent
operation of the catapult for aircraft of different
weights. The metering rod is located in the
operating cylinder” The primary orifice is
located in the piping between the launching
valve control valve and port B of the operating
cylinder. ‘ .
Variaég{n;vin launching valve stroking rates. .

launching vixive stroke timer provides a means of .

4
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may se§ioysly affect catapult performance. The T~
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NONRETURN VALVE

TIMER CAM AND SWITCH
INSTALXATION

X4
¢
’

¥

14
CONNECTING SHAFT : >
»

) ; ,

ToP COVER

- - -

.

OPERATING CYLINDER

- . Figure 4-17.—Launching valve asssmbly.

[}

-
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detecting ~ deviations in the launching valve
stroke. The timer measures the length of time it
takes the steam valve piston to move .through

_ two predetermined distances during the launch-

ing stroke. A cam mounted on one of the valves
(fig. 4-17) actuates three ‘switches whith start
and stop two clocks located on the control

~

-,

[
A A

.

. STEAM VALVES~

LIMIT-SWITCH
ACTUATING ARM

-‘-‘. £
, ;\\ i

T

L

2. ~copsole (fig. 4-9). The time it takes the steam

=
ARy

s

\ T/

LAUNCHING-VALVE
7 LIMIT SWITCH(S3)
OPENING CHAMBER

CLOSING CHAMBER
METERING ROD

.
2

va_lve‘pistor'l to move three-fourths of an inch is
indicated on one of the clocks; the time it takés
to move 3 inches is indicated on the other clock.

Deviations in the launching valve stroke can be ~

detected by comparing the timer readings with
previously established timer readings. *

Minor repairs consist of replacing defective
packing rings, tightening fasteners, and correct-

!

A

; o C
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ing alinement of 4imit switch and valve com-
ponents. Be sure hydraulic lines are completely
depressurized before disconnecting them.

Replacement of worn or defective parts of the
launching valye operating cylinder may be ac-
complished without disassembly of the steam
valve. Relative Tocation of the components of
the operating cylinder is shown in figure 4-17.

The nonretum valve (fig. 4-17) is installed on
the launching valve lantern. It prevents the

. exhaust valve from opening before the launching
valves are completely closed.

Minor repairs to the nonretumn valve consist
of replacing O-rings and scraper caps, stopping
leakage, and making minor, adjustments. Be sure’
the valve is completely depressurized before
disassembly. Replace all O-rings and lockwire
when reassembling. Reassemble carefully,
keeping O-rings properly located. Locate adjust-

When the steam pressure is removed from the
cylinders the launching-engine pistons may bg

" returned to battery position.

The lantemn type exhaust valve (ﬁgure 4-19)
used on the C-13" type cafapults of aircraft
carriers CVA-63 and -64 consists of a steam
valve and an operating cylinder. The operating
cylinder opens and closes the steam valve. When
hydraulic fluid m the exhaust-valve control
valve enters tl,i? operating-cylinder opening
chamber, it moved the spindle to open the steam
valve. An orifice in the lower cover controls the

rate of escape of fluid from the operating,

cylinder. This stops the moving parts from
slamming open and possibly being damaged.
During the closing stroke, the fluid enters the
closing chamber and acts on the spingle to close
the steam valve. Limit switch S$4 is thounted on

.‘the lantern ¥ the exhaust valve, aid when the

able striker very caréfully to provide for proper

operation.

Adjust the striker on its bracket to allow the
exhaust valve to open when the launching valves
have completely closed, but not sooner. After
adjustment, secure the striker in position with
the locknut. There is no lubrication required for
the nonretum valve. .

Lubrication of the launching valves is as
follows. Keep the oil cups on the launching
valve operating cylinder- full of lube oil. As
required, lubricate the fittings on the trunnion
assembly. Foot pad grease is used as the lubri-

cant. Clean and lubricate all spindles, shafts, and .

sliding surfaces daily with lube oil. |

.The steam valves are essentially the same in
the launching valves and the exhaust valve. Note
the location of the steam valves in figure 4-17.
The main difference between the launching and
exhaugt valve steam valves is that the preheat
piping (15, fig 4-18) is found onfy on the
launch valves. s .

Exhaust Valve

'I'hérc, are two types of exhaust valves. One is
thé lanfem type and the other is the butterfly
type. Each one is hydraulically operatea and
“opens fo release steam from the launching
engine cylinders after the launch is completed.

exhaust valve is closed, the limit switch is
depressed by ‘the upper coupling of the piston

rod. When the exhaust valve opens, the upper

coupling moves to the exhaust position and the
limit switch is released.

Construction and operation-of the launching
and exhaust steam valves are sufficiently alike to
permit a discussion of both with reference to

“only one illustration (fig. 4-18). For a view of

the
figufe

haust valve operating cylinder refer to
4-19. .

or repairs to the exhaust valve consist of
replacing defective packing, tightening fasteners,
and correcting alinement of the limit switch and
compofients. Be sure hydraulic lines are
completely depressunzed before disconnecting
them. - -

Replacement of worn or defective parts of the
exhaust valve operating cylinder may be ac
complished without disassembly of the steam
valve. All parts, except the orifice (fig. 4-19) and
operating cylinder are similar to parts of the
launching valve operating cylinders. Parts are
accessible by removing the lower cover or by

-removing the operating cylmder from the

lantemn.

The limit switch i is aﬂJuSted as follows. When
the exhaust valve s fully closed, the switch must
be bearing against the upper coupling (fig. 4:19),
with the roller depressed eleven thirty-seconds

_inch 'from free position. In this position,. the

72

e

[



. . 1. Setscrew. . T
2, Piston rod nut.
3, -Upper coupling
- - 4. Washer,
o ~ &, Locknut.
.. Gland.
-7. Packing.
8. Spacer.
8. Flange cover.
10. Gasket

11._Piston chamber. ' . - )
\ Figure 4-18.—Steam valve breakdown. , . «

switch must indicate on the control console that
the valve is closed. Also, shim the limit switch
when necessary to bring the roller of the switch
to the horizontal centerline of the upper
coupling. . -
If the cause of a
from inspection of the exhaust valve, inspect the
control valve, solencid valves, and electrical
s&stem to determine' the, cause of trouble.

The only lubfication necessary on the exhaust

valve operating cylifider isto keep the oil cup
. fullofoil. . | :

The butterfly type exhaust valve is used on
the C-13 catapults aboard apiher carriers (fig.
4'20)0 . : ’ T S,

1]
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malfunction is not evident :

. the piston to close the

73

Piston rod..

. Steam inlet flange.”
Removable blank flange.
. Preheat piping

. Globe valve.

Steam outiet flange.

. Drain flange.”

Piston and insert.
Locking bushiiig.

. Setscrew,———— -

AB.351

The butterﬂ,)/{ype exhaust valve consists
principally of a 'valve bgdy, a disk, and a
hydraulic actuator. The(%?ﬂraulic actuator
opens and closes the valve. |
from the eghaustvalve hydrauliclock valve
enters the opening port,
open the butterfly valve,’-’-giuid entering the
closing chamber througl%ihé’ ‘elosing port acts on

falye. Fimit switch 54 is
mounted on the side of tfigigktiaust valve. When
the exhaust valve is closed-the limit switch’is

ten hydraulic fluid-

!

the- piston moves to

actuated by a cam attached fo the crank, and”

when the exhaust valve opens; the cam rotates
to the exhaust position and>the limit switch is

‘released. - A .

B!

[
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CLOSING CHAMBER— ‘.)’
Bl _—ORIFICE
SPINDLE
TOP COVER

—OPENING CHAMBER

UPPER COUPLING

EXHAUST- VALVE
LIMIT SWITCH S4

PISTON ROD.

’

AB.352

1T

; Figure 4-19,~Lantern type exhaust valve S'CVA-63, and -64), | o

LW

Exhaust Valve Control Valve CVA-64. The control valve opens and closes the
. y . exhaust valve by controlling the flow of fluid

The exhaust valve control valve (fig. 4-21) is into the exhaust valve operating cylinder. When
\ used with the lantern type exhaust valves hydraulic fluid from the hydraulic lock valve
ipstalled aboard aircraft carriers CVA-63 and * * enters the control valve at port B, the piston of

o w 4 I "ﬁ' ko o r?
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~ HYDRAULIC
. ACTUATOR

CLOSING PORT

{FROM EXHAUST-

"VALVE LOCK
VALVE)

CLOSING
~ CHAMBER

the controt valve 'shifts. The shifted piston ) ~ hydraulic lock yalveto the gravity tank, the

OPENING PORT (FROM
- EXHAUST~VALVE .
. LOCK VALVE)

CRANK

CAM

EXHAUST-VALVE |
CIMIT ‘
SWITCH 154)

—— DISK

’v

— VALVE (BODY

Figure 4-20.—Butterfly type exhaust valve. - - I e
~ - * N v

RN

allows hydraulic fluid from the main hydraulic ' piston of the control valve will shift. This allows
accumulator to flow through the control valve, hydraulic fluid from the main hydraulic ac-
through port A to port G, to the opening port of cumulator’ to flow through, the control valve,
the operating cylinder, and causcjgfthe exhaust ¢ through port A to port F, to the closing port of -
valve to open. When the pressurizéd fluid at port the operating cylinder, and causes the exhdust -
B of the control valve, retums. through the valve to close. - S

-5 L M

4
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FROM EXHAUST-VALVE
HYDRAULIC-LOCK VALVE
THROUGH NONRETURN

- VALVE (PORT B) " PISTOR

TO GRAVITY YTANK

- TO OPERATING CYLINDER
CLOSING CHAMBER (PORT F)-

%
.

4

‘ Hydraulic-Lock-Valve Panels

There are two hydraulic-lock-valve panels, one
for the launching valves and one for*the exhaust
valie. The principal difference betweén the two
" panéls is the manual lock, launch pilot latch, and
the indicator flag on the launchmg-valve
hydrauhc-lockwalve paneI (See figures 4-22 and_
4-23) .

“The launching-valve hydraulic-lock-valve panel
(figure 4-22) consists essentially of two solenoid-
- opérated air valves, a hydraulic-locksvalve

solenoid, a lock, a caution plate, and a hy-
‘drauhc-lock valve. The panel and - plpmg con-
" nectiofis essenhally complete the assembly.
There is no extemal linkage and the operation is
highly - reliable. The launchmg-valve hydraulic-
lock valve (ﬁgure 4-24) prevents the launching

~

v

Figure 4-2].—Exhaust valve controf valve (CVA-63 and -64).

L]

'FROM MAIN HYDRAULIC o
ACCUMULATOR (PORT A)— -

FROM MAIN HYDRAULIC °
ACCUMULATOR (PQRT C)
\

TO GRAVITY TANK
(PORT E)

J’-.

TO  OPERATING CYLINDER -
OPENING CHAMBER (PORT G)

*AB.325

valves from closing before launching is complete
When the laanch-pilotlatchi solenoid is
energized, a plunger is released from the hole in
the hydraulic lock valve, allowing air pressure to
shift the piston of the lock valve .when the
opening (fire) solenoid is. energized. Hydraulic
fluid- flows from port A through the lock valve
to port B. The fluid flows through the normally
open launchingvalve cutout valve, then enters

. the launchingvalve control valve causing the

I3

76 -

piston of the control valve "to shift. The hy-
draulic fluid also passes back- into port D of the

lock valve, and pressure on this side holds' the .

piston in this shifted" position until the closing
solenoid valve is energlzed ]

"When the plston is.in the posifion shown -in
figure 4-24, pressure acting on the. larger surface

of the:lock valve piston through portl A locks the'

¥
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Vaigd

CLOSING
SOLENOID

VALVE (CL)—

’

valve in this ppsition to kee;; the fgunching valve

closed. The valve is alsq locked, in' this position
when - the launch-pilot-latch solenoid is de-

Figule 4-22.—Launching-vaive\hydraulic-lock-valve panel.
7y .

energized and the’ plunger has returned into the

body of the lock valve. The position of the
plunger is indicated by a flag located below the
solenoid. (See figure #-22.) The flag shows red
when the plunger is down and: the sdlenoid is
energized, and shows white when the plunger is
up and the solenoid is deenergized. The valve
also has a manual lock which can be screwed
into the valve to lock the piston. A lock
positioner determines the position of the manual
lock. The manual lock Js only-placed in the
lockéd position as a safety measure to insure

T%; . .
i - - S
. !
R
.

—~

]

' valve aboard CYA(N)-65 and CVA-66 has five

AM CATAPULTS

)

_nections to-the lock valve. The exhaust-valve
-hydraulic-lock valve

OPENING (FIRE)
SOLENOID VALVE (FS)

S e

MANUA " ; .
- .NU L LOCK -
| LOCK POSITIONER \
| | AUNCHING-VALVE

'HYDRAULIC-LOCK VALVE

& . . .

LAUNCH-PILOT —LATCH
~ SOLENOID  LPL

INDICATOR i;LAG

__CAUTION PLATE

L S

€ AB.326

\
t .

that the launching valves remain closed when the
catapult is secured or during certain main-
tenance procedures. During catapult operations,
the manual lock is in the ufilocked position.

.. The exhaust-valve hydraulic-lock-valve panéls
(figure 4-23) installed- aboard CVA-63 and :64" .
are slightly different from the lock-valve panéls
installed aboard CVA(N)-65 and CVA-66. The -
two panels differ-in the type of lock valve
installed on the panel and the piping con-

aboard CVA-63 and -64 has
four ports; the exhaust-valve hydrauliclock

ports. .

MDA
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s . aboard CVA-63 and -64 holds the exHaustvalve*  thug open exhaust valve.- . .
*open during the retraction cycle 'of the cat - When the closing solenoid (CE) is energized, -
and keeps the exhaust valve closed during air pressure\admitted to the close side ofwthe
. » launching cycle. When the.opening solenoid (OE hydrauliclock valve assembly shifts the piston
© ' ip fig. 423) is. enefpized, air pressuré admitted (0 release th pressure from thé exhaust-valye-
to the opening Side of the hydraujic-lock-valve .control-valve 3nd the nonreturn valve, allowing
<" assemibly Shifts the piston and allows hydraulic the fluid to retuifn to the gravity tank. Then, the
‘fluid under pressure from _the,jmain hydraulic piston of the éxhaust-valve control valye shifts
accumulator- tg pass through the -valvé fo"the and shuts off the pressure to ‘the “ opening
«, -nQnreturn valve. The fluide passes at&mu the , chamber of the exhaust valve; this ‘allows hy- -
nonreturn . val¥e* "to the exhaust-vapfe co itrol  ._drauljc pressure frem the main hydraulic ac-
valve ;and causes the pistor in the exhaust-vglve cumulator to pass through the control valve to
Ml,valve to shift and allow fluid under the “closing chamber of the exhaust -valve, -
ressure 4rom “the main hydraulic accumulator causing the exhaust valve to ¢close; Hydraulic -,

- '_go pass_throygh“the. exhaust-valve control'Valve pressure working on the large surface of-fhe
. .o . P PN : 4 - f N 4 i

) f . - = .t N \ . . v e
¢ ? . . . =, - L -
-, . . . -,". * . s '78. /’ ﬂ’}‘ n . » , . . )
- AP Y . .- D B I LN f . . o~
-, ) ” 4 . LI ; . . i .
' . . . 3 e
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*.  The -exhaust-valve hyd'raulic"-loclg valve used %@ the' 3};5?1% chamber of the exhaust valve,
g .
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PORT E (TO-GRAVITY TANK.
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FROM OPENING (FIREY
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- , ' i iY-5
(3 . . - » . i ) - T ) .
o a - . " AB.328 -
» _ Figure 4-24.—Launching Valve hydraulic-lock valve. . . ’

w 3
hydraulic-logk valve piston locks the valve in the
close. position, keeping the exhaust valve closed.

The exhaust-valve hydraulic-lock valve (figure
4-23), opens, and closes the butterfly type
exhaust valve by controlling the flow of hy-
draulic fluid into the exhaust-valve actuator.
(See fig. 4-20.) When the opening solenoid (OE)
is energized, air pressure enters the open side of
the hydraulic-lock valve and shifts the pistons to
allow hydraulic fluid from the main hydraulic
_accumulator to flow through the lock vaive to

the* nonreturrr valve. The fluid passes thf

the nonreturn’ valve to .the opening port of the-

exhaust v,arve' actuator and causes the exhaust

« valve to open., Hy@raulic pressure acting on the

lock;valve. piston tocks the lock valve in the open
_-positidii- -until the _closing solenoid (CE) is
energized. Wheén ﬂle closing  solenoid-. is

. energized, ait pressure entering the close side of '

. the hydraulic lock valve shifts the piston and’

allows fluid from the main hydraulic ac-

" M ..

¢

&
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. — PORT C (TO LAUNGHING- #ANUAL LOCK

. PISTON- '
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i

. caution plate clean a¢ all times. Before installing
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LOCK POSITIONER
/,+ (SHOWN IN UNLOCKED

s

POSITION). _ -

’ /‘:’ B

HOLE #OR PLUNGER" .

~ T //‘ FROM LPL SOLENOID ~
> ; ‘ 2
‘ ] .

“-FROM CLOSING
SOLENOID CL

PORT A (FROM MAIN T
HYDRAULIC ACCUMULATOR) . N
3 . -~

~

cumulator to flow through the lock valve to the
closing poert of the exhaust valve actuator,
closing the exhaust ~valve. Hydraulic pressure
acting on the lafge surface of the lock valve
piston locks the valve in the close position to
“keep the exhaust valve closed.

Minor repairs consist of tightening hydraulic
and electrical connections, Panel bolts must be
kept tight at all times, since rigidity is required
to assure sifiooth operation of thé hydrauliclock
valve without binding or, chattering Very, little. *
trpuble should be experienced with the assembly
since there are no external moving parts.

.Normally, no parts replacement is required
except at overhaul. If leakage or malfunction
“occurs, fittings’or O-rings should be replaced as_
_required. Apply a thin coating of grease to <
securing bolts to retard rusting; and keep the

or replacing O-rings, apply a light coatipg of”

’ ’
-

‘= R . . . [
e . . «
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.




-

: panel; and

- (LINEAR AND ROTARY) ,
. The function of both the finear
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grease to O-rings located -on _the pistons in each |,
air cylinder of the hydraulic-lock valve assembly. -

- No adjustment ‘is required after the initial or
ovefttaul alinement of .the two solenoid valves,

‘the hydraulic-lock valve spool,and‘the assembly .
is required.for the .

Q Tlubricati
hydraulic-locﬂc valve pan?‘rl assembly.
Pressure Breaking Orifice Elbow

The pressure breaking orifice elbow assembly
(fig. 4-258) is g safety feature incorpogptenttirrs

the exhaust,

with the launching pistorna
~tion and the exhaust valve <[osed.

The orifice elbow assemply is located on the
exhaust manifold betweey the exhaust tee and
the exhaust valve. (Refer to ‘figure 4-16 for
location of the orifigé elbow.), The pressyre
breaking orifice elbo% permits steam that may
leak through the/Closed launching valves to
escape by bypa¥sing the exhaust valve, thxus
preventing a buildup of pressure in the power
cylinders behind , the launching - pistons. A

cause plemature breaking of the holdback
tension bar,-;\posfbly resulting in ipjury to
personnel working around fhe ajrcfaft, or to loss
of the aircraft: ST

The pressure breaking orifice elbow- assembly
consists of elbow piping flanged to-the exhaust

valve manifold with a 0.750 orificeig the piping, .

RETRACTION SYSTEMS -

- -

!

retraction engines is to hydraulically control the
movement ‘of the grab and to maneuver the
shuttle forward and aft when slow- 10vement is
required.‘Nonn\ally, the engines will be located
directly below the flight deck in close proximity
Jto the launching engine so that excessive cable
reeving and hydraulic lines and piping are not
required. The basic déscription of the newer
rotary retraction system has been _discussed

" “previously in this chapter; and due to the limited
_number of these units in the fleet, only the

linear retraction system is discussed in detail.

»
.

and rotary -

.

" -buildup- of- ‘pressure behimd~thi€ pistons could ™ " T

+

1Y
oy
Lo

&

&

VERBOARD EXHAUST LINE

+

™

AB.67
Figure 4-26.—Pressure breaking orifice elbow assembly.

L
-
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% Maintenance procedures and inspections for =

both the rotary, and linear systenis are to be

-accomplished by use of the current Mdintenanice

Requirements Cards, as directed by the weekly
schedule of preventive maintenance.

- Mast of the common problems that will arise

with the retraction engines will have to do with

air or hydraulic fluid leaks. Wheneyer there is a

leak, the remaining pressure must.be blown
down and the torque value of th¥ retaining bolts
checked and, if necessary, corrected. If this does
not correct the problem, the leaking eomponent
and/or packing must be replaced. When there is

chattering or binding, it may be due to misalined
e packing, or,wotn parts.,

S6me of the malfinctions that may occur, along -
_with their probable causes and corrections are

parts, binding. of

shown in table 4-2 for the linear retraction
engine and table 4-3 for the rotary engine. -

N
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Chapter 4—STEAM CATAPULTS

Linear Retraction Engine v

‘ Essentially, this system consists of the retrac-
tion engine cylinder, and piston, the main
hydraulic accumulator, air flasks, the, grab, the
_ cables which cotple the grab to the retraction
engine, the crosshead, sheaves, cable equalizers,
associated valves, and electrical controls and
piping. The general arrangement of the retract-
iffg engine is shown in figure 4-26.

The retraction engine cylinder and piston

convert the hydraulic pressure into motion of |

the .crosshead to cause advancement or retrac~
tion. The components are so designed thatg
when- operating in either direction, the re-
traction engine piston stafts slowly, travels at
maximum speed through the greater portion’ of
the stroke, and comes to a gradual stop. The
flow of. hydraulic fluid to and from the retrac-
tion engine cylindef is controlled by three
solenoid-operated three-way valves, one sole-
noid-operated fourway valve, one hydraulically
operated blocking valve, and three hydraulically
operated three-way valves.

The function of the retraction system is to
retract and position the shuttle and pistonr
assemblies to battery position after each aircraft
has been launched. Grab advancement is ac-
complished by forcing 2,500-psi hydraulic fluid
into the advance end of the retraction engine
cylinder by operation of the retrattion engine
advance three-way control valve and sotenoid
valve. Power is transmitted to the crosshead and
thence through_the cable system to advance the
grab to the forward end of the track, causing
automatic engagement of the grab with the
shuttle. The advance stroke buffer slows and

stops the forward motion of the grab, crosshead;
and retraction engine piston at the end of the

. _advance stroke. After the grab has engaged with
* the shuttle, 2,500-psi hydraulic fluid is admitted
to the retraction end of the retraction engine
cylinder. The motion of the crosshead is then
reversed and the grab brings the shuttle and
piston assemblies to, battery position., . The re-
* tract buffer slows and stops the motion of the
shuttle and piston assemblies, .grab, crosshead,

Linear Retraction Drive System

R |
The drive system (fig. 4-27) consists of a grab,

" two advance cables, two retrieving cables, an

-advance cable equalizer, a retrieving cable
equalizer, a crosshead, and various sheaves. The
drive .system operates in conjunction with the
_retraction engine and hysgraulic system to
advance the grab tg€the shuttle after launching
and retract the b and shuttle to battery
position. . )

L

Grab

When driven by the retraction engine, the
grab advances the length of the shuttle track,
automatically engdges with the shuttle, with-
draws the shuttle to battery position, and
secures it until the catapult is fired. Figure 4-28
is a drawing of the gre¥’

The grab is 4 spring-1daded latch, mounted on
a wheel frame and installed within the shuttle
track behind the shuttle. The two retrieving
cables are fastened to the aft end of the grab,
and the two advance cables to the.forward end. -
After a launching, the grab is pulled forward the
length of the shuttle track by the drive system,
and. automaticaliy latches to the shuttle with a
positive-locking device. Diagram A of figure 4-29
shows the grab in the unlocked position, ap-
proaching the shuttle. When the grab latch (5)
comes in contact with the shuttle clevis pin (6),
the latch rotates and the latch cam follower (8)
moves out of the cam detent (7).n the lock
block (9) and continues upward until it reaches
the top surface of the lock block. The spring-
loaded lock block then moves undei the cam

follower, trapping the latch and locking the grab "

to the shuttle clevis pin, as sgown in diagram B.

“The grab wjll. not release the Suttle until both

have.been retumed to battery position and the

grab unlocking mechanism is actuated by the

‘bridle tensioner. When the ,bridle-tensioner

piston rod moves forward, the -bridle-tensioner
buffer cap (11) pushes the grab pushrod (1)

inward until the buffer cap contacts thé ‘grab -
, block (2). When the pushrod is pushed inward,
the lock block (9) is pulled from under the latch

.and: piSton in the retraction engine cylinder at

the end of the stroke. cam follower and the latch is freg'fo rotate and %'
. ’ > 4 . . - ! ‘;’ . . i ’
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%igggle@é the shuttle, as shown in diagram C. When

e

il e shuitle and bridle tensioner moye away from
Wigthe Sgrab, the grab remains in the unlocked
- - position, as shown in diagram A. During no-load
#tests the grab and shuttle must be unlatched.
- The grab is manually released from the shuttle,
* as shown ip diagram D. A manualrelease dis-
engaging lever (12)'is placed’ over manual-
release arm (3), which is accessible throuzh the
" “track slot. The disengaging lever is then lifted up
~ and pushed forward, This motion pulls the lock
" block ‘from under. the latch cam follower and
frees the latch so that the geab and shuttle‘can
be séparated. - - ~ :
WARNING: The manuakrelease disengaging
" lever must béeremoved from the ‘grab during
-normal operations.

» ¢
o .

A Figure 4-26.—Linear retraction engirie. .
L= - ~

* equalizer when

"Cable Equalizers ’ ¢ ‘o
) R i
The advancé and retract cable equalizers (fig.
4-30) operate hydraulically to- keep the tetrac-
tion-engine fables tight. Mydraulic fluid under
pressure flows directly jnto the cable equalizer,
keeping tension on both sels -of cables. When

..one ‘set of -cables is loaded, the other set

bg:comesé slack. Slack is taken out-of the retrac-
tion-engme cables by motion of, the equalizers.

. A.check valve in the supply pipifig to each: cable

equalizer allows rapid flow of fluid“to the
the cables become slack, and
prevents arly retuin flow in this piping. When

- b

cable load is applied to the equalizer piston,”

“fluid flows back to the reservoir through the

vent piping. When -one cable equalizer is work-

‘
~
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Table 4—2.—Mélfunctions, linear retraction englne

Trouble

Probable cause

Correction

a Catapul‘t will not retract or
-, advance.

.
B \
)
»

No bridle tension.

,
-

Wiring to applicable pushbutton
is open.

Transfer %%‘tch on EMER-
GENCY making the deck-
edge panel in tive.

No hydraulic pressure

Hydrauhc leakage or closed
valve.

Broken or bdund c;ble.

i = . N
One or niore solenoid valves
" inoperative. '

" Defective relas;. .

- "‘

Retract or advance three-way -~ -
valve inoperative.

A
Retract or advance buffer
limit switch not actuated.

: Bridle tensioner full in limit
switch not actuated.

Bndle tensioner plston fully
extended .

Wiring to pushbutton open, B
pushbutton defective, or
transfer switch on EMER-
‘GENCY, making the deck

»~ edge panel inoperatiye.

Solenoid valve inoperative.
"Bridle ténsjoner piston binding.
) 1 B , .

Hydraylic leakage in bridlé

. tensioner piping.

*Start main hycraulic pump.

. Repair as necessary.

Repair as necessary. -

Turn transfer switch to ) :
_NORMAL after determining
that deck edge panel i$ not
- damaged. .

Repair leak or open valve.

'Repair reeving as necessar$.

M)
Repair or replace solenoid valve.
Check electrical connectlons
. tosolencid.

Repair or replace-relay. |

v/_

-Check for m{emal-bmdmg of - - -]
piston. mp . .

Reahne limit switch for correct
tripping action. Check limit
switch and replace if faulty. -

Check tensxon on limit switch
control cable. Replace limit-
sthch if faulty

Reposition alrc;aft éf dead load
- and retension.

-

-

Repair or replace solenoid valve.

Inspect and répair cause of
binding. ,

-

Repair leakage as necessary. ~
- . ‘o -

[ 3
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’ “ T gble 4-3.—Malfunctions, rotary retraction engine .
" - - L,
- [y
g Probable cause Correction

“Trouble -

L

~

External fluid leakage.

~

Excessive noise.

’

Binding.or extessive
vibration of drum.

¥
- -

[ I
]
f

llneven or erratic operatxon
of cable tensioners. .

~

- Crackpd welds. -

. Lack of lubrication.

-

. Worn slippers, or slippers im-

-~ Loose cable clamps. -

Faulty seals O-nngs, or ,
packmg. - .

é
»

Adr in hydraulic system.

Bearing wear.

Burrs or scoring of drum
grooves. .

Air traeped'in cylinders.

Accumulator not pressurized
properly.

Replace faulty parts

Ref)‘air welds.

o - ¢

Bleed air from system.

Replace bearing(s). \/ '

Lubricate sHafts. e T

Hone out as necessary/ lubri- .
cate grooves and ¢able.

Secure cab'le clamps.

-

Blee(-i~offC air. from hydrauhc
-fluid. -

Adjust pressure sgtting. |
Q . K

Trav¥rse carriagé misalined. . " Replace or shim shppers to
- C L properly shimmed. alinement. ,
Faulty electrical system.. .. .Ix(ée connections.’ - Secure.connections.
P - ~ . °
- [R . . “
. ) ) -Faulty components. " "Replace as required.
NOJE" Electrical system repair work should be handled by a'f;(alliﬁed Electrician’s Mate.
. - . - ’4. ) . -
. ¢ " ',, . . \ ! ’
. K A .
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- . . . Figqré 4,»27’.-;Linear retraction engine drive system.
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..ing the adjusting nutf on.the opposite equalizer
is bottomed and actsids cable anchor.

The cable equalizers are also qised to adjust
the position of the grab to obtain itleal batery
position of 16 inches t 1 inch, measured from

. the after énd of the'ﬁrxab to the aftet end of the
" catapult track. - . . . .
" Maintenance and adjustment of .the table
equalizers. is performed in, accordance. with the
applicable maintenance requirements card. The
most frequent maintenarice encountered with
cable equalizers is replacemént .6f -packing, and
making routine adjustments to maintain ideal
battery positiop-;’ .

- - - .
o

-

&~ .

. : ' N

LA - N -

Ca@d Sheaves . -

" Jhe ‘cable system, as shown in figure 4-27,
 transmits energy from the retraction engine to
.the grab. The cables are reeved around the -
'sheaves in the retraction system to obtain a
‘reeve-ratio of 16 to 1. The cables are made of
9/164nch .diameter wire rope. There aré four

cables, two for advance and two for retract. -

NOTE: Wheri replacing cables always replace«
" both advance or retract cables at the sarme time.
.. [Each cable is equipped on one end with a
" swaged cable fitting' which is attached to the
_grab, The cables are cofinected at’the opposite

w. s ¥ i
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- figure 4:27°)

L4

.

‘,' .. "‘ - .
: . .

end at the retract engine by teeving one ‘cable
‘around the' cable,
“lapping the othér-ca lg. They" are then_held
together by means

New cables will stretch wi

. . »
s LAE X 2

. o ..

ualizer sheave and over-
of*ca le"clamps. (See insert,
H . ) < .
] _ ; use, and if, aftey

* operation of the retraction, engine, the ca
* = have stretched in excess of the amopunt-that can

3 * - .
] . 1. Pushrod. . 11. Block: )
2. Block., - 12. Cam follower.
3. Spring” < 13. Upper tie bracket. " . o,
Lt : - 4, Manual-release arm. 14. Latch, . >
A 5. §lide shaft. 5. Bufferplate. | )
‘ ] 6. Link. * 16. Bracket.’, .- > .
o . 7. Lubrication fitting. . 17. Shaft., R s .
. 8. Spring. ~ . 18.. Wheel assernbly. ) .'_(' 1
v 9~Plate.. - N 19. Link. b T -
) 10. Support. 20. Lever. . - - .
. o ) ‘ -' . o
- - . . . : © AB.186 |
) - Figure 428.~Grab, < ; - L e L L
~ * . L , . s " 2 - »’

Na'™
. ~ -
.

"bé compensated by adjustment of the c?'ble \
.. equalizer, the cable’ clamps must be removeds’

repositioned, and. new cable clamps installed to
clamp the endsof the two cables together. «

"~ 8heaves guide and’support the cables between
the shuttle frack and te retractien engine.

. Numetqus lead $heaves are used to guide the - -

ey -

cables from the grab to-the retraction engife and

L 4
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IAGRAM A ©
KED POSITION- APPROACHING SAUTTLE

TDIAGRAM
KED—-SHUTTLE FREE TO MOVE FORWAR

- .

1. Pushrod.

2. Block.

‘2 Manual release arm. ~

4, Latchspring ~ .
5, Grab latch. ~ . -

6. Shuttle clevispin. . <

-

change the *able direction as requxred by the
fslyp ’s installdtion. | _

. Two fixed idler sheaves are mounted on the
cylinder.ext mon and two on the retract buffer
end of the
, the cables to the cable equalizers.

“The ‘two fiked fead sheaves mounted near the
cylmder extehsion on the retraction engine tum
, thé rétrieving cable 90 degrees as it enters tiff
Ietractxon engie. . .

'BRIDLE TENSIONING SYSTEM _ . .

The bridle tensioning system’eonsists ot‘ the
bridle tensioner (fig.*4-31), a bridle tensioner
control valve .which is actuated by a solenoid

‘ operated mr valve, a presspre regulator, a.

Figure 4-29.—Grab operation sequence.

!IdCthl'l engine. These sheaves lead . .

is attached to the aircraft. The bridle tensioner is e

DIAGRAM B .
ATCHED & LOCKED TO SHUTTLE

12—\~ 3 M
_2TNA_/ DECK LINE
N o

-

4
A

'i 3] | EWNWY

— /
=7/

DIAGRAM D . ..
MANUALLY UNLOCKED

7. Cam detent
8. Cam follower.
9. Lock bloghk
10. Manual-ralease-arm stop. *
° 11, Bridle-tensioner buffer cap.
;o 12. Manual-release disengaging lever.

-
*
y A

-

-

pressure set regulator valve, a relief valv
accuinulator, two bridle tensioner limit s ‘

and associated valves and _piping. Associa :
with the bridle tensioning system is the holde# .-
back installation which provides a means for
securing thé aircraft during bridle’ tenswmng.
Daring hookup, the aircraft 4 otted in posi-
tidn, attached to theshuttle spréader by a bridle

or pendant, arid the’ aircraft holdback assembly’ ‘

then -activated . to apply force against the grab *
and move the shuttle fotward to tehsion the
bridle. A relief valve is installed in the piping
system to prevent excessive -hydraulic pressures
from causing premature release of the aircraft
from the holdback. .

-
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.o Eigure 430.—Cable equalizers. = .
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Bridle Tensioner L Vo . the thrust unit, and a saddle which fastens to the
The bridle’ tensioner (fig. 4:32)'is located at by piping to the bridle tensioner control valve,
the aft edd of the catapult. It consists of a the retraction chamber is connected by piping to
two-way hydraulically operated piston, a piston a reducing valve. Hydraulic ﬂuiq for both-lnes is
‘cylinder, a cylinder support which, mounts on "tor, but is reduced by a reducing valve.to the

’ . k7

) ° . ﬁh
Q . i ’ ).- - e - o . TNed
]

0

track cover. The,advance chamber is connected .

rod fitted with @ ram Support and buffer cap, a . supplied ‘from the -yetraction engine accumula- .
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AGTUATING ARM

" BRACKET

BRIDLE-TENSIONER

© FULL-OUT o
LIMIT SWITCH 528

. . - ."r'
- S
/

N Vd
gglr?sligﬁen - .t ‘
SOLENOID gﬁlgtg-'rgusnousn

LIMIT SWITCH S41 °~

. .VALVE(TD)

* -AIRLINED

BRIDLE-TENSIONER °
THREE-WAY
CONTROL VALVE

HYDRAULIC FLUID LINE
(RETURN TO GRAVITY TANK)

BRIDLE-TENSIONER
~ SURGE ACCUMULATOR

FROM MAIN ..
HYDRAULIC -t
ACCUMULATOR

DOUBLE
INDICATING
g GAGE .

. PRESSURE_SET
REGULATOR VALVE
(MANUALLY OPER) —

FROM AIR SURPLY'UNE_ .

) - o . ) d vy
< “ oL -~ : . ; .

) T . = Figurg4-31.~Bridle tensioning system.
pregsure, required to produce the desired the systemy There is a constant supply of
horizontal force against the grab. An accumula- hydraulic pressure to the forward end of the

- tor 1s provided between the reducing valve and bridle tensioner when the system is charged. .

the bndle tensioner control®alve to protect the __ During bridle tensioning, pressurized fluid enters = /#

. - reducing valve and @in constant pressure in ) the after end of the bridle tensioner. An .
» '. . ,:.'\ o ) ';89 ”,. * i gd N R ] "
" 2 '.0 N .- Vs *’ - . <, »w . 0 . » ) ] ‘ ., .- :
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[4 .
unbalanced force is set up due to the difference
in surface area on the two sides of the piston
and the piston is driven forward. The buffer cap
on the plw hits the aft end of the grab,
forcing the grab and shuttle forward. The rollery

. on the ram support ride along the shuttle track, .
keeping the piston rod properly alined. After the'
catapult is fired, the control valve shifts, venting
the pressure in the-bridle tensioner advance
chamber back to gravity and causing the bridle -
tensioner piston to retum to its battery position.

There are two limit switches in the bridle
tension system, FULL OUT and FULL IN. The
bridle tensioner. FULL OUT limit switch
prever he»catapult from firing unless there is -

- bridle tension. Bridle tension cannot be insured:
if the bridle tensioner- piston. rod ‘is fully .
extended. When the bridle’ tensioner pxston rod

. is nearly FULL OUT, an actuating arm moves a

"\ cable which actuates a limit switch, deenergizing

the STANDBY relay and preventing STANDBY
cordition from being completed. The bridle
terisioner.piston rod must then be retracted, the
aireraft respotted, and bridle tension reapplied:
The bridle tensioner FULL IN limit switch
prevents damage to the grab and bridle tensioner
by insuring that the bridle tensioner piston rod
is FULL IN before retracting the grab, shuttle,
and pistons. When the bridle tensioner piston
rod is fully retracted, the actuating arm fnoves a
cable which actuates a limit switch and dllows
the retraction operation to be completed.

=

‘Holdback Cleat Installation

|

The holdback cleat (ﬁg, 4-33) prov1des a
means of holding the dircraft in place during
bridle tensionimg. It is installed i the deck
directly behind the bridle tensioner. Cutouts
along the entire length of the cleat .permit"
attachment of \Jifferent length aircraft. A link *
coupled to a holdback unit attached to the
aircraft, is inserted into the appropriate cutout.
When the_catapult is fired a tension bar or nng
in the holdback unit breaks, releasmg, the a1r-

<

craft. o Lo

%
Ry
1e e ctncal system_of the C 13 catapult
mcludes ontrol components such as lights,”

Elec c System

A3
A S,

et Provided b i Y

‘jﬂ{c IS L

Yo .t ‘ . a _90 ) v ﬁ‘

rl

.

PISTON ~ ¢-
FROM BRIDLE-TENSIONER
THREE-WAY CONTROL VALVE

VE o

4

AB.192

‘Figure 4-32.—Bridle tensioner (typical).

-
-~
~

pushbuttons,

limit SW,lfCheS, toggle switches, =

_ panels and associated fuses, wiring and junction -

boxes, relays, solenoid valves,” pump-motor sets,
and special indicator szfstems (cylinder elonga-
tion indicator and velocity indicator). All panels,
solenoid valves, and relays (except two individ-
“ually houised 440-volt refays for the main hy-
draulic pump and motor set) use a conventional
115-v5}t single-phase, @0-cycle a-c supply.

When troubleshooting the 115:volt,“60-cycle
- electrical system of the Type C, Mark 13

catapult considerable assistance can be obtained-

in tracing“a specific circuit by using the ap-
plicable . wiring drawing. Overall functional
operation cag best be understood by studying
the electrical schematic diagrams; which show in
simplified form the interrelationship of. the
-components of the electrical system throughout

the cycle of operation. While conducting the_~
con;rol' system' test procedure, observe where'

use these indicators as
céuse of malfunction. °

WARNING Always obsetve extreme care to
prevent electrical Shock while troubleshooting.
When replacing a component, open the main
-supply switch and hang a warning sign on it to
prevent 1nat’iyertent closing of the sw1tch by

+ otherpersonnel.

deviations occur from a?ticipated Tesults; then

clue in locating the. .’

The following miscellaneous notes apply to -

electrical troubleshootmg throughout the, cata-
pult:

1. If after replacement ‘of an apparently
defective light, switeh, or other component the
con{ponent continues to malfunctlon, check for
a lvose or dlsconneeted wire at the component,

»

>
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- . 1. Filler block.
_ 2. Retainer block.
’ 3. Link. .
4. Holdback unit.

v,

or the other end of the wire at the terminal stng
or junction box.

2. Repeated blowout of the cxrcult breaker or
fuse indicates overload or short circuit. Be sure

an overload coil of the corréct value is used in -

the circuit breaker, and a fuse of the correct

" value is used in the fuse box.

3.-Th case a defect is suspected in a relay or
.solenoid valve, check for the followmg
a. Visible sxgns of coil overheating due to

- overload.

b. VlSlble broken wire in coil winding.

C.: Loose wire connection. ‘

d. Damage due to steam, watér,” or " oil
_having leaked into the component. S

L4 “

Figure 4-33.—Cleat installation.

e

1. FILLER BLOCK
2. RETAINER BLOCK
3LUNK .

4, HOLDBACK UNIT e
5. HOLDBACK CLEAT : ~
4 6. SCREW : T

7. DOWEL PIN )
« 8.SLOT SEAL - -

5. Holdback cleat.
6. Screw.

7. Dowel pin. -

8. Slotseal.

AB.93 .

. 0
4, If lines are open or shorted in the trough

" “or conduit, check for defective lines. Investigate

areas along the run of the ljne, Cab}e or conduit
where weldlng or dnlhng has been done recent-

ly. .
5. If 1ns{11ation appears to be breaklng down

on a partlcular line, replace the line as soon as

possible—do not wait for a short circuit. If lines
break down repeatedly, investigate the cause. It
may be' dampness, high ambient temperature, or
an object cutting through the jinsulation. If
possible, move the conduit or trough to a new
location. Be sure.all terminal tubes and packlng
are secure an watertlght
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6. Replaee or repair sw1tch and relay contacts
which spark during operation. Sparking is a’
_potentiually dangerous condition and should be
" corrected at once. ‘- ’

- ’A [

‘ Troubleshooting'Elthrical System

NQTE: Troubjeshooting and maintenance of
electricdl systems will bg accomplished by an’
EM designated as the catapult electrician. “The
senior ABE should know the_electrical System to
enable him to assist the catapult electrician in
ﬁndmg an. electrical problem, thus expedltmg

. returg. of the catapult to the up status.
’ In troubleshootmg the launching, lubrication,
and steam systerns, proceed as follows:

. Be 3ure the .main power switth is ON and
that SUSPEND swrtches have not been placed in
the SUSREND posrtlon )

2. *Check for malfunctions by means of lights
on the malfunction panel of the control konsole.

pertment
Manual LAUNCH ' COMPLETE on
emergency‘ panel of control console. .
. b. .LUBE o1l control console. ¢
4,, Checkt whether the ‘transfer switch, has

* been tumed to, the EMERGENCY posmon, thus *

deactlvatmg a control panel.

5. Investigate the possibility that the trouble
is, nonelectrical (stuck valve, low hydraulic or
pntumatic pressure, or similar cause).- Check
thoroughly . the confponent or components
which the symptoms indicate may be defective.

6. Check supply voltages with a voltmeter.

7. Where possible, observe mechanical actua-
tion'of a suspect limit switch. Be sure the swrtch
is securely boltsd in its proper position,

8. If launching engine components appear
normal, investigate other components.in the
circuit such as relays and pushbuttons.

9. Check*for an open or shorted line between
. components. Check applicable junction box and"
termmal strip connections.

In troubleshooting the retractlon and bndle

|
:

P o
- - —

“ tensioning control system,.proceed as follows.. - .

| 1. Be sure the RETRACTION ENGINE SUS-,
| PENSION switch has not been operated.

2. Check for matfunctionsgby means of lights
w on auxiliary panel. If the catapult will not

EKC R

' 3. Check the following by, pushbutton, if
A\ ’ .

' -

advance, check usually whether the advince

" buffer is out. If the buffer is ouf, depress the
MANUAL ADVANCE pushbutton on the con-
trol-console.

3. ChecK whether 2 transfer switch has been
turned <o EMERGENCY, causing a control
panel to be deactivated.

4. Check .sheaves, "cable, hydraulic’ pressurz '
t

supply, and ‘other nonelectrical componeén
whrch may be causing the malfunctlon Check
thoropghly any symptoms in"a component
which indicate that it may bé defectlve .
% 5. Check supply voltages with a voltmeter. ..
o 6. Observe mechanical actuation of the 11m1t

" switches. Be sure .that each switch is securely )

bolted in its proper position.

7. If retraction and tensioning engine compo-
nents appear riormal; investigate other compo- ,
nents such as relays and pushb uttons in the same
circuit. ,’ .

8. Check for open or shorted lines between
components. Check applicable junction box and
termiftal strip connections. ,

During a sequence of operations, certain
malfunctions may. peeur, which will remove the
catapult from operation. As a senior ABE you
. should be able to recognize when a malfunction -
does occur and where the trouble lies, and
immediately m1t1ate the proper steps that aust

be taken.
A malfungtlon of any of théelectrical compo

nents.in’ the system, or disconnection of .any
elecfrical wire; may result in failuré, of the
catapult to launch when the FIRE bufton is
preSSed Bmdmg of mechanical parts, or hy-
draulic blockage, may “also Gause a hangfire.
Proper dlsc“harge of opkrational and maintenance
duties is the best guarantee against hangfire and
its resultant danger to personnel and equipment.
If the catapult does not fire within 10 seconds
after the fire pushbutton has been depressed, a
-hangfire ‘exists and the following procedures
must be followed to remove the aircraft *from
the catapult. (NOTE. The procedures to remove

an aircraft from the catapult after a hangfire has -
been declared by the launching officer are
changed and, updated periodically, and the
" actual pro¢ed to be used, for individual ships
“and catapults are found in the applicable hand-
book of opgrating instructions (NavAir 51-15,
(Series), Section 111).) The hangfire procedures

[ .
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discussed below are the procedures for the C-J3 -
-and C-13-1 catapults installed aboard CVA-63
through CV A-66. S ) >

1. ‘Procedures in case of'a hangfire during d‘a);/

“*flight operations (conventional bridle/pendant

hookup). i '

, . a & the catapult does not fire within 10

seconds :after"’ithe fire button is pressed, a,
hangfire exists and_ the airtraft must be removed’

*from the catapult. In this case, the catapult

suspend signal is given.

WARNING: Personnel will not_go under the .
" aircraft until the  throttlesback ‘signal has been

given. Under nprmal conditjons the aircraft will
stay at mulitary power until the bridle/pendant
has been disengaged from the aircraft. If the,

"/ bridle/pendant cannot bé, disengaged using the

procedures below because the shuttle cannot be
moved forward or aft, other procedures dis-
cussed later in this chapter must be used.

b. The. catapult officgr signals hangfire to

) the deck edge operator by pointin,g,;hg.indeX‘
finger of one ‘han(f to ‘the palm of his other

hand. .
.« c. The catapult officer follows the hangfi

'signal with the untension aircraft signal by

pointing one¥iand in the direction apposite to

launching. - . )
d. The deck edge operator observing these

. signals shall immediately actuate the suspend
switch-and phone the console operator to close

the emergency cutout valve. . .

. 'NOTE: When -the deck edge control panel
- operator observes the signal *from the catapult
_officer that a hangfire exists, he relays it Yo the
console operator via sound-powered phorie. Dur-
ing the verbal commuriication between the deck
.edge control panel operator and the console
operator the word “HANGFIRE" will NOT be
used! The deck edge operator will say, “CLOSE
* THE EMERGENCY CUTOUT VALVE,” and
will repeat it to insure there is no missunder-

standing. . . .

. e. The console operator shall remove the
_cotfer pin, unscrew the stop screw, and rotate
“the handle of the launching-valve cutout valve to

- the emergency position. He shall then push the
maneuver shuttle aft pushbutton S39 on the

emergency panel and hold it for 15 seconds to
_ “release bridle tension. ' '

“ ‘ *

WARNING: The launchingvalve cutout valve’
handle SHALL NOT be rotated from the emerg- -
er?ty “position until steps f through j have been
accomplished. : ‘

f..If the hangfire was caused by an electri-
cal failure, the console operator, after rotating
the launchingvalve cutout valve to the emerg-
ency _positiori, shall call the, retraction engine
operator to inform him of a power failure. The
retraction engine .operator shall depress the
manual override pushbutton on.the maneuver -
shuttle aft valve to manually maneuver the
shuttle aft. ~ ! .

g. The catapult crew shall remeves¢ the
bridle or pendant from the aircraft and shuttle

.,h. The catapult officer_shall then give the

throttleback signal to the pilot. *

i. The aircraft Is then removed from the
catapult by the catapult spotter (director).

j. After the aircraft is removed from the
catapulf, the steam pressure in the receiver shall

. be reduced to no:load pressure.

~ . K The launchingvalve cutout valve shall
be returned to normat position with the:stop
.screw propetly instaHed.’Tfle‘ control system
shall be operated through the entirg operating
cycle to determine and eliminate the cause of
"the hangfire. Two no-load shots shall be fired
prior to Tesuming normal launching operations.

2. When using conventional bridle/pendant

. hookup; the procedures to be taken in case of a

hangfiré during night flight operations are the
same as those used for day operations except for
the signals usgd. During night operations, the
catapult officer gives the signal for hangfire by
holding a red wand" over his-head in the
horizontal position. N :

3. The procedures to be followed in case of a
hangfire during nose gear launching day opera-
tions are: "~ - T

a, Follow the steps above for hangfire
prggedures for conventional bridle/pendant day

.* opétations through step f.

Jb. The launch bar is disengaged from the
shaittie and the shuttle is maneuvered forward.
“NOTE: Each catapult crew.shall be provided
withsa suitable tool to manually raise ‘the launch
bar (which is under spring load) while maneuve-
ring the shuttle forward. The fool insures against
hand injuries whén handling the launch bar.

3 , . )
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<. The catapult officer shall then give the
pilot the signal to throttle back.

d. The catapult.officer ‘then turns the
aircraft over to the catapult spotter (director).

. e. The director signals the nose gear launch
operator to move the aircraft aft

f. The nose gear launch operator presses
the buffer aft pushbutton causing the aircraft to
move aft.

»g. With the buffer and the aircraft in the
aft position, the director 51gnals the pilot to hold
brakes. .

h. The nose gear launch operator, ob-
serving the hold brakés signal, presses the buffer
forward pushbutton to slack off-the trail bar.
The catapult crew disconnects the trail bar. |

i. With the trail. bar removed the director
removes the aircraft from the catapult.

_j. With the aircraft removed, the console'

operator can now reduce, the steam receiver
pressure to no-lead pressure.

. k. The launchingvalve cutout valve' shall
' be returned to the normal position, and the
control system $hall be operated through the
entire cycle to determine and eliminate the
cause of the hangfire. Two no-loads shall be
fired prior to resuming normal launching opera-
tions.

4. The procedures to be,taken in case of a
hangfire at night during nose gear launching

operations are the same as for day launching .
operations except for the signals used. Signals

-used during day and night flight operations
aboard carriers can be found in Section III of
the applicable catapult handbook of operating
instructions, NavAir 51-15 (Series).

5. The following procedures’ shall be used
during a suspend or hangfire situation using
conventional bridle/pendant hookup when, due
to failure of the grab to latch onto the shuttle,
the shuttle cannot be maneuvered aft following
tensioning.

WARNING: The catapult officer shall not
signal the pilot to throttle back until he has
positively determined that the brldle/pendant is
no longer attached to the aircraft, or when
operating with nose tow launch, the catapult
shuttle is forward of the launch bar, except for
the “following emergency, condltions. If the
bridle/pendant cannot be removed or the launch
bar cannot be raised without sending personnel

. " ms s

EKC o ’
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under the aircraft, the catapult.officer shall
posmvely determine that the catapuylt is in a safe
condmon then step in front of the aircraft wing

and give the throttle back signal to the pilot.

a._ Attempt to remove the bridle/pendant
by . pressmg the bndle arrester return push-
button.

b. If the lanyard tension is insufficient %o
pull the bridle/pendant from the aircraft.hooks,

the catapult offiCer shall signal the pilot to.

throttle back, and the catapult crew will attempt
to remove the bridle by shaking the bridle or

_pulling on the lanyards. -

c. If the bridle/pendant cannot be removed |,

as described above, the shuttle must be towed

aft utilizing a cable assembly provided with-a*
hook on one end and an eye on the other. (The ~

cable must be of sufficient length to clear the
widest' aircraft landing gear.) The hook is

.;mchored to an” aircraft tiedown that has been

‘marked for quick identification, and the cable is
stretched across the deck in front of the.shuttle
spreader, with the eye end of the cable attached
to a tractor.

6. Listed below are the procedures to follow
when using the nose gear launch system and the
launch bar fails to raise automatically after
shuttle has been maneuvered aft, or if
shuttle cannot be.maneuvered aft.

- . LA

a. Failure of the launch- bar to raise auto-
matically after the shuttle has been moved. aft
constitutes an emergency sityation that requires
personnel. to go under the aircraft and manually
raise the launch bar. The aircraft must be’
throttled back before personnel are allowed to

" go under it.

1
3

b. If the shuttle cannot be maneuvered aft
after the untension signal, the nose gear launch
deck edge operator shall press the buffer aft
pushbutton to pull the aircraft and shuttle aft
approximately 8 to 10 inches. This may. not be.

possible with the aircraft turning up at military .

power, an emergency condition then exists that
requires the aircraft to be throttled back to idle.

After the aircraft is throttled back, the nose gear .
launch deck edge operator again pushes the .

buffer aft pushbutton, holding it until " the
shuttle and aircraft are pulled aft. When the
buffer is fully aft, the pushbutton is released and
the "aircraft wxll move forward under its idle

i

L
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thrust. After the aircraft-moves forward and the
launch bar raises, move the catapult shuttle
forward of the launch bar. 8

PERIODIC INSPECTIONS

Prior to conductmg any 3-M prelaunch inspec-
.tion or maintenance .on catapult equipment
(water brake; retraction engine space, etc.)
“ where injury could occur due to inadvertent or
careless operation, insure #®hat the following
safety requiremeénts have been aeeompllshed in
the order indicated below: :

1. Topside, control console, and retraction
safety watches on stations. , .

2. Reduce steam pressure in .th® receivers to

. atmospheric. OPEN blowdown valve FULLY.
. When conducfing a postlaunch inspection, do
the followmg
’ . Disconnect the -grab from the shuttle.and
move it fully aft.-

2. Secure the marmsteam supply to the steant
‘Téceivers.

“~ 3. Reduce stfam pressure in “the receivers to
" atmospheric. OPEN blowdown valye FULLY.

4, Insure that the exhaust valve is in a fully
OPEN position and that the catapult is in a safe
condition by placing all the suspend switches in

;"a SUSPEND position.

5. Euspend retraction engine and maintain
retraction engine hydraulic pressure at 2 ,500 psi”
during water brak&mSpectlon

6. -Station a “safety man” at each of-the
followmg stations to prevent unauthorized
operation of catapult controls and to keep all
unauthorized personnel out of danger areas:
control’ console; deck edge panel, retraction -

-

i

=

)

-

engine, and water brakes. These “safety men”’
must be gualified, catapult crewmen, properly
instructed in the safety procedures and hazards
involved in -catapult maintenance. They man
sound-powered phones and maintain communi-
cations with all statlons to insure proper co-
ordinatlon

WARNING: Strict compliance with these :

safety requirements is mandatory. Only an
extreme emergency will justify any deviation. In
any event, if an inspection of the water brake

. tank area is required, the catapult-is deactivated

to preclude any possibility. of injury to the
inspecting personnel due to inadvertent move-
{nt of the machinery. .

7. Open the retractlon engine accumulator .
blowdown valve and reduce*the hydraulic pres-
sure in the main accumulator to ZERO psi. (Do
not blow off ait pressure in the mam accumula-
tor) . .

8. Upon. comple}}on of water brakeé inspec-
tion, charge the retraction engine accumulator
and shut the receiver blowdown valve and-charge,

) rhe receiver to applicable holding pressure.

Lubrication of the catapult is a great aid in
the inspection of the catapult and its compo-
nents. Almost all of the components of the
catapult must be lubricated daily, or if they have
oil cups, these must be checked daily because

~ they must be kept full at all times. Make sure

that the personnel making these checks are
aware of’the importance of their task. Many
lives and countless millions of.dollar$ have been
saved . because a hazardous condition or an’
imminent failure of a component has been
observed by. an alert person going about a
routme task. = . S
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CATAPULT DECK GEAR AND ACCESSORIES

This chapter deals with the deck gear and
accéssories that wotk hard in hand with cata-
pults covered previously This equipment in-

_ cludes ‘the bridle? grresters, blast deflectors,

holdback- and releasé; units, flight deck cooling
system, launching bndles and pendants, and the
nose gear launch (NGL) equipment. Some types .

‘of each of the above’ equipments, the inspections °
. that must be rhade, and.some of the malfunc-

tions that may-arise are also covered.

As a senior ABE,"it is your respoghibility to
make sure that all personnel are fathiliar with
the operation of various types of deck gear and
agpessories, and alsg that safety piecautions are
established and followed.

Safety is not, in -itself, agcidental. Safety is .

the result of trained personnel knowing their
jobs and doing those jobs to the very best of
their ability. Attention to every detail, concern
for every function, and awareness of the pos-
sibility of malfunction helps to nullify the
probability of accidents due to improper opera-
ting procedures. Mechanical failure cannot be
completely eliminated, but trained personnel
“can make sure a failure is a rarity.

BRIDLE ARRESTERS

The bridle arrester is designed for ease of
- operation; however, because of its association
with the catapult, which requires a considerable
expenditur¢ of energy to produce high-speed,
short-run launchings, there is a potential danger

in its operation. (Hereafter, “brldle” means .’
. “bridle/pendant.”)

The bridle arrester is used to halt the bndle
and absorb the bridle energy. after separatron
from the aircraft, thereby preventing bridie loss
ovérboard. The bridle is brought to a safe and

smooth stop on the deck without striking or .

damaging the- aircraft or any of its external
stores. _After :_the, bridle has been brought safely

ST T . A
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to rest, the arrester performs the additional -
function of returning the bndle to 1ts approxi-
mate startmg point.

-
IS

TYPES = - ,

_One type of bridle arrester in use” today, but
only aboard the U.S.S. Lexington, CVT-16 and
U.S.S. Intrepid, CVS-11, is the Mark 1 Mod 0
(All American). This arrester was designed for
use with steam catapults, but as aircraft in-
¢reased in size and weight, the size and weight of
the launching bridles and pendants increased
accordingly, as well as the end speeds of the
aircraft being launched, thus a better type of
bridle arrester was needed. This brought about
the design and manufacture of the Mark 2 and .
Mark 4 bridle arresters. These arresters were
designed and manufactured by Yan Zelm Associ-
ates, Inc., Baltimote, Maryland, and are com-
monly referred to as Van Zelm bridle arresters.

The bridle arresters currently in use aboard car-

rier$ in the fleet are the Mark 2 Mod 0, Mark 2’

Mod 2, Mark 4 Mod 1, and the Mark 4 Mod 2.
The Mark 2 Mod 2 and Mark 4 Mod 1 were
designed for use with bow catapult installations,
and the Mark 2 Mod 0 and Mark 4 Mod 2 were
designed for use with walst catapult installa-
tions.

. Both the Mark 2 and Mark 4 bridle arr&sters
are discussed in detail it the ABE3 & 2, Rate
Training Manual. Coverage of the operation and
maintenance of the Mark 2 is included.in this
chapter. Figure 5-1
ment of the Van Zelm;bridle arrester.

PRINCIPLES OF QPERATION =
' e - .

The following paragraphs explain the mechan-
ical, hydraulic, and electrical functions in the

* operating cycle.

f"’ﬁ * ’ .
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3

FROM RETRACTION MOTOR

" |3 TOGRAVITY TANK .

I
3000 PSI AIR PRESSURE INLET

FROM CATAPULT.
AIR SYSTEM OUTLET TO SURGE
ACCUMUL ATOR

»

Figure 5-1.—~General an;angementpf a bridle arrester.

Tension

After the bridle or pendant is tensioned on
the catapult, the arrester return pushbutton is
. depressed. (See fig. 5-2.) Fluid from the calapult
retraction engine accumulator is directed to the
cam reset ¢lutch cylinder, releasing the clutch
and allowing spring tension to set the brake
cams. The limit switch closes, lighting the green
CAM RESET light, on the deck edge panel
Simultaneously, fluid is directed to the retract
clutch cylinder and the pilot section of the
retract three-way valve. The retract clutch en-
gages and the three-way valve strokes, directing

fluid to the hydraulic motor. The strap rewinds’

slowly, removing slack from the lanyards. The

return pushbutton is released. The cam reset

clutch engages;” the tiree-way valve strokes,
cutting off fluid flow to the hydraulic motor;

HYDRAULIC SYSTEM RETURN TO GRAVITY TANK.
SOLENOID VALVE RETURN TO GRAVITY TANK.
2500 /2700 PSI HYDRAULIC PRESSURE INPUT

- -7 [N

VIEW ROTATED 180°

FOR CLARITY ®

. Stra)

Smbger N
. Shuttle
Slider
. Primary Track

Secondary Track
. Deck Edge Control Panel
. Gontrgl{ Console
. Heat Exchanger
. Motor and Puzp Assesbly
« Water Reservoir, °

. Engine
13. Beader Tank

<«
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and- the retract clutch disengages. The arrester is
tensioned and ready for the launch.

Braking (Secondary)

_ See figure 5-3. During the catapult power
stroke, the " strap unwinds, rotating the drum,
brake dish, brake cams, and return cam. At 90
feet (110 feet for C-13-1 catapult) of power
stroke, the secondary cam opens the secondary
brake valve, directing low hydraulic pressure (90
psi) to'the brake cylinders: This brake force puts
a drag load ‘on th¢ strap, preventing unwrapping
at the drum due to centrifugal force. The check
valve.in ,the primary brake line at the engine
restricts the secondary pressure from backing up
through the primary brake valve, which is 6pen
to gravity. The carii-reset limit switch opens, the .
CAM RESET indicator light goes out, and the

. CAM NOT RESET lights comes on.
97
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B/A SHUTTLE

PRIMARY TRACK

TRACK
_ sLOT

. AND
/ SLIDER

SEC LANYARD
SEC. TRACK

s

TRACK SLIDER —

3

BRIDLE TERMINAL

PRIMARY LANYARD

_ WIRE BRIDLE”

NOSE °
LANYARD~ -

.
* v
-

Braking (Primary) '

The primary cim opens the primary brake
valve, directing the main braking pressure to the
brake after power stroke travel as follows:,

" For C7 and C13 catapults ... ..... 235 feet
For C11-1 catapults W 195“feet

- e 4‘).

This pressure is ‘prevented from backmg up into
the secondary system by the double check vaives
in the' secondary line at the engine. After the
bridle separates from the aircraft catapult hooks,
it is smoothly arrested within 35 fo'45 feet.
Longer runouts are permissible on ships. W1th
longer runout areas

. Braking (Third Brake System)

Near the end\of the required runout, the third

"brake cam (attaghed to the secondary cam) .

opens the third brake valve and directs hydraulic
pressure (’750 p51) to the brake cylinders. This
. pressure is applied after 288 feet of runout on
class 59 and above aircraft carriers, and 241 feet
on class 43 and below carriers. . . .

EKC

figure 5-2:-—Ty}:iml bridle hookup on Van Zelm bridle atreiter.

_~Retraction .

T

- o
.

.
-

“

Hydraulic and electrical functions auring the
retract phase are the same as explained in the
paragraph on tension.

Retract speed is controlled through the cam-
operated deceleration valve. At the start of the
return phase, the deceleration valve is wide
open., During the réturn stroke the return cam
rotates, closmg the deceleratlon valve, gradually _
buddmg up- a back pressure in the hydrauhc
motor discharge line to retard the motor’s
rotation. Near the end of the return stroke, flow
through ‘the main spool of the deceleration valve
is completely shut off. However, 4 small flow
through the bypass section of the valve affords a
slow return speed in the battery area. Prior to
engaging the snubber (approx1mately 1 ft), the
full aft limit switch opens, deenergizing a relay..

\ and. lighting the FULL AFT POSITION biye " ™~
thht i ‘

Low Energy ,Operation

!

Bridle arresiments during low-speed’ lauhches‘
of aircraft would result in extremely shqrt brake

L3
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runs with the full brake system effective. There-
fore; when launchmg aircraft at low catapult end
speeds (70 to 100 knots), provision is made to
shut off half the brake system. Operational
events remain 'the same except the brake pres-
sure is applied to two instead of four brake
pucks. This is accomplished’ by closing ‘the

LOW-ENERGY valv.e locatgd under the engine.’

Brake Cooling

“See ﬁgure 5-4. When the bridle arrester-power
siitch is tumed on, the electric-motor-driven

pump delivers fresh water to the cooling tubes

" mounted in the top and bottom sections of the

brake enclosure. A continuous spray is emitted
. through holes in the cooling tube onto the brake
disk. The expended water is returned to the
35-gallon fresh water tank. A separate salt water
heat exchanger maintains an approximately con-
stant temperature of the. fresh water.

. ~ N
.

Emergehcy Operation” ° .

-In the event the deck edge control station is

damaged, it is -possible to operate the bridle
arrester from the main console below deck. This
is accomplished by shifting tﬁe 'selector ‘lever

" located on the main console from the deck edge

to the console position, and the bridle arrester
transfer switch from 'NORMAL to EMER-
GENCY. All phases of operation are the same as
previously explained- except that the primary
"brake pressure is adjusted, usm,g the regulatoy on
the main console, and retract is accomphshed by
using the pushbutton on the main console.

OPERATING INSTRUCTIONS

Prior to each-day’s operation, complete the

PMS. preoperational MRC. Insure that there are
.sufficient bridles and/or pendants -available to
satisfy the scheduled launch. y

.Jo hook up the aircraft:

1., Pull the ‘arrester, shuttle forward fo the aft
end of the deck tensioner cover. This position
will yield sufficient lanyard slack to permit
hookup of all types of aircraft.

2. Attach the bridle or pendant to the shuttle

' and slrders as shown in figure 5-2.

'x _ .

’

[Kc . .

wll Toxt Provided by ERIC

L4

To tension the bridle arrester:
1. After the aircraft is tensioned on the

“tatapult, and at the signal of the petty officer in

charge of hookup, the bridle arrester deck edge
operator depresses, and holds the return push-
button until all the'lanyard slack is removed.

WARNING: Make sure the Zea is clear of
personnel prior to giving the.tension srgnal

2. After the pushbutton is released, the shut-
tle will snap forward a very short distance and
the trailing lanyards will relax. This isnormal.

CAUTION: Do not launch with the return
pushbtton. depressed. This will result in late
brake application with attendant loss of .strap,
possible damage to the retractor motor, an
possible premature bridle/pendant release.

Setting Primary Brake Pressure

The , catapult officer -must detérmine the
proper primary pressure depending on the type

"aircraft being faunched and the catapult end

speed. He will find this pressure in the tables
furnished in the Catapult Deck Gear and Acces-
sories Bulletin pertaining to the operation of the
Mark 2 bridle arrester. )

CAU’I:ION Excessive brake pressure will ré-
“-sult‘in short brake runs and probable aircraft
damage .

The bridle arrester operator sets the pressure
. ut directed by the catapult officer.

NOTE: Minor deviations to the primary brake .

pressure settings are permrssrble to attain a

minimum of 35 feet of total runotit when using

lighter wéight bridles, or to complete the arrest-
ment of heavier werght bridles in the space
available on vessels in the CVA-43 class and
below. However, any deviation in excess of 100
psi necessitates a thorough inspection of ‘the
equipment. C

s

Ready for .Launch

100 »

The arrester operatchr checks the pressure
setting and the CAM RESET indication (green
. light on).

The operator signals the catapult officer that
the arrester is ready for launch.

n!"
I ]

k.— ’i . . A} .




.t
' * " . . 3
. .
-
-~

* Chapter 5—CATAPULT DECK GEAR AND ACCESSORIES
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=, ' SEA_WATER RETURN N«

-

L

SHIPS SEAMWATER .|

SERVICE \

T

. 1. Cooler, '5. Drain valv& ‘ .
\ * 2. Engine. : _ . 6. Pump-motor set. ’
\ 3. Spray tubes. . 7. Relief valve. '
4. Reservoir. .
) : _ o AB.361
: Figure 5-4.—Cooling system.
‘Retract (BowCatapults) , “The signal, CLEAR TO RETRACT, is given
. ¢ by-the bow safety man.” '

The petty officer in charge of hookup, signals

After the arrestment is complete, the bow  the arrester operator fo retract the bridle,
safety man notes the runout and positions the WARNING: Make sure the track is clear

shuttle spreader cover.  ° . before retracting. .
l ’ - ’ . . 101 -
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The arrester operator depresses the RETURN
p¥shbutton and holds it until the hookup petty
fﬁcer gives the signal to stop.

NOTE: Stop the arrester shuttle at the aft end
of the deck tensioner cover. . )

As soon ‘as ‘the bridle clears thé¢ catapult
shuttle; the bow safety man removes the shuittle
spreader cover and returns to the catwalk. ..

Retract (Waist Catapults)
-Due to the physical arrangement of waist

catapults, a different retract procedure is re-
quired, as follows:

1. After the arrestment is complete, note the'

brake run.
2. Retract the catapult shuttle.
3. Retract the bridle._

CAUTION: Prior to launching an aircraft -

from the opposite catapult [(waist), make sure

‘ . the bridle is clear on the other catapult. If not,’

the aircraft may be damaged by rolling over the
bridle. ’

Low Energy Ope‘ation

~ Blﬁdle ~arrestments during low-end-speed
launches, and when operating with lightweight
br1d1es/pendants would result in extremely
short ‘brake runs if the full brake system were in
operation. Therefore, for operation at low cata-
pult.end speeds, a remotely controlled high-low
energy brake valve is installed on the bridle
arrester englne, in the line that supplies hy-
draulic fluid to one set of the brake pucks.
During normal operation, the valve is coptrolled
by a toggle switch located at the deck edge
control panel; during emergency operations itis
: controlled by a toggle” switch located on the
main control console. Indicator lights are pro-
vided at each’ location to show the posrtron of
the valve. A red light indicates the valve is closed
-and in the “low-energy position, a green light
indicates the vilve is open and i in the hrgh-energy
position. 3
During operatrons the hrgh low energy valve
“1s normally in the open (hrgh-energy) position. If
use of the low-energy system is required, the
procedure is as follows: .
l. After retraction of the bridle arrester is
completed; the bridle arrester, operator closes
the low energy valve.

EKC L -

il Toxt Provided by nic [l

, CAUll()N If the LOW-ENERGY valve is

closed pnor to retraction, brake pressure will be _

trapped in one set of the brake cylmders and™*

retract cannot be-accomplished.

" 2. Prior to giving the READY TO LAUNCH

signal, the arrester operator must inform the

" ‘catapult officer of the valye status. .
3. All other operatlonal procedures are the )

same as for hrgh-energy operatron

1
~

MAINTENANCE L

1

Malntenance mstructwns for the bridle ar-

rester delineated in’ this sect10n are limited to
general procedures that can be used as a basis for
supervision by the senior ABE who is charged
with the mamtenance and operatron of thrs

K equrpment -

{

A maintenance program, to be effective, must -
encompass the following objectives:

. Safe condition of the equlpment before

use

“2. Effieient operation to msure safety of
personnel and maximum service life of the
equipment. . ’

3. Minimum dOWntrme by adoption of cor-
rect and efficient repair procedures

4. Thorough familiarization with the equip-'
ment to enable maintenance personnel to recog-
nize abnormal operations or indications of
malfunctioning, :

Maintenance personnel. should bring to the
attention of the officer in charge all cases of
malfunttion, wear, looseness,, leakage, damage,
or any other irregular conditions pertaining to
the eQuipment. They should also know the.
physical location of all operating parts, electflcal
supply lines,” valves, swrtches fuse boxes tools,
and spare parts.:

Some of the general maintenance procedures
and consideratjons are: ’

Keep equrpment as clean as possible. Using

a clean cloth, wipe down daily to remove excess:
grease, dirt, and dil. Remove rust and paint as
often as necessary Do not’ paint threads or
finished surfaces.

NOTE: If threads or finishéd surfaces are

'pamted in error, remové the paint by applymg

" paint remqver.

2. Check for rloose or damaged bolts nuts,
screws, a,nd lockw1re Tighten or replace as

102'_ . . R
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. necessary. Use correct tools of. proper size at all
times. Replacement ' bblts must be equal to or
 the original bolt, and all
replacement parts should be greased to retard
‘rusting, * ' :

*3. Check frequently for hydraulic leaks.

These .are most likely to occtir at joints, cow{-7 "

plings, or around packings.
4. Inspect, clean, and bdil all machined sur-
Taces regularly. .

5. Grease exposed surfaces of engine compo-
nents when it is anticipated the equipment will
be inactive for one week or longer. Wipe off
excess grease when the equipment-is reactivated.

6. Mainfain a constant alert for any unusual
sound or action of the equipment. Report any
unusual condition to the catapult officer for
investigation. '

7. Check condition and quantity of spare
parts ,against. allowance list. Requisition antici-
pated needs as required. , .

8. Whenever components are cleaned with an
alkaline solution, make spre that the residue is

completely remioved before reassembly. This is ’
necessary to prevent formation of soapy prod\

. follows:

N\During launching operations, Hhe following\
Cks must be made: '
. “Water level."’
2. Sedpndary dam slippagg.
3. Secondary brake pressure. \
4, Fluid Ibaks. ) )
5. Conditioh of bridles, lanyards, and shack-
les.
To clear the tecovery area after the last
launch on No..3 chtapult, the bridle arrester -
shuttle must be remogd. To do so, proceed as

1. Retract the arrester shuttle to the slotted
section of the primary track.\y

2. Lift the shuttle out of tRg track and stow -
it in the catwalk. . T

3. Remove all sliders. _

‘In the évent the deck edge com¥gol station
suffers a casualty, the bridle arrestég control

‘may be transferred below deck to tig main

console. To do so, proceed as follows?
1. Rotate the bridle arrester transfer-switg
(TSR) to the EMERGENCY position.

2. Shift the selector lever on the main
sole to the CONSOLE position. "'

ucts in the luprication system and between close \' 3. Tension and retract aré now apcompﬁ§hed
_ tolerance components. Use a jet of wet steam * by using the RETURN pushbutton on the main
** from a suitable nozzle for this purpose whenever . console.

possible. In all other instances, remove alkaline .
residue by repeated flushing and vigoreus brush-
ing with a mineral spirit solvent. Pay particular
attention to. crevices, holes, and cavities where
. such residue- may accumulate: After parts have
dried, look for surface filmi’or powder indicative
of incomplete removak of alkaline material. Any

,such indication necessitates recleaning with wet

steam or solvent.

9. Finished! surfdces of machined or plated

parts should mot be buffed or abraded with
either wire brushes or abrasive cloth, or polish&d

with any polishing compoupd for the purpose of -

removing discoloration or restoring smoothness.
Exercise caution in handling or storing these
parts in ordef: to avoid scratching and/or ‘dent-
Ing; fatigué failures may (begin at sections weakx
- ened.by such local dimeﬁkional reduction.

Periodic inspeetion schedules should be con-

sidered as' minimum preventive’ maintenance
requitements and be performed in accordance
with the MRC’s provided each shig: These cards

-

are located in each work center.

4. Adjustment of the pPrimary pressure is

" accomplished by adjusting the regulator (pri-

mary) on the main console.

5. All commands between the deck and the

" arrester control station (main console) must be

delivered via sound-powered telephones.
/NOTE: When bridle arrester operations aré
controlled below deck at the main control -
console, LOW-ENERGY operations are. accom-
plished by closing the LQW-ENERGY valve,
using the toggle switch on the inain control
console. In ithe event of electrical failure in/the
high-low energy valve system; the valve can be
manually operated by use of the handle pro-
vided with'each valve. Place the handlg-onto the
spindle on top Rf the valve, depress the handle
and -spindle, and\ then “turn the valve to the
desired position, either open or closed. -

Securing‘After' Operatjons

Before this equipmenitiis sectred, reliability of |
its ‘operation for subs “1'{ ] ,lm\.)it be as-
. . y 3 " i "
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: ered The PM$ postoperatronal MRC must be
completed 3ll malfunctions must be corrected,
- and all needed repairs or adjustments made.

This equlpment does not requlre continuous
momtdrmg by personnel durmg the secured
penod" TR

+ ‘The following* proce.dure is used to‘secure th'e
equrpment for short shutdown periods;

™ " 1. Retract the shuttle to the FULL AFT
posrtron .
2. Reduce the prrmary pressure to ZERO
" 3. Tumn the-electrical power OFF..
4. -Close the main fluid supply valve.
5. Close and lodk the deck edge console.

The following procedure is used to sécure tfe
equlpment for extended shutdown periods. .

‘1. Retract éhe shuttle to the FULL AFT
pesition. .’-,

2. Close tlﬁmam fluid supply valve.

3. Redikce ‘all fluid and air pressures to
ZERO. *

4. Drain, clean, flush, and reﬁll the water
tank.

5. Flush the coolant discharge lmes by usmg
the ﬂushmg valve.

6. Turn the electrical power OFF.

7. Close and lock tHe deck edge console.

All personnel involved with launchmg opera-
tions must become thoroughly famrhar with the
followmg precautions: |

. Clear the deck of all unnecessary person-
nel when firing no-loads with bridles, and station
.a watch to insure ‘continued complrance

2. Avoid congestlon at the deck edge con-
trol stat10n ‘
T3
4. Execute readiness signals in dehberate
and precise fashions. S .
5. Make' sure all deck hardware is,in good

oondltlﬁ . "
6. Check all fastners for secunty
7. Do not depress the return. 'button at, the
Start of or during a launch.
8. Make sure the arrester-is tensroned before

launching - CN .

+ 9 Théa green CAM RESET lrght must be on
prior'to launchrng

10. Do not cross the tracks whrle the ‘brrdle is
retracflng ' ‘

11, Avoid standmg in the brght of the bridle -

4;‘

at any t1me !

not ant1crpate commands. s

arrester

| feet.

12. On waist cafapults, make sure the bridle
is clear on the opposrte catapult “before launch-
in

gl3 On waist catapults, remove the bridle
shuttle 4nd slider.from fhe number 3

Eu'lt prior to_recoyery operatrons -

. 14. Make sufe, the pnmary pressure is set

. pr10r to the launch

All personng] ..stationed below decks must
become familiar “with the-fdltbwing precautionss

1. All. personnel stand 'clear of the argester
engine while it is operatmg .

2. Make sure the brake system is thoroughly ,
vented and wedges are removed. .

3. Make periedic ‘checks’ of fhe watet leyel
and secondary brake pressure during operations.

4. Check for pam slippage dunng extended
launching periods.

5. Change the position of the LOW-ENERGY

- valve only when directed by the catapult deck

edge operator. AC‘KNOWLEDGE all changes. ~

6. Report all’ equlpment discrepancies, such
as fluid leaks, lobse components unusual’noises,
etc., without delay.’ :

7 Do not permit grease or oil to get ‘on the
brake disk or pucks;

8. Use only fresh waterjn the coolmg system

' reservoir.

" Prior to the ﬁrst launch of the day’ s opera-
tion, all preoperational checks on the bridle
arrester must be ¢qmpleted and so indicated on
the weekly PMS sbhedule located in each work
cehter. z

TheTe=is- also an operatjon check to be made .
of the bridle arrester. During no-load- fmng

1. Usean 1nverted A-4 bridle. =

2. Set the primary brake pressure in accord-

““ance with the apphcable catapult, deck gear and .

accessories service’ ‘bulletin.
» 3. Fire two shots at catapult. end speeds of :

llO to 120 knots. -
/Check for average brake runs of 35 to 45 .

At the completron of’each day’s openatlon the
following checks must be made: .

1. Check the strap for wear, kinks, and nicks.,

2 Inspect the shuttle for damage excessrve
wear toghoes, pins, springs, and cover. - .

3. Inspect the spubber for secunty

4. Inspect the ‘bridle impact area for'l,oo&
track, holddown. screws, and damage, Pullbthe
track slot page through the 1mpact area ,

4 d
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5. Check the engme for loose bolts, nuts and

. fluid Jeaks.

P
’

. &

6. Main sdpply valve CLOSED ¢ L

- 7. Valve in the pitot line to b three-wayA
valve CLOSED. ok
8 Reduce the pnmary pressure to Zer
the deck edge) . o .
Replacmg ‘the Brake P\l\cks ) Tl

The 4-inch.brake pucks are‘replaced between

600 and 700 shots regardless of the amount of

wear. To repface the brake pucks the following
steps are taken. (Seg ffigs. 5-5 and 5-6.)
1. Remove the brake and disk lower cover by
disconnecting the water hoses and removing the
- attaching thumbscrews. '
2.. Open-the vent valves.

3. Using 1 pry (fig. 5-6 (A)), move the brake

& piston back against the cylinder cap, then
.remove the brdke puck as in (B) of the ﬁgure

4. Install the new bra puck.

. CAUTION: fhsu grease or hydrauhc
fluid daes not ge the brake puck or disk
while installing new puckss and also that the
brake cylinders are vented of all air prior to
operating the equxpment

5. Close the vent valves and pressurize the
system.

6. Remstall the brake and disk lower cover
and the water hoses.

JET BLAST DEFLECTORS

There are various types of jet bldst deflectors
(JBD’s) in use, For identification of the dif-
ferent configurations, a model number has been
assigned to the ‘various IBD’s used in thé fleet

and those planned Tor future installation i in the .

_ fléet. The model number for JBD’s consists of.a
" Mark and Mod number, such as Mark 1 Mod 0,
Mark 1 Mod. 1, Mark 3*Mod 0, Mark 3 Mod 1,
.etc. The-most common type of JBD in usd is. the
multlpaneled water-cooled type. Until reeently,
the power source for JBD operation W sep-
arate from the catapult system. Although some
“of the existing JBD installations still have a
separate power source, recent service Changes
have (or will in the near future) modified most
of the configurations to utilize the main hydrau-

.~ system.

hc system of .the catapult. The corMgurations
utilizing a -power source other than' the cata-

. pult’s fnain hydraulic System can be operated by

either an electric motor or a sgparate hydraulic

.

fBh-The Mark 3 Mod 0 and Mark 3 Mod 1 JBD’s
Eire of the multipaneled, water-cooled type. The

dlfference‘ bet,ween’the Mark 3 Mod 0 and the.

. ‘Mark. 3 Mod ' is the power source—the Mod Q

has a-separate’ hydrauhc system, Mnd the Mod 1
“ utilizes the catapult’s main hydraulic system.

This chaPter deals only with the Mark 3 Mod °

1 installed aboard. the camers CVT-16,CVA-34,”
and CVA-43. The Mark 6 Mod 1 installéd aboard

the carriers CVA42, CVA-59, CVA-61 through
CVA-66 is covered in ABE 3 & 2, NavTra
. 10302-G. A listing of JBD’s by model number
and applicable NAVAIR handbooks for each
.model can be found in JBD service bulletm No

1, revision B. . -~
’

DESCRIMION AND OPERATION

This section contaifis a detailed })hysical
description of the JBD panels and “a detailed
functional description of the mechanical linkage
and the operating systems, including the hydrau‘

~ lic and the water systems. )

All JBD panels are of unit construction. The
panel'structure consists of ‘a network of ¢ross-

“stiffeners welded to an extruded aluminum

banel ©On all water cooled "panels of JBDs1,2,.
and 3, the extruded sections are m1tered to

provide an .intake, “internal flow, and outlet for
circulating water. The -water - enters and leaves
the panel thréugh transxtlon p1eces that are
welded to’the panel. ~,

' The mechanical lmkage is hydraulically actu-
ated to raise and. lower a déflector panel. (See
“ Mg 5-7.) Each panel has a hydraulic cylinder,

clevis, and driving arm. The small JBD 1

outboard’ pan¢l has two lower and two upper
actuating arms, whereas all other panels have
four each. The driving arm and lower actuating

 armggaré .welded tq a trunnion shaft which furns
It trunnion bearings. .
. Rarsmg and Lowermg Panels

To raise a panel hydrauhc pressure is apphed
. to the hydraulic cyhnder whose piston actuates

-
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“the driving arm which turns the trunfion shaft.

T -

As a result, the lower and upper actuating arms
arg extended, as shown in the lower portion of
figure 5-7, to raise the panel through'a 60-degree
angle (55 degrees for all inboard and outboard
panels on CVA-34 and °*CVT-16, and only the

JBD 3 inboard and outboard panels on CVA- .

43). The actuating arms travel slightly beyond
an inline position, thereby locking the panel in
an overcenter position. The lower arms contact
positive stops in this position.

- arms and links from the mechanical stop posi-

To lower g, panel, hydraulic pressure is applied
to thé ogpd;;itg en,(g of the hydraulic eylinder::

This reverses the direction of motion of ,the -

piston and the mechanical.linkage, and causes
the panel to lower to its normal position flush
with the deck, * . . ) .
For maintenance purposes, auxiliary supports
should be fabricated to hold the panet in the
raised position. - - : ‘
A chain fall is required in order to release the

~t -
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Figure 56.—Rériroval of brake puck.

tion when lowering the. panel by manual means
(fig. 5-8). - %

Hydrauhc System . .

Each jet blast deﬂector has a hydrauhc system
whlch 1s an extension of the assouated uatapult

-1.

4 HYDRAULIC
'CYLINDER

» < % -
» % “PANEL RAISED

U . . AB.358
*  Figure 57.—~Mechanical linkage.

. P .
e -

hydrauhc system. In the. followmg paragraphs, )
basic JBD hydrauhc system is descnbed in.
,detail. =,

Flgure 5.9’ (C) ‘shows several components of
the catapult hydraulic system, and those items
of the JBD gystem that lead. to the 4-way valve.
This valve, which has three possible settings, is
shown it the NEUTRAL posmon Pressurized
ﬂwd from tHe catapult pumps is apphed through

-
>
»
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a filter assembly of the JBD system to pressure
port P of the 4-way valve. With the valve in the
NEUTRAL of the 4-way valve. With the valve in
the NEUTRAL position, the fluid path termi-

nates at the valve, The return linie from port T of

filter assembly is equrpped with a bypass valve

which carf be posrtroned manually to bypass the

-+ filter element m tite event that it, becomes
- clogged.

Figure 59 (A) shpws the 4»way valve in the

UP position and the resultant fluid flow to and

from the hydraulic cylinder. Ffluid passes

through the valve from port P to port A, and

through an orifice whlch lrm1ts the rate of ﬂow
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the valve goes to the, catapult gravity tank. The

108

The' fluid is applred to port A of the cylinder by
way of an isolation valve. Fluid pressure forces
the piston_forward and raises the JBD pagel. -
Fluid ahead of the piston flows from port ﬁ‘f;
the cylinder to port B of the 4-way valve an
returns through the valve by way of port T to
e the gravrty tank. The rate of ascent is controtled
by the size of the orifice ifi the orifice dhion. As
the panel approaches its upper limit, the rate of.
ascent is slowed by hydraulic cushioning
brought about by hydraulic cylinder design. This -
cushronmg is necessary. to prevent damage to the
_ mechanical lmkagc as the lower actuating arms
contact the posrtrve stops in ' the over-center
sition.’ :

: ! “Figure 59 (B) shows the 4»way valve in the

DOWN posrtlon and the reversal of fluid flow in
the cylinder lines. Fluid now j passes through the
valve from port P to port B and is applied to
port B of the cylinder. The prston is forced back
and the JBD panel.is lowered. Fluid leaves port
+ A of the cylinder and passes through the orifice
and the 4-way valve, by way ‘of ports Aand T,
“ to the catapult gravity tank. The rate of descent
of the panel is determined® by the size of the.
orifice in the orifice union. As the panel
approaches the deck, -its ‘descent is slowed to
prevent it from slamming into the deck;.this is
accomplished through the design of the hydrau-
lic cylmder
iping ‘diagrams of JBD hydraulic systems are
shown in figure 5-10. Those in (A) of therfigure
have identical hydraulic systems. Note that the
system in figure 5-10 (A) is similar to the basic
system just described in figure 5-9, but ‘has
additional 4-way valves and cylinders to operate
the two additional JBD panels. The diagram in
(B). of figure 5-10 Aalso shows three 4-way valves,
but their onentatron is different from those
" shown in (A). Note that the UP and DOWN
positions are reversed and that the A and B lines-
are likewise reversed at the valve. These are
physical’ differences that permit the UP position
to be in the forward direction at all control
stations.on. these two vessels. Functlonally, there
is no-difference since the flow is still’ from port P
to port A te raise the panel, and from port P to
port B to lower the panel. Thus, the 4-way
valves on CVA-43 are orientdd to permit raising
and lowering with the control valve handle in
the same posrnon relatrve -0 the.JBD operator.

s
<
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Each JBD catapult hydraulic systém ties into its
associated Latapult hydraulic system.

. The operating controls for ,all JBD’s are
located at the deck edge controt stations. Each

JBD panel is separately controlled by means of a,

- 4-way, 3-position valve. These valves are grouped

together as shown in figure 5-11. The valves are
arranged so that the outboard control and UP
position are forward, except for JBD 1 on
CVA-43 where they are aft. P SR
"~ CAUTION: During launching operations, be
sure the tail of the aircraft is clear of the panel’s
travel arc before raising the panel. '
Should a leak occur in the JBD portion of the »
hydraulic system, this portion can be isolated

from the catapult system by cloging’ the shutoff

valve on ‘the high pressure side of the JBD filter
assembly. | .

In the event of failure of the catapult hydrau-
lic system or the JBD portion of the system, the
JBD panels can be lowered manually. If the
4-way valve is operative, -sele® the DOWN
position. Attach a chain fall to the clevis and to
a pad eye on the bulkhead as shown in figure
5-8, and then pull the actuating arms past dead
center with the chain fall. The chain fall only
breaks the knuckle. It has no control over panel
lowering; the pariel’s own weight will lower it to
the deck. y B

If the 4-way valve cannot be moved to the
DOWN position, or if fluid cannot.flow through
the 4-way valve, closé the isolatign valves to the,
affected hydraulic cylinder and sbleed fluid Sét
the cylinder by using the cylirider’s vent valve Qr
by disconnecting the cylinder’s ‘hydraulic ho
the

After venting the cylinder,
chain fall as described above. ) .
WARNING- To avoid injury to personnel

proceed wit

_preparing to lower the panel manually, the panel

must be held in ‘the up position by supports
until actual lowerir_xg is commenced.

JBD Cooling System

~

The center panels bf‘all JBD’s, 'as well as the L

inboard panel of JBD 1 -and 2 on CVT-16, ares
provided with a circulating water system to
remove,heat that is generated by the jet exhgust.
The panel inlet and outlet water lines are
flexible hoses which interface with piping from

individual salt water cooling stations. These

5
- >
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" MAINTENANCE. - *

cooling stations supply water from the ship’s
firemain to the respective JBD panels. These
stations are equipped with a pressure, regulator
and hytrol valve to regulate and control the
water to the panels. A pilot valve is located at
each JBD “deck edge control station_to control
cooling water to -that JBD’s water cooled pangl.

CAUTION: All water-cooled panels can be

" damaged by excessive- heat from jet engine
-exhaust if cooling water is not flpwing into the

panel under full pressure of 40-psi. Water leaving
the. panels is forced through a small orifice,
which.retains a solid head of water in the panels.

JBD 1 on CVA-34 and CVT-16 is equipped
with an electrical interlock. This prevents raising
the center and outboard ‘panel$ while the bomb

- elevator, immediately aft of these panels, is,in .-

the down position. This is accomplished by limit
switches which are tied into a motor-operated-
bomb-elevatot-interlock valve. The electrical
system is under the cognizance of the Naval Sea
Systems Command, )

1]

Maintenance procedures for JBD’s are’eovered
in ABE 3 & 2, NavTra 10302-C. All maintenance

on the JBD’s is performed in accordance with

applicable Mafntena_n‘ce Requirements Gards. _

SAFETY PRECAUTIONS *

As mentionéd at the beginniifg of this

chapter, safety is a prime concern of the senior
ABE. Saféty is the result of trained personnel
knowing and performing their duties well with

.attention to detail, concern for every function, °

and awareness of the possibility of malfunction.
Safety precautions must be observed by all
operating, maintenance, and deck personnel, and.

any other persons located in the area of related '

catapult equipment. Copies of safety precau-

" tions are normally_posted in- conspicuous loca-
tions to enable all personnel to become thor- .

oughly familiar withothem. .

FLIGHT DECK COOLING SYSTEM

Fiight deck cooling panels .are installed on all -

operating carriers. They are for the protection of
the flight deck from the high temperature

112
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exhaust gases of jet aircraft that are ldunched in’

after-burner and/or in a nose-high attitude,

The panel is mounted‘flush with the deckina
- - location between the catapult track and the jet
blast deflector. It is made of aluminum or steel

channel welded together so that sea water is .

circulated evenly through the panel to carry
. away the heat. Cooling water is supplied to the
panels from the-ship’s firemain.

The” sea water $upply to each cooling panel.

passes through a cutout valve (1, fig. 5-12), a
. reducmg valve (2), and a remotely operated
spring-loaded hytrol valve (6). A bypass with a
manually operated throttling valve (3) is fitted
.around the reducing valve (2). A relief valve 4
and a test gage (5) are fitted in a reducingvalve
. discharge line. Remote operatlon of the hytrol
valve (6) is from a point near the catapult -
console.
controlled pilot valve (7) is used. When the pilot
valve is turned to thg, ON position, water at
firemain pressure enters under the Hytrol valve
diaphragm, opening tlie valve and allowing water
to enter the cooling panel. When the pilot valve
is turned to’ the OFF position, the water is
drained from under the diaphragm, closing the.
valve. After the hytrol has closed, the pilot valve
is turned to the NEUTRAL position.

When the reducing valve is inoperative, it is
necessary to throttle the supply to the cooling ’
panels by using the manually operated throttling

+valve. When +this valve is used, it ihe cooling water
fi0. longer passes through the hytrol valve, and
the remote control system is not in effect.

Downstream of the hytrol valve, the line
branches intq two lines (8) to enter the cooling
panel. Two discharge lines (9) from the panel
.combine into one dischargé line. This line
contains a pressure gage connection and an
orifice. .

The pressure sgage (10) is mounted near the
catapult console. The orifice (11) is installed to.
hold a back pressure on the panel as an aid in.
the control of the water flow thtough the panel.

The discharge line from the panel discharges,

overboard near the ship’s waterline through a
remote control scupper valve (12) installed in’
the discharge line near the shell of the ship. The
scupper, valve’s controls are located on the deck
above for convenience of operation.

NOTE: The Supply oé cooling water should be

checked béfére and during operation of jet

Q

{ .

Far remote operation, a manually

ai;%raft by observli{; the pressure gage at the -
catapult console.

The catapult persormel dhould check for
proper operation artd cleanlifiess of the flight
deck “cooling system. At fimes it may e~
necessary to make adjustments or minor repairs
to the system. When makjng’repairs or adjust-
ments, to any of the valves, refer to the
manufactufer’s mstruction book for the proper
procedures

- .

°
FLIGHT DECK

’
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COOLING PANEL
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OVERBOARD
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FIREMAIN

&
1. Cutout valve. ‘8. Inlet linas.

-n

" 2. Reducing valve.
. . 3 Throttling valve.
4. Ralief valve.
5. Test gage.
6. Hytrol valve.
7. Pilot valve.

€
X

9. Discharge linas.
10Q. Prassure gage.

19. Orifice. °

12. Scupper valve.
13. Hosae valves.

L 4

AB 207

Figurs 6-12.~Typical, 'piping schematic for deck

t

cooling panel.
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In an emergency, cooling water may be
supplied to~the panel” through two 2 1/2-inch
hose valves (13). Firehosé may be used from a
nearby firepiug. ’

CAUTION: To prevent a pressure buildup in

- the panel’ when operating aircraft from the
catapult without the use, of the panel, .insure

- that the scupper valve is open to provide a vent.

" LAUNCHING BRIDLES AND PENDANTS

An ideal situation when launching aircraft
" from the flight deck of a carrier would be for all

aircraft to have nose gear launch capability. This

is notefMe case, however, and many aircraft

utilize a bridle or a pendant as a means of

ansmitting the force of the catapult shuttle to
As a senjor ABE assigned to a catapult crew,
it is your responsibility " to insure that the
bridle/pendant hookup procedures for €ach indi-
vidual type aircraft are strictly adhered to. .
One of the greatest hazards in catapulting

aircraft is premature bridle/pendant shedding..

As an ABE, you must always be alert and aware
of the importance of proper hookup of an
aircraft. Some of the factbrs that may occur
singly or in combination to cauge premature
bridle/pendant shedding are:

' AVIATION BOATSWAINSMATEE 14 C

1. Mispositioning on ‘the dircraft’s catapult .

hook by the hookup crew. g

2. Mispositioning caused by relative motion
between the terminal and the aircraft’s catapult
hook after catapult tension has been applied.

. 3. Bxidle mispositioning because ~ of. bridle .

twist.

4. Tension bar mispositioning. ‘ ’

5. Aircraft brakes being applied during ten-
sioning. « " -

Tests of -aircraft hooks indicate that, to some
extent, all hooks are subject to bridle misposi-

tioning. , Therefore, -continuous emphasis in

"properf _bridle hookup and rigorous inspection
after aircraft tensioning are considered the only
practic#t dolutions to the  mispositioning prob:
lem. ) . '
When catapulting aircraft, always refer to the
'applicab!e catapult deck gear and accessories
service bulletin. The bulletin includes such in-
formation as the type bridle or. pendant to be

v

>

? N ) .
used and any added precautions that must be

""taken with a certain typé aircraft.

A maintenance requirements card is provided
for all launchjng accessories and gives such
information as inspection and replacement cri-
teria, and stock number and length of lanyards
used with each. bridle or pendant.

HOLDBACK AND RELEASE UNITS

“The holdback and release units provide a

means of holdihg anwircraft in position on the

catapult until the catapult is fired. A holdback

~ and release unit is provided for each type of

.aircraft being launched. Each unit is designed for
a particular typé aircraft and cannot be used
with another type. Holdback units are made up
of either chain links, cable, or metal straps. All
holdback units are equipped with a deck cleat
link at one end and a tension bar retainer
assembly at the opposite end. The deck cleat
link is fitted. into a sfot (designated for that
particular type aircraft) in the holdback deck
cleat that is located in the flight deck immedi-
ately aft of the catapult track and forward of
the deck cooling panel. The tension bar retainer
end of the holdback uhit is connected: to the
aircraft tension bar fitting by means of a terision
bar that is also designed and manufactured for a
particular aircraft. The tension bars are designed
- for a-particular holdback unit, and color coded

- to prevent using the wrong bar. Each tensfon bar

is designed to break at a predetermined strain.
The breaking point “at which the tension bar is
designed to break is 'stamped on one end of the
bar. - R L

For instructions in the ptoper use of aircraft
holdback units, refer to the applicable catapult
deck’.gear and accessories service bulletins. Main-
tenance Requirements Cards”are also provided
for each unit. - !

NOSE GEAR LAUNCH SYSTEM

There. are two types. of nose gear ia{mch
equipment, the Mark 1' and the Mark 2. The
Mark 1 is the more widely used at the present
time. The Mark 2 (flush deck type) is installed
aboard the ¥.S.S. Nimitz, CVAN-68, and will be
installed on all new constructions. The Mark 1

’ >

. : o=
' . .
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being the more prominent of the two nose gear
launch units, is chosen fbr discussion in this
chapter.

Some of the advantages of the nose gear
_launch (NGL}J equipment over the conventional
bridle/pendant hookups are better and faster
alinement of aircraft on the catapult, and
elimination of the change of bridle shedding and
the need for a bridle arrester. (See fig. 5-13.)

The Mak 1 NGL equipment is deSIgned to
assish in launching aircraft by attaching the
nosewheel strut to the towing mechanism of the
catapult. This means of launching aircraft per-

"mits positive and automatic engagement of ’
aircraft to catapult, thereby elimjnating the need .'

for personnel in close proximity' to the aircraft
during engagement thus enhancing the safety
factor. Also, this means of launching aircraft
provides smooth and rapid operation.

The Mark' | NGL equipment is suitable fpr.

use with existing steam-operated catapult sys-
tems. and features minimum maintenance re-
quirements. It can be quickly ‘and easily inter-
_changed with conventional ldunching systems
supplied as original equipment..The major corm

ponents of the Mark 1 equipment are the,

launching hardware assembly (deck ramp), con-

trol system (control panels, transfer switch, o

valve box assembly) approach ramps, shuttle
spreader, and ramp.

All personnel involved in the operation, main-
tenance and averhaul of nose gear launch equip-
ment are responsible for attaining a thoreugh
knowledge of its operation and upkeep. This
may be accomplished by careful study of appli-

cable technical manuals, ‘engineering draw:ngs_ ,

service changes and bulletins, and through gain-
mg actual experience by undergoing intensive
drills, to become acquainted with both the
pl}ysmal and functional aspects of the equip-
ment. '

responsibility for overall operations. He super—
vises, with the assistance of the senior ABE, the
training of personnel and ascertains that training
15 conducted in a manner that results ip com-

plete familiarization with equipment operation

and maintenance. He insures readiness of the
equipment by assumlng responsibility for con-
ducting frequent tests and inspections of launch-
ing hardware, controls and their assOmated

.

The. catapult officer is charged with the

. routine mspectlons

. tional

components. He superv1ses re pair and mainte- .
nance functions..In addition to assuring that. the

equipment is maintained in operating condition,
he is responsible for detailed procedures such as
lubrications, and adjust-
ments. -

All vessels which operate NGL equ1pment
keep a log in which is recorded all data regarding
equipment operation, repairs, a_pd overhaul. This
log need not be submitted to Naval Air Systems
Command Headquarters, but is maintained as a
re¢ord from which 1nformatlon may be supplied
when requested. Any unusual conditions ob-
served during equipment operatlon, mainte-
nance, or overhaul may, at the discretion of the
catapult officer, be made the subject of a special
report to Naval Air Systems Cofnmand:

On carriers with NGL equipment installed,
the deck configuration in the catapult area is
such that it is a routine matter to maKe the
change from conventional bridle or pendant
launching to nose wheel launching.

When 1nstalllng NGL equipment on steam’

catagults it is necessary to remove the conven-
ramp, ramp pin,’ spreader pin and
spreader. After the bridle/pendant components
are removed, reinstall the NGL shuttle ramp.and
spreader. The shuttle ramp and spreader are
installed as a unit.

Retraction of thie shuttle into the deck ramp
with the conventional spreader and/or launch
ramp, ) wnﬂ damage the NGL equipment; thus,
prior to” installation of the deck ramp, the
catapult shuttle must be checked to ascertain if
the correct spreader and ramp combination have
been installed. ’ )

NOTE. Conditions may exist where the'shut-
tle has been replaced during an overhaul and not

 adapted to receive the components for NGL

operations; therefore, upon installation of the
shuttle spreader'and ramp for NGL operatlons,
¢heck of the shuttlp blade must be made for
proper pin bore di ter. .

The deck ramp should: be installed utlhzlng
the special lifting tool (fig. 5-14)." This tool is

designed for carrying, 1nstallmg, or removing tfle ’

ramp assembly:
Procedures, for mstallatlon of the deck ramp
are: (See fig, 5-15. ) -

1. Prepare the deck to receive the deck ramp’

by first removing the. deck flushing cover

114
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Figure 5-13.—Nose gear Iaunch,\general arrangemeht.
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R:otate the ‘saddle locks counterclockwise (with-

special tool) and remove the deck flushing cover.

2. Remove the deck ramp from the stowage
box with lifting tools installed. Mové the deck.
ramp into position over the housing saddle. Wipe,
clean the mating surfaces of the housing saddle

. and the "hydraulic manifold. Insure that all

‘moving parts are free of dirt and foreign matter.
3. Lubricate the housmg saddle teeth and

£

dust plugs into the dust caps before mstallmg
the deck ramp into the deck. Cénnect the
quick-disconnect fittings to the hydraulic mani-
fold in the deck ramp.

NOTE. The starboard .coupling conneqts to
ports of the forward (head) end of the cylmdemf
The port coupling.connects to ports .of the aft

.(rod) end of the cylinders.

forward deck locking pins on the deck @mp as

- required by the lubrication chart. '

4. Remove the dust caps from the deck ramp
hydraulic manifold and the dust plugs from the
exgosed quick-disconnect fittings. Place the

5. Vent the .cylinders, then lower the deck.

ramp to the deck position by releasing the
locking pin on the lifting tobls, insuring that the
forward locks on the side
in the deck. Pull the chams (attached to the
handle) to release the stops, rotate the handle

ot
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Figure 5-14.~Manually carrying the deck ramp.

» assembly in a-clockwise direction until the tdol
disengages. Remove the lifting tools and return
them to stowage box. .
. 6. Place the pry bar end of the
(special wrench) into the rectangular hole in the

- aft end Of the housing saddle and pry the deck

1) 1

ramp forward (approximately 1 1/4 inches) until

bar assembly

’

" . stowage resulted, in pressure buildup within the

3

the manifold °teeth engage the teeth of the '

housing saddle assembly. At times it may prove

. “difficult or impossible-to slide the deck ramp

into full forward engagement with the housing

saddle due to thermal distortion of the latter. As

an interim measure, loosen the 12 saddle hous-

ing holddown bolts (working from the «center

out)sufficiently to allow full ramp engagement.

Retighten the bolts, but do not slug. )

¢ 7. Check to make sure the hydraulic mani-

s+ fold teeth have meshed with the housing saddle

teeth and the forward lockpins (on the forward
_side plates) ate.in their mating holes. *
¢+ 8.--Close the hinge fittings. . !

9. Using the.special wrench, totate the hous-

>,

* - the hinge fittings. .

-
For one. of the- following reasons, difficulty
may be experienced-in making up the quick-
disconnect fittings: * : &

' b e

3
.

ing -saddle lock 180 degrees clockwise to lock

_ puffer at a DEAD SLOW speed (ta avoid

. and penetrates the buffer.

' 1. Improper deck ramp handling techniques
. have ;resul'ted in damage to the quick-disconnect
fittings. To. avoid this damage, insure that the
"_dust caps and dust plugs are installed when the :
flexible lines are uncoupled.
NOTE: If damage has occurred and it is not
expedient to immediately 'renew quick-discon+
. nect couplings, aircraft hookup and launch may .~
. be accomplished by taxiing into the penetrated

A
-

) overloading the tension bar on engagement). If
the buffer is not already penetrated, keep, the
forward vents open while the aircraft engages

- 2..Ambient temperatg?re increase during
buffer cylinders. To relieve this pressure, vént
.the buffer cylinders by opening the bleed plugs. "

. NOTE: Venting will only be accomplished « % "~
whén . it has | been determined that pressugg; .

- buildup is thesreason.for preventing hookup éof‘b e
the quick disconnect fittings. Arbitrary. venting
prior to installation of. the deck -ramp will
mtroduce air into the hydraulic sxs}tem‘ and must
be avoided. Repeated cycling ‘of the buffer
cylinders will eliminate small amounts of en-
trapped air by gradually working it back to the’
gravity tahk. s o

3. Setting the deck ramp assembly. in direct
contact with the deck, without the dust caps
being installed on the hydraulic manifold, re-
sulted in fluid contamination. Foreigh matter
adhered to the quick-disconyiect coupling and,

" on the next hookup, was introduced into the
hydraulic system. Strict adherence to reason one -
noted above should ‘eliminate introduction of
foreign matter from this cause. ‘

4. Damage to and/or contamination of the

cylinder surfaces occur‘r\ed,because they were

left exposed. for ~long” periods of time. To

eliminate this potential damage during periods
“when the nose gear launch equipment is in a
standby eondition (inactive for long periods of -
time), or when the nose gear launch deck ramp
assgmbly is removed' from the - catapult, stow

- - with the buffer penetrated:

'

OTE: The buffer mugt be ‘fully ~penetrated
by actuating the BUFFER ‘FORWARD push-
button on the control panel. | .+ |

.
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"1. D&k r'amp structure.
2. Hoisting pin. > -
3. Hinge fitting. « -
4. Strap.
5. Yoke.
6. Thumbscrew fitting.
- 7. Pouch. . ’
8. Forward deck lockpins. ,.
" 9, Deck anchoss. ~ .
10. Spreader.
11, Shuttle ramp.

>

" . 12 Dust plugs. ,

. P .
“" . -

Y

13. Dust'éaps.

14. Deck flushing cover.

. 15, Hq,us[nj saddle.
.16. -Hydraulic manifold.

17. Quick disconnect fittings.
18. Flexible hose.. -
19. Special“wrench.

20. Front section guide track.
21. Camlotks.

22, Housing saddle lock.

23. Hinge fitting.

24. Catapult track.siot.
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""

PRELAUNCH PREPARATION .
The followmg preparations should be made

pnor to each launch or launch cycle. =~ - .
"1. Determine the type, or types of aircraft to

i# launched. .

- 2. Obtain apphcable aircraft laurfchmg buj-

letin for each type aircraft mc_luded in the

launch cycle. (This bulletin contams information -
. pertinent -to aircraft launching welght wind-

over-deck, airspeed, pressure setting, buiffer set-
ting, andsthe required launching accessories.)
3. Before moving the buffers from the

stowed ‘(penetrated) position, - w1pe the slider

area of the housing manifold, clean to remove all
grit -and foreign matter, paymg partlcular at-
tention to the area adjacent fo the upper slot.
Relubricate the housing .before cycling the
~"glider, as required by the prelaunch furictional
" check. .

4. Check the forward deck locks for firm

’ seatmg.

* 5. Cheé:k the lock secunng the launching
with the.special wrench. -
6. Check the housing saddle mountmg bolts.
Tighten-any loose bolts. .
7. Make sure, that the, hydraullc system is
8. Clear the decK of all.obstacles in, “the
aircraft approach aréa, the gulde track. and

"launching hardware track, and the deck area

forward of the launching hardware.
9. Check the launching bulletin for any addi-
tional prelaunch preparation.

-

The following 3-M preoperational checks
should be made to insure that the launch

21it-is in readiness for operation:
Cgeck the transfer switch, and all push-

deck edge and
emergency control panels to make certain they
are operatlve . .
2. Cycle the slider forward._ i '

3, Cycle the slider aft. . ‘

4. Locate tRe slider in the BUFFER AFT
p051t10n )

5. Cycle the valve’ settmg to the DECRLAQE
and INCREASE limits.

. L

“hardware to the housing saddle. If loose, tlghten ’

*

-

" craft
- launéhing hardware assembly (deck ramp). The

nd e

.prela

v,

6. Set the BUFFER SETTING in accordance
with.'the. applicable aircraft launchmg bulletin
before the launch or trail bar contacts-thé’nose
gear detk ramp. If nhot otherw15e indicated, set
the buffer metering valve dial to 8.5.

"NOTE;, To avert the possibility of premature
" tension bar failure, do not actuate- BUFFER
. FWD_ or BUFFER.AFT pushbuttpns during the
aireraff buffer stroke. - ’

. ‘é\eck the lalinching bulletin for addltlonal
ch functional checks .
OPERATION T - -

The fol]owmg terms are deﬁned herein for

) purpose.of clarity:-

Aircraft’ Positioning. Taxiing the aircraft to,

) the entrance ‘of ttie approach ramp with lainch

“bar raised. ,
Aircraft Engagentent.. Engagement of the air-
trail bar with the buffer slider of the

launch bar must be lowered and she aircraft
takied forward into the equipment to accom-
plish engagement.

Aircraft Hookup. Engagement of the launch

“'bar with the shuttle spreader, and tenswpmg

(T rail bar has engaged slider.)

Launch Bar. A T-shaped bar I‘bcated on the
forward section of the nosewheel strut wh1ch
engages the shuttle spteader,

-+ Trail Bar. A T-shaped bar (on the aft side of

the nosewheel) which engages the buffer slider.”

Launching Hardwaré Assembly (Deck Rambp).
“That portion of the nose gear launch equipment
which retains the aircraft for launch:-hereinafter

Lt referred to as deck ramp.

Buffer Stroke. Engagement of the trail bar
~with the buffer slider-and stroking thereof to
‘slow’and to stop the dircraft w1thm the 18-mch
.buffering distance.

The cyele of operation conswts ba51ca11y of
three phases—aircraft positioning, . aircraft en-
gagement and aircraft hopkup.

Aircraft Po;itioniné

- The axrcraft to’ be launched, W1th nose gear
accessories installed, is taxied to the mouth of
the approach ramp (fig 5-16 (A)), where the

- . . N 4 -

-




7

[
s

.\fb

T

(B) AIRCRAFT ENGAGING ‘
,\Q_PPROACH RAMP -

(C)' STEER!NG FUNCTION or

¥,
(E) AIRCRAFT READY FOR
LAUNCH

{
3 T am

T
- 4K§}\#ﬁ\

2.,

. e, ""7/ ;‘ N .,
& . - Ly A
LU E 2 :

Z
R A

.
b

{F) TRAIL BAR AT. CATCH

. GQIDE TRACK . - PLATES?AFTER LAUNCH
v P = * ) a {w ) . —\‘::
’ . - ‘w;‘;\s‘ .
Figure 5-16,~Nose gear launch operation, ~
. . - \ .
- ‘f‘ s ’Q.';l\zo . R ~ 'i ;},‘q -
: BV N - “
e . o ~ * ~ ""“,:-

AB.378° };‘ n

S
- ;.
g&.@, ey




Chapter 5~-CATAPULT DECK GEAR AND*AC@ESSORIES E

>

-

launch bar is lowered from tam (raxsed) posrtron
fo the dgﬁ

An'craft Engagement

The aircraft is steered 1nto the aft section- of .

the approach ramp (fig. ‘5-16 (B)), where the

steering function is taken over by the launch bar

which engages the track built into the approach
ramp and deck ramp (fig. 5-16 (C)). The aircraft
-continues forward until the trail bar engages the

buffer slider, causing deceleration of the aircraft. .

During deceleration.of. the aircraft, the launch
bar ndes in grooves constructed within the deck .
ramp (fig. 5-16 (D)). When the aircraft stops, the
-launch bar drops into position to receive the
shuttle spreader (fig: 5-16 (E)).

2 .

Aircraft Hookup

. The bridle tension pushbutton on the catapult
deck edge control panel (or the catapult emerg-
ency .control panel) is_ depressed, causing the
shuttle spreader to meve forward, engaging the
launch bar and.tensioning the gear. Prockdures
for a normal catapult liunchcycle are followed.
As launch pressurc buiids up, the trail bar load
increases until the” tension bar “fails and the
“aircraft starts its catapult run. As the trail bar
separates from the arrcraft it recoils toward the
deck. in the aft.direction, engages the vertical
catchplates on the dpproach ramp, and comes to
rest below the level of the ramp. (See fig. 5-16
(F)). The trail bar must be retrieved fromthis
ramp posrtron pnor to the next launching.

A

-

LUBRICATION ’.

to determme if the applicable MRC
darly luBrication procedures of the deck track
d sliderhave been completed.

INSPECTION

Before commencing launching operation,
make a final inspection of critical points.
1. Forward deck locks. :
2. Launching - hardware - to - housrng -
saddle security. v

3. Housing saddle mount\mg bolts,
-* 4. Hydraulic system

e

.5. Buffer sebtrng in accordance wrth alrcraff

launching bulletin..

- 6. Obstacle clearance. = .

r J 3 } ’- -
MONTHLY EXERCISE . :
.. To msur%;ﬁx
ment during prolonged periods of inactivity, the
folowing monthly exerclse procedure is out-
lined: .

1. Remove the bndle/pendant launch ¢ wmpo-
nents and mstall nose gear launch hardware in
accordance with the handbook for the nose gear
launch equipment. Record the time required for
the changeover.

2. Insure that the hydrauhc
charged, anid that there is no leakage.

3. From the deck edge control panel:

a.; Actuate the slider forward and aft 10
complete cycles.

b. Cycle the buffer setting dial from 0 to 8
}/2 through two complete cycles. .

c. Retract, the catapult shuttle into the
nose gear launch deck ramip L

WARNING, JInsure mat the nose gear launch
shuttle ramp and spreader have replaced the
conventional ramp and s spreader before retract-

system ‘is

]

» ing the shuttle into the hose gear launch deck .

ramp. - -
4. From the emergency control panel, repeat

' steps 3a ahd 3b410ted above.

5. Problems encountered ‘with the equipment
must be recorded for eventual reporting to:
_a. Type Commander.
" b. NAVAIRSYSCOM

‘(Atm;  applicable

’ code). 4
c. Naval Air Engineering Laboratory Sy

‘(Attn:-applicable code), .
d. NAVSEASYSCOM.

- MALFUNCTIONS .

- .

" occurrence and resultant danger to personnel )

121

- recognize wh
. immediately i

When a malfunctron oceurs, . the catapult

officer, and “his assistants should.be able "to

e the trduble lies and should
trate the proper repair proce-
dures. Proper drscharge of operational and main-
tenance’ c'hecks will greatly reduce malfunction

and equmment.
* Some of the causes of malfunctions are

described in thfe following paragraphs, and the

iza
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7

nctronal adequacy of the equip-'
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7
procédures for correcting them are hsted 4, Durmg Aircraft Hookup. ‘Possible causes

1. Electrical Components Burnt out speed for the launch bar failing to.seat in the spreader *

reducer, switch, rel’ay, solenoxd,,or other eleétri- are tow bar or spreader mlsahnement Remedy
"cal component. Remedy this malfunction by by tightening loose connectxons or repIacmg
replacing inoperative components. ~ ‘ “misalined part.

2. Electrical System D1sconnected broken, . 5. Trail bar failing to engage the slider. Check
or shorted electrical wires will cause malfunction trail-bar-to-releasé-element connections. Tighten
of the electrical sstem. Repair any such wiresif  any loose connections and check the slider slots
practical; otherwise replace them. - and the slider mounting cutout (in the deck

3. Hydraulic Components. Ruptured or ramp manifold) for damage. Damage to the
blocked hydraulic lines can cause a malfunction.  «<lider or the slider housing necassitates removal
Any ruptured line should be replaced immedi  and replacement of the launching hardware.
ately; blocked linesshould be a/ir cleaned. . . ‘ —

[




CHAPTER 6

SHIPBOARD ARRESTING AND BARRlCADE GEAR

»

The recovery eqmpment discussed in th15
« chapter i§ the Mark (MK) 7 type arresting gear.
It is recommended that chapter Sof ABE3 & 2
NavTra 10302-C, be studied in conjunctlon wzth
thlS chapter. -

‘ TYPES OF ARRESTING GEAR ENGINES
MARK 7 MOD 1

The Mk. 7 Mod 1 is the smaller of the three
Mk 7 type arresting engines discussed in this
chaptet. This equipment is installed aboard all
carriers in commission that were built prior to
the U.S.S. Forrestal, CVA-59, with the excep-
tion of the U.S.S. Coral Sea, CVA-43, and U.S.S.
Mldway, CVA-41, which are equipped with the
Mk 7 Mod 2'and Mk 7 Mod 3, respectively.

The Mk 7 Mod 1 is desizngd to absorb
theoretical maximum energy of 29,300,000
foot-pounds at peak ﬂuld _pressure and maxi-
mum cable runout.
ping a 50 000-pound aircraft at an_engaging

speed of 105 knots (110 knots if the equipment
is equipped with sheave dampers) in a distance

of 228 feet.

"Each carrier m, the fleet is equipped.with five
arresting engines (four pendant and one barri-
cade), with the exception. of the U.S.S. Intrepid
which has a total of six engines (five pendant

and one barricade), and the U.S.S. Midway -

which does not have an endless reeved barricade
engine for emergency use. The Midway has a
complement of four arresting engines, all single
reeved, with only three connected to a-deck
pendant at any one time during flight opera-
tions. The_ fourth engine, engme number 3A,is a
standby or alternate to engine number 3. It has
been. structurally altered, as has number 3
engine, to function as either a pendant or a
barricade engme When either is rigged as a
pendant engine the other is a standby for use as
a barncade )

P

Q

is equivalent to stop-'

. USS. C. W
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Table 6-1 lists all the leading partlculars of the
Mk 7 Mod 1, Mod 2, and Mod 3 recovery
equipment. Thls table can be used to compare
the Mk 7 Mod 1 mththeMod ”andMod 3
which are discussed later in.this chapter. *

MARK 7 MOD 2

As carrier-based au'craft became heavier and
faster, an arresting gear engine was needed that
would provide a greater Capacity to absorb the
increased amount of kinetic energy built up by
the force of the forward motion of an aircraft
during an arrestment. This need led to develop-
mént of the Mk 7 Mod 2, and later the Mk 7
Mod 3, arresting engines.

e Mk 7 Mod 2.is installed aboard_the US.S.
Cogp Sea, CVA-43, and all carriers built after
the Coral Sea except U.S.S. John F. Kennedy,
CVA-67, and U.S.S. C.W. Nimitz, CVAN-68.

The Mk 7 Mod 2 is designed to recover a
50 000-pound aircraft at an engaging speed of
120.knots in a dlstance of310 feet.

“MARK 7 MOD 3

The Mk 7 Mod 3 has the cupabmty of -
recovex:mg a 50,000-pound aircraft at an engag-
ing speed of 130 knots in a distance of 340 feet:

"Mk 7 Mod 3 arresting engines are installed

aboard the U.S.S. John F. Kennedy, CVA-67,
uimtz, CVAN-68, and ' U.S.S.
Midway, CVA-41. :

OPERATING PRINCIPLES
MARK 7 MODS 1,2, "AND 3

. The operafing principles of the different
modifications of the Mk 7 type' arresting gear are
ba516a11y the same. The primary differences are
their sxzes and capabﬂxtxca, a3 be seen in
table 6-1. .
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Table 6-1 —Leadmg partu:ulars of Mk 7 reoovery equupm

* 1 3/8inch d:ameter purchase cable is being replaced by 1 7/16-inch cable upon depletion of 1 3/8-1nch cable 1n

stock.

Tt

The Mk 7-Mod 2 differs frum the Mk 7 Mod }
and Mk 7 Mod 3 in thai the Mod 2 operates on
the _hydraulic (volume) displacement principle.
This means that the Mk 7 Mod 2 has the packing
installed in the mouth of the engine cylinder,
and not on the end of the ram. The Mk 7 Mbds
1 and 3 operate on the positive displacement’
principle and have the packing installed on the
end of the ram. Figure 6-1 shows a fluid flow
diagram of the Mk 7 Mod 2 arresting engine

. during an engagement. Notice the volume dis-
placement of the fluid as the ram moves into the
cylinder. Figure 6-2 shows a fluid flow diagram

-~
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of the Mk 7 Mod 3 arresting engine during arn
engagement. Notice the total displacement of
the fluid as the ram moves into the cylinder. The
Mod 1 fluid flow is the same as the Mod 3
except that the Mod 1 is not equipped w1th
cable anchdr dampers.

The function of the” arresting engine is to
absorb and d1$pe,l the energies developed when a
landing aircraft is arrested. As shown in the
diagrams in fighres 6-1 and 6-2, the fluid is
forced out of the cylinder by the ram, through
the constant runout (CRO) valve, to the ac-
cumulator. A smooth controlled arrestment of

.
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Mod 1 Mod 2 Mod 3
MAXIMUM ENERGY ABSORPTION: T . . .
Service stroke 29,300,000 1b-ft 38,373,000 1b-ft 47,500,000 To-ft
ENGINE DRIVE SYSTEM CABLES: - o S )
Diameter -~ 1-3/8 in.* 1-3/8 in.* 1 3/8in.*
Breaking streng{th‘ :
-Deck pendant (6 x 30 .| 188,0001b 188,0001b ¢ .| 188,000 1b
flattened strand) ) &
Purchase cable (6 x° 25 175,0001b « 175,000 iv 175,600-1b
round sfrand)
Reeving ratio 18to 1 18to 1 18to 1
ARRESTING ENGINE ) o s
Length 41 ft soft - SO
- Weight " 32 tons 37 tons 43 tons ¢
Engine fluid i Ethylene glycol Ethylene glycol Ethylene glycol
" Engine fluid capacity 250 gal ' 320 gal 380 gal
(withqut cooler) .
Engine fluid capacity _ 430 gal 500 gal 560 gal
(withcodler) = . ~ - N '
Ram diameter 20.00 in. 18.495 in. 20.000 in.
Effective ram area 1 314.16 sq. in. 268.8 sq. in. 314.16 sq. in.
. Length of maximum stroke 133.875 in. 186.00 in. 192in.
Length of service stroke 118.000 in. 171.00 in. 183 ins
Crosshead battery position 1 to 7in. 1 to 7 in. I"to 6 in.
(disfance from stop) . ) -
Accumulator operating medium Ethylene gly colair Ethylene glycolair Ethylene glycolair
"~ Maximum pressure 650 psi 650 psi - 650 psi '
, Initial working pressure 400 psi 400 psi 400 psi
“ ~ Type of coolant Sea water Sea water- Sea water
" Length of runout 228 ft 310ft 340ft

&
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Constant Runout Valve

L -~

3

Chapter 6—~SHIPBOARD ARRESTING AND BARRICADE GEAR s

the landing aircraft is accomplished by the fluid *

being metered as it passes through the CRO
valve, . !

MAIN PARTS

v

The Mk 7 constant runout valve is installed on
the fixed end of the arresting engine as illu-
strated in figure 6-3. The CRO valve system is
comprised of four major parts—arresting valve,
aircraft weight selector, drive system, and con-
trol system.

The arresting valve is,the heart of the equip-
ment. It is the main valve which controls the
flow of fluid. from the cylinder of.the arresting
engine to the accumulator. The remainder of the

1. Accunwulator.
2. Fluid cooler.

-3y Auxiliary air flask. i
4. Air expansion accumulator.
6. Crosshead.
8. Control valve drive systam.
7. Engine structure.

. 8

4

Figure 6-3.~Mk 7 Mod 2 arresting engine.
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equipment is used either to adjust the initial
opening of this valve for aircraft of different
weight, or to dctivate the valve during the
arresting stroke. The retractings valve is used to
return the fluid from the accumulator to the
cylinder and is operated independently of the.
control valve: 4 T,

When a landing aircraft gngages a deck
pendant, or barricade, it withdraws purchase
cable from the arresting engine. This action
causes the crosshead to move foward thefixed
sheave end of the engine. In @addition to dis-
placing fluid from the cylinder, this movement
of the crosshead activates ‘the drive system (2,

. fig. 6-4), causing rotary motiqp ‘of the cam in

the cam and plunger assembly. To keep the drive
system and cam always in battery position, the
adjustable anchor (3, fig. 6-4) is used.

]

8. Cylinder arid ram assembly. &
9. Control panel.

10. Cable anchor damper.

11. Fluid replenishing system.

L1

12. Control valve. * %
13. Fixed sheave, * : )
\ ; AB.379
<@ e
i o . .
432 4.
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+ 2. Drive system.

, L
Flgure 6-4.—General arrangement of the Mk 7 CRO valve systeri.

. It . S
b

It is necessary to have a smaller valve epening
to .arrest heayier aircraft, and a larger, valve
opening to arrest lighter aircraft. The aircraft
weight selector (fig. 6-5) makes it possible to
adjust the valve for aircraft of different weight
by varying the valve opening.

" The size of the initidl valve opening is
adjusted while the arresting engine is in battery
position. The lead screw receivers rotary motion
from the motor unit or handwheel and converts
it into linear motion. This linear motion posi-
tions the upper lever and drives the local and
remote indicators. . :

In each of the two levers (upper and lower),
the distance between the fulcrum and roller is
constant. On ‘the upper lever, the distance
_abetween the fulcrum and the point ‘of applica-
tion of force from  the-cam is variable, jts
greatest length being twice that of_ the lower
lever. The lever arm ratio of each léver, there-
fore, is variable between 1:1 and 2:1.

When the apper lever_is fully extended, the
ratio of ¢ach lever is 1:1. In this setting the

o~
;7\' ’

*
L] . . A

Q
ERIC . . L e

IToxt Provided by ERI "

1. Control vaive.

3. Adjustable anchor.
4. -Control system. o

-

initial opening of the control valve upon engage-
ment of an aircraft is maximum. The levers are
in a 1.1 ratio in figure 6-5. The resulting
rotation of the cam, caused by the crosshead
moving inward, forces the plunger downward. A
plunger movement of 1 inch, acting thrgugh the

upper lever, would move the lower lever 1 inch, .

the lower lever, in‘ turn, would move the valve
sleeve and stem 1 inch.

. The cam js-of the disk plate type with the
desired con%ﬂachined on its periphery. As

the cami rotatés it forces the plunger down. The
plunger’is fitted with rollers, top and bottom. °
The bottom roller on the plunger.acts against
the top flat bearing surface of the upper lever.
The pivot end of the upper lever has a bushed
hole which mates with the clevis end of the lead
screw yoke. The upper lever is connected to the
clevis end of the yoke by a pin. This pin extendst
beyond the sides qf the yoke and acts as a shaft
and has. a bushed roller mounted on* each
extended end. The rollers ride irside the guide
attached to the housing. The block end of the

a . g

. *
<, , 'ﬂga vy
f
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yoke js connected to the lead screw by means of
two dowel pins. This connection provides the
means by which the lead screw adjusts (moves)
the upper lever.

The bottom of the upper lever is fitted with a

lower lever. One end of ‘the lower lever has a
bushed hole to receive a pivot pin. The pivot pin
passes through the lever and through two
mounting holes in the stanchion,

The bottom of the lower lever is fitted witha ,
roller which bears on the Stem screw on top of
the valve sleeve. The vertical position of the
roller on the lower lever determines the vertical
distance that the Valve sleeve may move. Thus, it
controls the size of the initial opening of thg_

" control valve.
. 'The levers are mounted in such a way that, as

. the upper lever is withdrawn, the lever arm ratio
of both levers'is increased by an equalamount.
When the upper lever is fully withdrawn, the
ratio of each lever is.2:1, and .the ratio through
the lever system (upper and lower levers) is 4:1.
In this case the initial controt
minimum. A plunger movemerit 'of 1 inch, aeting

lever 1 [2-inch; the lower lever, in turn, would
move the valve sleeve and stem 1/4-inch,

A critical point to consider is the position of
the levers when the valve stem is seated by cam
actioh af the termination of each arrestment
stroke. The levers are so mounted and adjusted

* .that the bearing' surfaces of the levers are level
when the valve is seated. When the bearing.
~"\ surfaces are level, the distance across the lever
system is the same regardless®f the ratio setting.

_Because of this, the point of closing of the valve

'_1s independent of:thé aircraft weight selector. It
is a function of the cam only, therefore it is
constant.

As the engine is retracted the upper lever’
rises a distance equal to the movement of -the
plunger. If the ratio is 1:1, the valve sleeve rises
the same distance. In this case the initial valve
opening is maximum. If the ratio is 4:1, how-
ever, the valve sleeve rises only one-fourth the
distance that the plunger moves. In this case the
initial valve opening is minimum.

The lever setting may be adjusted to any‘
setting within the two extremes prevxously
discussed; the partxcular setting used is de-

. 9
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roller which bears against the flat surface of the

Electrical System

ve opening is -

through the upper lever, would move the lower -

, Selector Circuit

_handwheel limit switch, thé master switch is

~marked INCREASE is depressed’*and held. de- .
“pressed until the desired. weight is teached as

. depressed, the electrical energy acts to rotate, the

130"

pendent upon the wexght of the. au'craft to be ‘
arrested. 'I‘he setting is made with the engme in
battery posmon prior to landing the aircraft.

Adjustment of the setting” determines the, -
position of the. valve sleeve, .and therefore
determines the' amount the valve will be able to
open at the begmmng of the arrestment stroke.

It also determines the'rate of closure during the
stroke, so that the valve ‘will always seat at the
same runout.’

The “valve stem sleeve allows a relat1ver
unloaded and cushioned opening at the begm- oy
ning of the stroke. . .o

The lever ‘system, if set for a heavy aircraft,
redugces the allowable valve 'stem opening. and
thus increases the res&tance of the valve o the
flow of. fluid. The epergy of the aircraft i .
dissipated in forcing ﬂuld through the restrlcted .
valve opéning. .

-~

The function of the electrical system is to .
provide, control, and safeguard the distribution R
of electrical énergy fo the lever change mbtor
and the synchro indicators. The electrical cir- -
cuits (fiz. 6-6) are the control“valve ‘weight
selector circuit and the mdlcator circuit.

Control Valve Weight

This circuit provides control of the weighi
change motgg. Contained in this circuit are.a
master s h a motor controller, motor
increase~decrease limit switches, two momentary
contact pushbutton stations, a handwheel fimit .

switch, and a terminal box. ]
With the handwheel pushed in to close the .

thrown to energlze the circuit prior to landing
operahons and remains on until the amresting
engine is secured. If a change in the weight is
desired, it is normally accomplished from the
pushbutton station near the control valve. If an_
increase in the xwexght is ordered, the but*ton

shown by the local weight indicator mounged on
the control unit. When the INCREASE button is .
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PRIMARY FLY
REMOTE CONTROL STAUT#ON °
VALVE SETTING PUSH BUTTON
ANO SYNCHRO RECEIVER MOTOR CIRCUIT *

POWER SUPRLY FUSED SWITCH
BOX

440 V,60~ 3¢
~

. .
| ~ SYNCHRO
' QECK EOGE ' ' : .
[ $INCHRO RECEIVER. __— RECEIVER

VALVE SETTING
PUSH BUTTON

-

FUSEQ SWITCH T,
80X’

. rs
*  INOICATOR CIRCUIT
POWER SUPPLY
10V, 607, 19

MRCRAFT WEIGHT -
SELECTOR MOTOR UNIT

MOTOR CONTROLLER

-

\ Figure 6-6.—Electrical circujts. -

weight change mo\tgr in the correct direction as _ tor motor controller so as to rotate the shaft of
determined by the contractors. The motor may the motor in the proper direction to increase or
be stopped at any\ point by release of the decrease the weight setting. ‘
pushbutton. If the limit is reached, the geared . There dare two pushbutton stations. One- is /
. increase ljmit switch will open, due to the =~ mounted adjacent to the main control valve,
mechanical action of the levers. against the " another is remotely mounted in the primary fly
gearing, and the motor will stop. ¥ _control staiion. Each station has two pushbut-
Operation is identical for a decrease of  tons-one for increase and one for decrease.
weight, with-the direction of the motor. being -’ . . o :
reversed by the action of the dontdctors. Action ~ Weight Selectfor
of overload relays, fuses, and the emergency run ~Indicator Circ}iit
switch are conventipnal and need no detailed =~ . : _ , .
description. The master switch, is thrown off . The function of the indicator circuit is to
after landing operations have been completed, $ energize the elements of the synchro system so
‘deenergize the complete circuit. that remote indication of the weight selector is
T T , obtained. X _
_ Pushbutton ‘Stations ;- ' The indicator circuit ‘includes the. necessary
B oo P wiring and fusing, and a master switch for the
The function of the pushbutten stations is to operation of one synchro transmitter and three
.select the proper contactor of the weight selec- synchro receivers located at the main control

-
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panely primary #y, and at the deck edge control
station.

When the indicator c1rcu1t master switch’
located on the main control panel is thrown on,
"the mdxcator circuit is energized. The synchro
tiinsmitter is mechanically connected to the

" local indicator of the weight control mech
This connection is made at one end of otor
shaft of the transmitter. When the setting'st the
wexght selector is changed, the rotor “of the
‘transmitter turns. This rotor movement is trans-
" mitted electrically to the remote synchro re-
" ceivers whose rotors turn the same angular
- distance as the rotor of the transmitter. The
" “receivers have ‘an _indicating dial on one end of .
* ' their rotor shaff that “shows ‘the We;ght se.ttmg
by the gosmon of the rotors. If the system is
= properly*zeroed, the receivers will indicate the
% ‘same weight setting yzdmgs as the logal indi

~ cator. - . . f

Retractmg Valve . f -
The- retractmg valve' permxts the controlled

retum of fluid,” displaced by. the en ram,

from the accumulator -or fluid. cool 'to. the’

cyhnden The general location of the retractmg
valve is shown in figure 6-7.

The refracting valve is a self-contained

poppet-Valve,assembly composed principally of a

‘housmg, a plunger, an operating lever, a valve

Ste’ﬁi and a valve seat.
e retracting valye operates as a check valve
i aymst the flow of fluid from the accumulator

to the ‘enginé cylinder. Fluid at accumulator

pressure enters the housing and bears on the
stem in the direction which would opén the
*.valve; however, the pressure also “bears against
the base of the piunger, tending to. close the
valye. Since the area of the plunger end is greater
" than that of the stem, the differential in force
keeps the valve closed. .

** When the engme is retracted to battery °

"position, force is applied to the operating lever'

‘This force, transmitted thrg unger to
[the stem, aids the accumyfator pressure. o the
stem and overcomes the pkessure on the plunger,
thus opening the valvg and permittintg fluid flow.
The retracting valve dffectively blocks fluid
ﬂow from the engine cylinder to the accumula-
] tor, gXcept by wa)

the control valve, since”

- r
the greater the .engine cyhnder pressure acting
.ona shoul{jer of the stem the txghter the seal.

. 5
= Y

Retr.acting’Lever .

" There is aqtetracting lever for each arresting,
" engine, locat®d at the deck edge control station.
The fynction of the retracting lever is to provide
a renfote means of opening the retracting valve

in a jocation where .the operator will have full '

- visibility of recovery operations.

The retracting lever (fig. 6-8) is a T-shaped
lever which” pivots in a support bolted to the
flight deck catwalk bulkhead.

When the retracting lever (1) is pulled down,
i tensxons the cable (3) leadmg to the retracting
“yajve operating lever (5)°and opens. the valve.
léas€ of the .lever allows the sphng-loaded
operating levér to lower, thus closing the re-
tracting ‘valve (6). A shock absorber (7)-is
mstalled“tb cushion the closing of the valve and

© to ehmmate chattenng of-the valve-when it is '

.. opened. -

: Accumulétor System o T
, The accutsnulator systemr (fig. 6~9) consists of

an accumulatoﬁ:yhnder with its ﬂoatmg piston,
.and two air expansion flasks mounted in saddles .

 "on top of 1he engine structure. The accumulator -

is the receiving chamber for the fluid that is
displaced by the ergine ram’during an arrest-
ment. As'it receives fluid during an arrestment,
air pressuré on the air expansion flask side of the

accumulator piston.is increased from the initial .

400 psi to,§50 psi. The increased pressure is
“ réquired in order to return the System to its
“battery” posmon for the. next arrestment.

Fluid and air within the accumulator are sep-.

” arated by the floating V-ring packlpgs fitted on

‘the afumulator piston. The piston is also fitted
with, replaceable slippers which.aid its motion
within the accimulator cylinder. »
At battery posxtlon the 400 psi air pressure in
- the air expansion flasks hoMs the accumulator
plston at the nozzle end of the accumulator. In
tius position the fluid level indicator regisfers

" the fluid level in the entiré ehgine. The fluid

level indicator reglstets three condmons

”

{87
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1. Battery—proper amount of fluid in the

. system.” -

2, Fill-insufficient fluid in the system.
- 3,. Drain—excessive fluid in the system.
NOTE: The top of the fluid indicator rod
. .'must indicate “battery” when the arre‘sging gear

= .

RIC -~ . .~

%

%

‘Figure 6-7.-:Gene;al log__%n of the retracting vaive,

s

" SHOOK-
- ABSORBER

.

4 s - .

v oe

»
.

engine js in battery condition (ready for arrest-
ment).. . o -, -
- A safety head is installed at the air expansion
flask end of the accumulator fo provide a
“<afeguard agdinst excessive pressure buildup
within the accummulator.
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1. Retracting lever.
2. Sheave.

3. Cable.

4. Turnbucklé.,‘

.

‘5. Lever (operating).
.- 8. Retracting valve.” .
" 7. Shock absorber.

Figure 6-8.—Retracting lever installation. °

: - /
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Fluid Cooler w
“The cooler unit lowers the temperature of the

" engine fluid by permitting the hot engine fluid
to contact the cool exterior surface of a number
of tubes containing cool, circulating salt water.
Each cooler contains anodes, which- aid in
preventing corfosion in the - cooler. (Fluid

-~ coolers are not installed. on engines used only for
barricade pdsitions.) The fluid copler (fig. 6-10)
is mounted fn saddles on,top of the engine

main parts. of the cooler are the body (6), the
. tubes - (7), the two heads (3 and 10), the
" manifold (2), the, baffle supports (8), and the
facing plate (1). .

" The body assembly consists of & cylindrical
steel shell with studs on each flanged end. These
studs are used for securing the heads to each end

structure, adjacent to the accumulator. The °

of the cylinder. The body also has equally
spaced holes-on each end, extending from- the
rim of each Mlange-to-the interior surface of-the
body. Thes¢ hf’g‘,lgs-, normglly closed by pipe .
-plugs (11) or vent valves (53 provide a means of |~ -
draining and venting the cooler. “
The tube assembly thratigh which the coolant
flows and which acts as a cap for-the container
holding the epgine fluid,~is- éomggsed of a
bronze tube head, copper tubes, brass baffles,
gaskets, facing platesg\ an‘:g maxﬁﬁ?;idsﬁ T

LN - 4
LA ~ .

Auxiliary Air Flasks

air- flasks-pfovide’ -a means- of.....
ir at 3,000 psi. In.the event of ‘-\ .
failure of the ship%g air system, the air stowed in .
the auxiliary 4ir flasks.can be used to recharge
- the arresting engine. o ST
. The air flask is a cyli fiti)
hemispherical ends, Qne end of the *alrﬂ@glgi?
proyided with a pipe tap for connectipg an air
line which is used for charging an {venting. .~
Air can be :supplied to the’air ugit of the

arresting engine from the auxiliary air flasks by
use of the valve mounted on the main control |
panel. , o .o s U \
. , »»" f_. ‘ ". e - ’ /' i,
Miin Control Panel ¢

{ j

¢
<
'

{E;E" - 4y

7 \\\“5"

The function of the main control, Banel js
provide an easily accessible and centrally located
control center from which. thie arresting engine
may be adjusted or activated. . * ¢

The main control panel (fig. 6-11) consists of

- a rectangylar panel containing two air pressure
gages, an efigine fluid -temperature indicatar, a
- synchro receiver, a cable anchor dag ttery
position indicator light box (on Hgd) ‘and &
engines), and three sets of air valVe§wHiith
associated piping. . .

The-valves of the arresting engine air system -
are manually operated. Piping of the ait system
is so arranged.that the accumulator  may be
charged 'either from ‘ship’s high-pressure ,air
supply or from the guxlhary air ﬂ{tsks. '%\ 4

.Cylinder and Ram Assemblies

T

S,

P
L7
-

A S
.S >

54

- 'The cylindér acts as a receiver for the ram and . >
as a reservoir for the fluid to bej?splaced by the o
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ram. Figure 6-12 shows illu

cylinder and ram assemblies f

and 3 arresting engines.

. The cylinder and ram 4ssembly constitutes
the actual engine of

Jocated within the

e structure between the
S and the cylinder outlet elbow
and Mod 3 engines, and between
‘the movaple crosshead and the pressure valve
, - . .-
- The cylinder is a. machined, forged -steel,
smooth-bore tube, open on both ends, and large

. hd - PR - ‘,"}
Figure 6-9.—~The accumulator system. 2

>
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¥
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and to house, the fluid necelsary for aircraft "

. arrestments. It-is supported within the engine

arresting gear and is

en})ugh to pravide a working area for the ram_
7 . W .. R ] %

L]

"
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structure by cylinder ‘support saddles. On the
Mod 2-and Mod 3 .ehgines, one end of the
cylinder is cJamped and bolted with™ four
cylinder clamps and Allen bolts to the cylinder -
outlet elbow (fo the pressure valve body on the
Mod,1). Th¥ other end receives the Tam.- The
ram end of the Mod 2 engine cylinder is stepped
and counterbored on ‘the inside diamcter to
accommodate a slipper and eage assembly, aset
of V-ring (chgvron) packing, ‘a retainer, -and
ghims. A split. wiper and wiper retainer are
e ,
&; .:i l‘j-ﬁ
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1. léacing plate.

: 5. Ventvalve. -’;9. Baffle. . i
-2 Manifold, 6. Body, . ‘10, Head. )
+3 Tube head. 7. Tubes. B 11. Plug.
4. Lifting hole. 8. Baffle support. - )
“ - o . " AB.92,
. . . Figure 6-10.~Fluid cooler, ’
’ . 9 . ‘l: . . 4 . ) . N .
secured to the end of the cylinder to clean the ~ and theé‘ram. The inner end of the ram on ‘the

ram as it moves into the cylinder. The Mod 1.

and Mod 3 differ from the Mod 2 in that the

packing ‘is installed - on the“end of fthe -fam

. instéad of at the mouth of the cylinder as dn the
Mod 2. ' .

"~ The ram is a large hollow steel piston that i
moved in° and out of the cylinder by the
crosshead. It Jis bored to reduce' the weight,

although it 'is not bored’ completely through.

.The inner end (the end ‘that fits in the nouth ‘of
the cylinder) is solid and provides a working area
between the ra
ments. .

As previously mentioned, the inner end of the
ram on the Mod 1 and Mod 3 contains-a set of

- V-ring packing to provide a seal for the engine
fluid ‘between the cylinder wall and the ram, and
on the Mod 1, a bronze liner on the ram serves
as a bearing surface between the cylinder, wall

’

.4 AVIATIONBOATSWAIN'S MATEE 1 &C

m and engi'ng. fluid during arrest-

Mod 2 and Mod 3 is stepped to accommodate a

. cage and slippers.which provide a bearing surface

for the ram as it slides in and out of the

. cylinder. . . . .
/\Il}e outgY (open) end of the hollow steel ram
-<is clamm:d'/%g\sto a socket on the crosshead by a

v split flange which fits into an annular groove -

neéar the end of ‘the ram.- . -

¢

’

' \ Crosghead Assfamb

By means of the crdss
arrestment -
pendant and, purchase cable are app
arresting engine. ,

The crosshead (fig. 6-13) consists of two
groups of nine sheaves each. Due to the similar-
ity . of. the crosshead and the fixed sheave
assembly, only the crosshead is discussed in

head a';fd fixed sheaves,
mitted _by the deck ~
lied to the

~

’
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AIR
SUPPLY...

. " -« Figure 8-11.—Main control panel.

5 . Cat

that thé crosshead is movable and has phenolic
slippers as a bearing surface. . :
The sheaves . areymounted on two shafts
contained in.three weldments. The duter sheaves
are 33 inches in diameter, and the inner sheaves
are 28 in

ance. The sheaves are separated by slotted
spacers and rotate on roller bearings. A’lubri-
cator extension installation connects lubrication

fittings to the ends of the shaft to provide the

kS

“
B

SN T . . )
ERIC

es in° diamefer. This diameter dif-
ferential s nécessary for ptrchase cable clear-
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FLUID reug}mna .. pUsED -
(HDICATOR SWITCH BOX
FROM

" HIGH PRESSURE
AR SuPPLY

£ major difference between the two is ., means of lubricating the sheaves, spacers, and
. roller bearings. } :

An automatic lubrication system hds been’
designed to maintain. lubrication between the
high speed spacers and bearing pads on both the
crosshead and the fixed sheave assemblies. This
automatic lubrication system utilizes the high
speed lubticators shown.in figure 6-13. The
system is operated by air pressure, and lubricant
is delivered to the high-speed spacers on each
engagement. In the event of a breakdown the

' system can be disconnected and the spacers

442
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lubricated ‘by hand at the lube fittings. This
. system is not used for barricade engines.
Stiffeners welded to the outer, center, and
inner sections of the crosshead act to strengthen
the assembly. Sheave guards ate mounted at the
top and bottom of the sheaves to provide
protection for operatmg personnel and to pre-
+ vent cables from jumping sheaves. Fairleads
provide a guide for the purchase cable at the Top
and bottom of each sheave nest. Slippers
mounted on each corner of the, crosshead are
held in plgce by brass retainer plates and dowel
pins. Thefe is a total of "16 slippers. These
‘slippers_gupport and level the crosshead, and
provide a bearing surface when the crosshead is
moving. The crosshead and fiXed sheave as-
sembly operate on the principle of a block and
tackle, with a reeving ratio of 18:1. This means
that the deck pendant topside moves 18 times as
fast and 18 times as far as the crosshead on an
arrested landing.

-’

Cable Anchor Damper

’I’he cable anchor damper msiallatlon consists.’

B of two identical cable anchor damper assemblies

{fig. . 6-14) or
onfiguration

which are either deck’ mounte
overhead mounted. Compartmen
determines which units are instalted.

The purpose of the cable anchor damper is to
eliminate excessive purchase cable slack between
the crosshead and fixed sheave assembly at the
beginning of the arrestment stroke.” Thiough
service use and experimental testmg, it was
found that when this slack was’ taken up by the
landing aircraft, excessive cable vibrations oc-
curred w1th the Mods 2 and 3 engines. The cable
anchor damper removes this slack as. it occurs,
- thereby eliminating vibration of the purchase
calyle. The cable anchor damper assembly is used
with pendant engines only. - '

Each cable anchor damper assembly consists i

of a cylinder (2) which connects to an operating

head (5) and a oushioning head (1). Piping

connects engine cylinder fluid to the operating
" ‘head through' a manifold tee $4),.Two lines
branch from 'the manifold tee, one to each
damper assembly operating head. Each of theése
lines containsa flow control valve (3). A cover
(6) is placed’ 6ver the operating piston rod and
coupling ass,erpbly for safety of operanon and

protection against foreign matter. Each damper
assembly is mounted on a base (7) before
installation. A battery positioner (9), actuated
by means of the retracting lever, is provided to

insure the retum of the damper assembly to

battery position after an arrestrient. A battery
position indicator is provided to indicate when
the cable anchor damper is in battery position,
ready for aircraft engagement. The limit switch
and’ cam actuator for the battery position
indicator are located on the cable anchor
damper assembly, and the indicator lights are
located on the arresting engine control panel.
The end of the purchase cable is attached to
the operating piston rod which is attached to the
opesating piston. When the force on the oper-
atmg piston, due to engine cylmder pressure, is
greater than the tensile force in the purchase

_cable, the piston moves away from its battery ¢, _

position. Movement of the operating.piston into
the-gylinder removes the cable slack during the- 3

firét portion of the arrestmerit, When the slack is
taken up, the operating piston resists the retum
of the cable, thus keeping it talit and preventing
excessive cable vibrations.

Upon engagement of the deck pendant by the
aircraft, the engine crosshead is accelerated
toward the fixed sheaves. This movement forces
the ram into "the arresting engine cylinder,
increasing the fluid pressure in both the engine
cylinder and the operating head of each cable
anchor damper. (See fig. 6-15.)

Duer to the acceleration rate of the engine

. crosshead, the tension in the purchase cable (2)

between the engine sheaves and the cable anchor
dampers decreases momentarily. The instant the
tensile force in the cable becomes less than the
force on the operating piston (4), fluid pressure
moves the operating piston away from its
battery ‘position until all slack is removed and

the cable tension is again greater than the fluid -

pressure force acting on the operating piston.

The engine fluid has free flow through the flow '

control valves (1), to the operating end of each

¢

cable- anchor damper. The flow control valves

open as the operating pistops accelerate away
from the flanges to allow equal fluid: pressure to
be exerted on the entire force area of each
operating piston. When the tension of the
purchase cable is transmitted to the cable anchor
ends, the fluid pressure force on the, Qperating
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4nto the opposite en

1. Cushioning head.
" 2. Hydraulic cylinder.
“3. Flow control vélve.
. 4. Manifold tee.
5. Operating head.

»

»  Figure 6-14.—Cable anchor damper installation, deck mournited.

o
-
R 5

pistons is overcome by this cable tension and the
operating pistons are pulled back toward battery
position. Resistance to their return is furnished
by the engine fluid pressure and the controlled
flow of fluid through the flow control valves

. back to the engine cylinder. A 2-inch buffer

stroke between the operating pistons and flanges

- .. prevents a hard impact between the two as the

pistons bottom against the flanges.

The. sole function of the cushioning piston is

to.prevent the operatinfg piston from slamming”
of the cable anchor,
damper assembly if ‘the purchase cable should
break or in the event of an extreme offcenter

landing. In either situation, the operating piston -

accelerates away from its battery position and
rams the cughioning pistoh. .

The battery positioner (fig. 6-16) functions to

return the cable anchor damper piston to its

_battery position during the retracting cycle of
.the arresting engine. -

4 B »

i

o’
A
%
s
-

) 8. Cover; T8,
e 7. Basa. > * —~ ' '
8. Light box assembly. .
9. Battery positioner. )
A + ? . .
' ’ AB.385
B
N .
. 3

The battery positioner consists of a 3-way air
valve (3) which is connected fo the 100-psi air’
supply and to the air containe mounted on the

_cushioning end of each dampe assembly. An

strainer {4) is located in the sugply line ahead
the 3-way valve. The 3-way air‘valve'is mo_unted
on a base plate (5), secured.to the arresting
engine retracting valve, and ogerafed by means
of a cam (1) mounted on thé retracting valve
actuating lever. When thé actuating lever is
moved to its retract position, the cam positions
the 3-way air valve to admit 100-psi air to the air
containers. From the air container, the 100-psi
air passes through a hole

in the cushioning
. piston rod and acts against th%perﬁting piston,

moving it to its fully retracted position. As soon
as the actuating lever is released, the air pressure
is shut off and the air container is vented -
through an exhaust line (2) at the 3-way air
valve. A line containing a liqujd sight indicator
(7) and a drain plug (6) is provided at each

Fl
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TO ENGINE SHEAVES

%k.

- 1.. Flow control valve.
. 2 Purchase cable.
3. Operating head.

-
.

. , . -
. / . Figure 6-15.—Cable anchor damper fluid flow, arrestment.
. I ' '

- . : o

container. The fluid sight indicator pemmits

detection of fluid leakage into the air container.

E Sﬁgas{e Damper -

'I.)ue to the high engaging velocities of modern. )

carrier-based aircraft, cable tension and vibration

would be excessive unless eased by shock ab-.
sorption in the sheave damper, The sheave "

damper reduces peak cable tension and lessens
cable vibration. B

A sheave -damper assemlgly (fig. 6-17) is-

mounted to the ship’s structure below each port
and starboard retractable or fixed horizontal
-deck sheave. The port and starboard assemblies
-are identical; therefore, only one will be dis-
cussed. : ’ :

P }

TO ENGINE SHEAVES

4. Operating piston. ..
5. Cylinder. -
6., Cushioning piston.

A}

_ DESCRIPTION.~Each. sheave damper as;
sembly consists of a movable crosshead as-
..sembly,. ;damper cylinder assembly, - ‘damper
piston, damper accumulator and fluid piping,

buffer assembly, and a charging panel. The
system is also equipped .with 2 common fluid
stowage tank that provides a stowage space. for
fluid in the sheave damper assembly while
maintenance is being performed. The tank is

capable of stowing- all the fluid in one sheave

damper installation.* .. = = .|

. The' crosshead assembly consists of one roller
bearing. sheave mounted bétween a steel base
plate and a side plate that are bolted together. A.
sheave shaft, mounted through the bottom of
the base plate, is secured to the_side plate by a
cap and setscrew. A yoke is bolted between the
side plate and rthe base plate, and provides a

[ ¥ . ! L ]

————

L AB.385
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Ny

1. Cam.
2. Exhaust. - ~ 5. Base plate. .~
. 3. Three-way ~ - . 6. Drain plug.
S ~ airvalve. . 7. Sight indigator. . .
) . : co- AB,387
et Y ’  Figure 6-16.—Battery positioner. - , L
- B . -4 -

means of connecting the crosshead
that is screwed onto the e;nd of a piston rod. The
crosshead rides in a’ track mounted in a hori-
zontal position un the bulkhead.. Phenolic slip-
pers, at all four comers of the base plate,
provide a bearing surface between the crosshead
. and the track. Attached to the crosshead is a
. cam that actuates -a limit switch when_ the
. crosshead is fully retracted and causes a’green

to a clevis,

light ‘to light at the deck edge control station..

This indicates to the deck edge operator that the
sheave damper is in its battery pdsition. © .’
.~ The damper cylinder assembly.is secured to
- the ship’s structure by brackets which are
welded to the bulkhead and bolted to the
cylinder. A ‘cylinder cap is, strewed onto the
crosshead end. of the cylinder and held in place

...,/. . - . gty )
- .

by setscrews. The cap provides a fluid passage *

a3

L 4

100 P3! AIR
- SUPPLY |

4. Strainer.

B k3
- e

piping leading to the damper accumulator. The

" damper piston rod extends through the cap at

the crosshead end of the cylinder. The damper

piston is secured onto the opposite end of ge

plston Tod and held in place by 4 castle nut
cotter pin. When the damper piston is in its
battery position, 3 1/2 inchés of the piston rod
extends from the cylinder at the crosshead end.

___ The fluid manifold is bolted to the top and

bottom of the cylinder cap. A reducing ‘tee
- connects the upper and lower manifold piping

and serves to divert fluid flow from thé accumu-

lator equally into the upper and lower mani-

folds. A flow control valve is located between -

the reducinig tee and the accumulator. The flow
control valve has a flapper type (swing gate)
orifice plate that allows free flow of fluid from

3 s .

d
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between the cylinder and the fluid manifold =7
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K , -+ Figure 8-17.—Sheave dam;er assembly.
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the cylinder to the accumulator, and a restricted
flow through an orifice in the center of the plate
from the accumulator to the cylinder.

The accumulator acts as a fluid stowage tank,
and has a high pressure air connection from the
Upper head to the charging panel. The charging
panel has a charging valve and a gage valve with a
gage mounted between them, a high pressure air
supply valve, and a vent yalve. The accumulator
is charged to 750 psi and must have a reading of
2 (&1)'inches of fluid on the fluid sight indicator
when the ‘sheave damper is in its battery.

t
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, The end of the cylinder opposite thfe cross-
head end has a flange threaded on it that mates
with a flange -on the buffer assembly: The two
flanges are bolted together. The buffer assembly
consists of a cplinder, buffer ram, spring, and a
fluid sight indicator. The purpose of the buffer
assembly is to buffer the damper piston when
returning to its battery position. 9

PREOPERATION. —Before operating the ..
sheave dampers, the hydraulic system must be

. filled and an air charge must be supplied.

Use the following procedure in filling the
hydraulic system: i y -

-G
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. \ 1, Block the arresting engine crosshead and

pull out the deck’pendant until the crosshead of
ach sheave damper is fully extended.” - )
«,KZ. Fill. the accumulator until it is approxi-
mately one-half full.> .
3, Pressurize the accumulator to- 100 psi. This
will retract the sheave-damper crosshead.

4. Open all needle valves in the hydraulic

system until the flow of fluid is free of air and
* foam. N ’
5. Fill or drain fluid from the accumulator to
obtain a fluid level gage reading of 3 inches
maximum,, ] inch minimum..

6. Increase the damper accumulator pressure

to 750 psi. ' " :

?hapter 6—-SHIPBOARD ARRESTING AND BARRICADE GEAR _

BAPRICADE
‘ T \

,  Except for the reeve of the ergine and tife
absence of-a fluid codler, the arrésting engine
used for the barricade is identical to the pendant
engines used for normal arrested landings. The
barricade engine 'is endless reeved instead of
single reeved like the pendant engines, and
because of the infrequent use of the barricade
engine, a fluid cooler is not needed. -, i

"The actual barricade is a webbing assembly
stretched across the flight deck and connected
to t:WO stanchions, one port and o(gé'starboard.

. The stan¢hions are hydraulically operated to

OPERATION.—An incoming aircraft engages” °, raise the webbing assembly when an aircraft

.the deck pendant, causing an increase of terision ~
on: the purchase cable. The purchase cable is

reeved around the sheave damper crosshead in a
mbnner that any increased fension experienced
byuthe purchase cable will cause the crosshead to

move .away from its battery position. As the '

crosshead moves, the damper piston -moves,
foréing fluid from the cylinder, through the
fluid manifold, flow- control valve, and fluid
piping into .the accumulator. The resulting pres-
sure; bulldup in the accumulator will be propor-
tional to the purchase cable:pull. Retraction of
the sheave damper is automatic and occurs when
acc@mulator pressure becomes greater than cable
.tension. Retraction normally occurs prior to full
runout of the aircraft. The pressure buildup in
_ the 'accumulator forces the fluid from the
accumulator, through the fluid piping, the

orifice in the flapper of the flow control valve, °

the reducing tee, and the fluid manifold to the
damper cylinder, thereby forcing the damper
piston back to its battery position. Just prior to
the damper piston reaching its battery position,
the end of the damper piston rod comes in
contact with the buffer ram. The buffer as-
sembly works on the liquid pressure control.
ptinciple to buffer. the damper piston. The
spring only extends the buffer ram during
atrestment. o

. As the sheave damper crosshead reaches its

. battery position, the battery position limit
switch is engaged and lights the battery position
indicator light at deck edge.- .

_ edge control station, hydraulic pi

145 Lo

cannot make a normal arrested landing
The barricade stanchions house the winch
assemblies which tension and support the upper
loading straps of the barricadet webbing as-
sembly. e. stanchions are pro ided with a
pivot about which they are raised and lowered.
Included in, the hydraulic barricade assembly
is a power Qac'kage located below decks, a’
hydraulic control valve operated, at the deck .
i g and hose
assemblies, and the hydraulic opérating cylin-
.ders. . : . .
The power package (fig. 6-18) rovides and
maintains the_ fluid pressure required by the
hydraulic cylinders ~to raise and-lower the
barricade stanchions. It consists of -a base weld-
ment, gravity tank assembly (7), confrql panel
_assembly (8), accumnulator (1), motor co roller
(9), pump (2), electric motor, electrical system,
and apiping system. \ )
The gravity tank assembly has a capacity of
approximately 100 gallons and is ;the fluid
. reservoir in the power package assembly. Dis-
placed fluid from the cylinder assemblies is
retumed to the gravity tank and from thereitis
pumped back to,the accumulator. The gravity
tank is welded steel, closed at the top and
bottom by flat plates. The top cover plate has an
access hole which is covered by a cap plate and
gasket held in place by bolts. Tapped bosses
welded to the cap plate arefor breather.vents. A
liquid level gage is connected to the side of the
gravity ' tank. An indicator plate is attached to

. »
-
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) ¢ . Figure 6-18.—~Barricade hydraulic control installation. e
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e 'tank at the level gage to show the propes’ sure gagg,(6)", pressure sensing switeh (7), gage
luid level, S " . valves(3), air charging.yalve (5), vent valve (2), . -
The control ‘panel . assembly’ (g 6:;19) is*  air, supply valye - (4), cautidn- plate (8), and ,
ttached to.the gravitz,;ank.by four bolts. " operatingpginstruction plate (10). Necessary ‘
The panel consists o the panel frame (1), two  * copper g and sil-braze fittings connect the . -

iping support brackets (9), accumulator pres- panel to the accumulator assembly, to a shid’s
“ [ LN °, . L . :, L - > - 5 . T
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o 1. Frame. .. v : . 6. Accumulator pressure gage. ’
. 2 Ventvalve. - 7. Pressure sensing switch.
. ' 3 Gageyale "~ <4 , 8. Caution plafe.
. 4, Air supply valve. 9. ‘Bracket. °
. " - B, Al charging valve. . 10. Fhstruction plate.
T o ' : AB.389 -
« . % Figure 6-19.—Control panél assembly.: ; : .

@*’ -
exhaust line,. and to the shfp’s hlgh pressure air
supply line. The accumulator pressure gage (6)is
u%?f tg 1nd1cate pressures ranging from 0.to

00 p51 in-the accumulator -

The pressure sensing sw1tch (7 is a pxston
type, contained in &splashproof housing. It is
gonhected to tlta,pressure line from the ac-:
cumulator with a threadéd adapter and a coil’'o
tul;lng betweefl the adapter and tee in the
pressure_line. ‘The function of, the pressure
sensing switch, is to maintain accumulator pres;
sure, between 1,250 psi and 1,500 psi. Ttedoes
th1s by égemng or clesmg to stop or sfart the

Q

A d . - -
e . " x

pump ‘otor. The pressure sw1tch operates only

when the rhotor controller ' switch ‘is set at

AUTOMATIC position. The caution plate (8)-is -

located next to the venf valve (2). It cautions all
concemed to keep_ the vent valye open at all
times except when charging the accumulator,
"and contains instructiong for closing the vent
valve when charging the accumulator.

A’ gage valve” (3) is furnished to ~namtam
pressure in.the accumulator it is necessary
. to remove the npressure gage (6) The air chargmg
valve (5) regulates the charging .flow. The air
supply valye (4) controls the flow intake of air

¢
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to the .control panel and accumulator. The
operating instruction plate (10) confains basic
“operating instructions and a piping schematic.»* ~

The accumulator has a threaded ‘boss welded
to the top of the shell to provide for ventmg
when hydrostatit testing. A liquid level srght

o

" which ruptures at approxxmately 2,000 psi is

glass gage is connected to two ports on the”
< accumulator.

The mofor controller regulates the startmg
and stopping of the pump motor in conjunction
with the pressure sensing switch. The controllér,
operating mag etically, prowdes a switch con-
trol for OFF, AUTOMATIC, or or, RUN positions.
The OFF position is wused “When”
package is secured. The AUTOMATIC position
is used when the power package is to be

: operated and the RUN position is used when it

is necessary to bypass thé pressure sensing
switch. Protective features of the controller
include pilot cirquit and motor overload protec-
tion and undervoltage release. A white light is
niottfited on the. controller to indicate when
power is available. When the switch is in the

the power °

3

connected to the air line betweej theaccumula-
tor and control panelz It acts;as a safety to
. preveqt charging the accumulator,, mé related
components above their. design “finits. Two

vents at the top of the gravity tank

breatg/o :
provide for passage of air out of or into the tank .

as the hquld level rises or lowers. A screen in the
breather vent. removes any foreign matter from
incoming ir.

The hydraulic cylinder assembly (f ig. 6-20)
raises or lowers the barnCade stanchion when
hydraulic fluid under pressure i§ introduced into
the cylinder on the proper side of thé. pistomn..

A front cap (3) and a rear capo(4y are each
attached to the cylinder ends by, bolts and
washers and sealed by an O-ring (13) and backup
rings.. Contained in the cylinder (2) s a piston
rod (5), two plungers (6), and a piston (1). The
piston afid plungers are held in position on the
rod by a castellated nut secured by a cotter pin.-
The piston and piston 'rod are seafed by an

] O-ring (13) and backup rings. The- piston ‘is

OFF position, the circuits from the controller to _

the motor and pressure sensing switch remain
open, or dead. In AUTOMATIC position, the
mofor'starts when the contacts are closed in the
pressure -sensing switch, and the motor stops
“when the contacts open. The RUN position is
spring returned, and the motor runs only as long
as the switch is manually depressed.

In the piping system, manual valves are placed
in the lines to provide for operating and standby
conditions and for maintenance. Each valve is

- tagged with a" nameplate giving its humber and

normal operating position (OPEN or CLOSED).
Miscellaneous ‘equipment includes a check valve,
fluid strainer, hiydraulic pressure relief valve, and
- an air safety head. The check valve between the

o accumulator and pump prevents fluid pressure

from backing up to the pump. The fluid straiper®’
in the lihe between the gravity tank .and the
pump removes foreign matter before it enters
the pump. The hydraulrc relief valve connected
-to the line between the check valve and pump
prov1des for pressure relief. The hydraulic relief
valve is adjusted to crack open at 1,600 psi
(mmlmum) and open full at 1,750 psi, This line
is equipped with a'liquid sight‘indicator for
visual checking of fluid flow Whlch would

indicate an open relief valve. The air safety head

fitted with two packing followers,, two sets of
V-ring packmgs (12) (four rings each), and two
piston glands (11) secured by bolts, each safety
wired, Shims (14) are provided between the
plston face and piston gland to obtain the

o

g

.

proper packing float. The piston rod is sealed . <
where it extends through, the front cap 3)byaz ;“ﬂ

set of V-ring packings (12), a spacer, and the
piston rod gland (10) secured by. bolts and
washers. Shims (14) are provided to obtain
proper packing float. A termmal is attached to
the end of the piston. rod ‘and 1s secyred by a
setscrew. The front and rear caps are each fitted
with tailpiece, adapter, orifice plate, union nut,
and an elbow for hose attachment; joints are

sealed by O-rings and packing. A vent valve ,= y o

-

Rt

:g.ﬂ “;

assembly (8), plug (9), and two O-rings: are g5

located at each end of the hydrauhc cylmder t
vent air or"dram fluid.
Hydraulic Barricade Operation

//)jJ
During normal operations the system is put in
READY condition:
1. Accumulator pressure at 1,500 psi.
2. Accumulator and gravity tank hquxd at.
operating level.
3. Proper valves open or closed.

’

.
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1. Piston.

2. Cylinder.

3 Front cap.

4 Rear cap.

5. Piston rod,
- 8. Plunger.
— 7. ‘Hpse. .

Figure 6-20.-Hydraulic cylinder assembty.

4. Motor controller switch on AUTOMATIC.

5. .Controls checked for proper operation,

6. Barricade tensioning pendants inspected
for fraying. g

After the holddown latch at the top of the

stanchion is relgased and the deck edge control
valve lever is placed in the UP position (No. 1),
the stanc¢hions will raise simultaneously. Raising
operations may be stopped and stanchions held
in any position by placing the deck edge control
valve lever in midposition (No. 2). ’
To lower stanchions, the deck edge control
valve lever is placed in the DOWN position (No.

3), and the stanchions will lower simultanecusly. .

Lowering operations may be stopped and
stancifions held in any position by placing the

g

" -

/ . 14, Shim.

149 - . .

v ¥

v

8 Vent valve amﬁy. ’ N

9. Plug. ‘ )
. 10. Piston rod glan

11. Piston gland,

12, Packing.

13. O-ring.

o "~ AB.390

-

deck edge control valve lever in rmidposition

“(No. 2). Lol

“The deck edge control valye lever midposiﬁbri

" (No. 2) is for standby position. It blocks. all

valve ports, and all passage of fluid is stopped ~ -

when the valve is in this position. This position
is used to stop stanchions during raising or
lowering, and to hold the stanchions either up or
down. . s .
CAUTION: The control valve lever must
never be Ireld or left in any position between 1

- and 2, or between 2 and 3, since this will allow

fluid to drain from the accumulator to the
gravity tank. . AR

The gravity tank is not of sufficient size to
contain the fluid if the stanchions are raised
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more than three times without the pump oper- defective parts or improper rigging of a barricade
i ating. Approximately 20 minutes is required for could result in premature failure of barricade
" the pump to replenish fluxd to the operating. components, which would. render the barricade
level in the accumulator if stanchions are cycled useless and result in property damage and o
three times without the pump operating. The serious injury or death to the pilot and/or flight
READY CONDITION for normal operation - deck personnel.

specifies 1,500 psi accumulatoy pressure; how- " The preassembled triple webbing shouﬁi be
ever, stapchions will raise and lower, taking a stowed in a space (or area) where it will be o
" longer period of time, with a lower pressure, as " protected from exposure to of the elements, and
is experienced if stanchions are cycled without where it hay be readily transported onto the
the pump operating. Pressure at the start of the fhght deck for installation. ’
, * third oycle will be approximately 850 p51 w?th NOTE. The double” webbihg hssembly MAY® .
out the pump operating. BE USED FOR E2/C2 AIRCRAFT ONLY. Itis

NOTE: If stanchions are cycled more than preassembled and stowed in a box at deck edge .
three times without the pump operating, air will . ready to be rigged.
enter the piping and cylinders and fluid will ., Constant inspection and checks must be made
overflow the gravity tank. It will then be to determine that_the nylon webbings are free
necessary to fill, vent, and charge the system as from 51gns of wear or deterioration and fraying.

" specified in the applicable operating manual. A barricade that has been used for two or more
During READY and SECURE conditions, the practice or training rigs, or that has been §
following checks are to be made: , . . exposed to direct sunlight for 100 hours os
1. During READY condition, at 1-hour inter- . more, will not be used for an actual aircraft
vals, checks of the accumulator pressure, ac- engagement. Barricades will be covered with
cumulator and gravxty tank liquid levels, control canvas if conditions require stowage “of preas-
ler switch for AUTOMATIC setting, and acheck ‘sembled barricades or component parts on deck.
to ascertain that the pump is not operating when If .a tractor is used to remove a barricade from
accumulator pressure is 1,500 psi or abgve. . the stowage location onto the flight deck,

2. During SECURE condition, daily checks special care must be exercised to prevent any
of the accumulator pressure, accumulator and tearing or fraying of the webbing, extension
gravity tank liquid level, valves for position loops, loading straps, etc, on deck hatches or’

(open or closed), and controller sw1tch for OFF . pther protruslons v .
setting. . .t .
The system must be operated weekly toraise - SHEAVES.- : @

and lower the stanchions, to vent air from both

. ends of hydraulic ¢ylinders, and to cheéck the ‘There are four types of sheaves used in. Mk 7"
operation of ‘the system. It is not necessary to  arresting gear. These are the horizontal deck
attach the barricade webbing during this exer- * . sheave, .the vertical throngh deck sheave, the

cise. . - fairlead sheave, and the retractable sheave. Al
ST C - these sheaves are designed to accommodate 1 r _
. Webbin'g Assemblies . . ' 3/8inch diameter purchase cable and are made = -
"\ of forged aluminum alloy. ¢ TN
X When the need for an emergency barricade A typical sheave consists of a base and cover |

rigging arises, 1t is too late for checking or that retains the sheave assembly. Two lubricator |
insuring that the webbing assembly is properly ﬁtthgs provide acgess for lubricating the sheave .
aesembled or properly stowed for ease of instal- bearing and spacers. The sheave assembly con- |
lation. To operate effectively, it is of psime sists of three races—an inner race, a bearing race

_* importance thaf the barricade be correctly ﬁnda%g;xter race. Mounted with each sheave isa .

" rigged, and that all of its component parts be of two-piecg concentric spacer. The inner-spacer is
the latest specification and issue, and in opti- made of steel and is the lubricant. distributor.
mum ‘condition to accomplish a sucessful en- The outer spacer, made of phenolic, is bonded
gagement and subsequent "arrestment. Use of . to tHe sheave and provides a bearing surface and‘

T £ -

-

Ec'“
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is a lubricant retainer for the sheave. The
horizontal and vertical sheaves are identical
except for the lubrication arrangement.

NOTE: Mark 7 Arresting Gear Service Change ™

#230, dated 30 September 1966, directs the
replacement of -all 24-inch pitch diameter
sheaves with 28-inch pitch diameter sheaves. The
larger pitch diameter sheave decreases purchase
cable bending, thus improving cable reliability.
Unl\ess specifically directed, this service change

airlead tubing o

] does,N .% include the anc%x%r’damper assemt:g‘ '

eaves. 1/2-ihch diatie

" is mstalled whenever necessary between fairléad

[\Y

sheaves. This is to protect the purchase cable

and to prevent any dangerous whipping in the
event of purchase cable breaking. The purpose
of all fairlead sheaves is to change the direction

of the purchase cable so that it can be led from

the arrgsting engine to the flight deck.
Retractable Sheave —

Tue function of a retractable sheave is to

\prov1de a means of lowering deck sheaves which . _sheave is fully lowered and further
I overload protection for the umit. The worm is -

would interfere with the passage of aircraft and

starting torque electric motor, a- geared drive
-system, and limit switches. |

The motor (2) is coupled to a wormshaft (12)
which has a worm (15) splined to the shaft. The
worm (15) engages the worm gear (10) which is
free to rotate on the sleeve (4). There are two
lugs on the back of the worm gear (10) which,
after some free rotation, engage two lugs on the
back of the clutch bevel gear (8). The free
rotation is to prevent putting an immediate load

on the electric motor (2). The clutch bevel geaﬂ
8) fs ‘spliheti™o the sleevk ¥4y, 15! khat any+d

rotation of the clutch bevel gear (8) totates the
sleeve (4). : !

The sleeve is directly keyed to the lead screw
of the retractable sheave so that rotation of the’

* sleeve raises or lowers the sheave. The amount of

sleeve rotationgwhile the sheave is rising is
governed by the adjustable geared limit switch
(1) which opens the motor circuit when the

sheave is fully raised. An adjustable torque limit -

switch (16), actuated by the tripping plate

. washer (9); opens the motor circuit when the

i~
““provides

deck equipment when in the raised bperatmg ; " gormally ‘held in position with a heavy torque

position. L s

Each retractable_sheave 4is operated by an
electric motor Mhit controlled by a deck push-
button statiof. In addition, an indicator light
box 1 msfalled adjacent to the deck edge
puShbutton station to show the position ol the
sheave—a green light when the sheave is fully
raised, or a red light in all positions, other than
fully- raised. The retractable sheaves may also be
operated by means of handwheels}in case of
emergenty. The handwheel is locatéd below

decks on the -operating unit. To ciuninate the

chance of the retractable sheave ‘being lowered
inadvertently during landing operations, the

handwheel is removed from the€ unit whenever it

is not actually being used.

The retractable sheave operating unit is bolted
to the bottom of the retractable sheave as-
sembly. It 1s,accessible for maintenance and

.manual uperation from that compartment on

the gallery deck which is directly below the

« retractable sheave.

The retractable sheave operating unit (fig.
6-21) is a self-contained unit consisting of a hig_h

" spring (13). If an obstruction under the sheave

"prevents the sheave from lowering, the sleev
cannot turn. Then the torque exerted by”
‘worm exceeds the normal torque, causing:
worm to slide along the wormshaft (12), pushing
the tripping plate washer (9), and opening the
torque switch. A Randwheel (11) is provided for
manual operation, and a declutch lever (14) is
provided to change from motor to hand oper-
ation. . )

It is imperative that the deck edge operator
knows whether the retractable sheave is in the
raised position during landing operations. During
night operations, _visual sighting of the re-
tractable sheave is impossible. '

" An arresting gear SHEAVE-UP and BY-PASS
switch and indicator panel (fig. 6-22) is located
aft of the afresting gear deck edge control
station to indicate the retractable sheave status.
The panel is wired into the clear/foul deck light
‘and will prevent the arresting gear officer from

giving a clear deck signal if one or'more of the ’

retrartable sheaves is not in the fully-up posi-
tion. Green lights indicate that all sheaves are

151
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Figure 8-21.—~Retractable sheave operating unit.

~

T ' . 6 4 .. BOTTOM OF
: . . - UNIT
1. Geared limit switch. - 6. Pinion.
" 2 Motor. . - 7. Clutch fork spring.
“. 3 Housing. . ‘ 8. Clutch bevel gear.
4, Sleeve. ~ : 9. Tripping plate washer,
5, Lower bevel gear. ) 10. Worm gear,
* - - . - ¥ -

152t ART

11. Handwhesl, . ~
12. Wormshaft, -

13. Torque spring.

14. Declutch lever. °
16. Worm, )

> 16. Torque limit switch.

AB.391
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INDICATOR LIGHTS.

IS

. -

i

i
A/8 SHEAVE-UP & BY-PASS V%/f%//%
2 Gl

SWITCH B.INDICATOR PANEL A
NAEC DART O 617486%) :Zé,{
8Y HAEC, PHILA,PA. . ;///

o
=
IR R
o
=

T i ey
.
AR

' " OFF OFF
BY-PASS SW 4 BY-PASS SW BY-PASS 8W
PERDAKT RO.2 i PENDANT H0.3 [ 4. PENDANT K0.4

[

SRS

OFF
BY- PASS S¥
PERDART KO.1

o

"I CAUTION ALLBY-PASS SWITCHES TO REMAIN 1N THE
: “OFF* POSITION UNLESS OTHERWISE DIRECTED
8Y THE A/Q OFFICER.

S

3

} Figure 6-22.—-SHEAVE-UP and BY-PASS switch and indicator panel.
. - . ,
up, a red light indicates a sheave is down and ~ then lowering one sheave at
will prevent the clear deck signal from being  sheave is lowered, the panel

LA S b A

% // 7 //{/: / 77

2 2 e /

2

AB.368
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a time. As each
is checked for a

given. A BY-PASS switch is provided for dach  RED light indication for the pendant served by
pendant to enable recovery operations to be  the sheave that has. been lowered, With the
continued by removing the pendant from the  BY.PASS switch in the ON position, the panel is
engine ' with a down retractable sheave'and  hocked for an AMBER light. When the. BY-

placing the BY-PASS switch in the ON position.

The indicator lights can be readily checked by P.ASS switch is in the ON position, capability to
raising all sheaves to the fully-up position and give a GREEN clear deck signal is restored.
« . . '\ * . .

- B -
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.Sequence.ef Operation

Energizing the motor to raise the retractable
sheave, by pressing the RAISE pushbutton,
causes the motor to rotate a helical gear keyed
to its shaft. This transmits the motor force to
anothet helical gear on the wormshaft. The
wormshaft turns the worm and drives the worm
gear on the sleeve. The worm gear rotates freely
on the sleeve for part of the rotation, thus
.permitting the motor o, ,gain speed before full
loading. As the worm gear. rotates, the lugs on its
face engage the lugs on the face of‘the clutch
, bevel gear. Rotation of the clutch bevel gear,

which is splined to the sleeve, rotates the sleeve
which is directly connected to the screw of the
retractable sheave, and thus, the sheave is raised.
When the sleeve rotates, the limit bevel gear,
keyed to the sleeve, rotates to turn the pinipn of

[

’

of the limit bevel gear, When a predetermined
" point is reached by the rotor of the geared limit
switch, the RAISE circuit is broken and the
raising operation ceases. As the -geared limit
switch is actuated, the green lamp (sheave UP
lamp) will light in the deck edge light box.
Energizing the motor to lower the retractable

with a setscrew. The declutch lever must then be -
thrown in a counterclockwise direction. This. .
movement will slide the clutch bevel gear along
the splmed section of the sleeve to engage a gear
on the handcrank shaft. When the handcrank is .
turned, the sleeve will tumn, rotating the sheave
screw to raise or lower the sheave. The declutch
lever will remain in the declutch positin until
operation under motor power is resumed, at
which time the handwheel is disconnected auto-

. jpatjcally, by the .clugch, . trippers'., There is .no

the geared limit switch. This is the only function

sheave by depressing the LOWER pushbutton .

causes the motor and the drive system to
operate in the reverse direction. Again there is
free rotation until the lugs on the worm gear
make a complete revolution before striking the
other. side of the lugs on the clutch bevel gear.
The sheave lowers until it is completely seated
and opens the torque limit switch to break the
motor circuit. If an obstruction prevents lower-
ing of the sheave, the worm, still rotating due to
the force of the motor, will nét tum the worm
gear but will be driven axially along the worm-
shaft until the torque limit switch is opened by
the tripping plate washer. By adjusting the
torque switch, the sheave can be made to seat
with a predetermined force before the circuit is
interrupted. The torque spring will absorb the
remaining inertia of the system after the circuit
is broken. During lowering and raising of the
sheave, and until the RAISE geared limit switch
is tripped, the red (sheave NOT UP) lamp will
glow on the deck edge light box,

For manual operation, the hand wheel must
be mounted on its shaft and secured to the shaft

-

EKC

danger to an operator if he is turning the
handwheel when the motor is started, because
the handwheel is disengaged instantly without
shock or jolt.

Listed below are instructions for the removal
of parts necessary to'gain agcess to the unit to
be sqrviced or inspected:

1. Shut off the power.

2. Remove the limit switch cover.

3. Disconnect the power and control wires
from the operating unit.

4. Remove entire pperating unit from the
mounting pad.

5. Remove the electric motor.

6. Remove the mounting screws and take
out the geared limit switch.

7.. Remove the pipe flange (end opposne
mountmg pad), and take. out the gland thrust
ring.

8. Remove the housing cover from the end
opposite the mounting pad. Remove the gland

- follower and packing cover.

154

9. Remove the lubricant from the housing.

10. Loosen the setscrew in the declutch lever
hub and remove the declutch lever.

11. Remove the three capscfews from the,
handwheel thmugh the cap and pull out the

entire hand wheel pinion assemb]y.
1 ‘)

‘Loosen the jamnut and setscrew in the
clutch fork and remove declutch lever.

13. Remgve the cotter pin and washer, with-
draw the clutch tripper pin, and tkke out the
clutch trippers and clutch tripper springs.

14. Remove the clutch fork trunnion retainer
and clutch fork trunnion.

15. Draw the clutch fork out of position and
remove from the housing.

16. Remove the external retaining nng on the
wormshaft and pull the wormshaft gear.

17. Remove the wormshaft blind cap’

y—
¥
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" 18. Remove the wormshaft assembly by pres-

sing on the end from which the shaft gear has

been removed.

19.” Remove. the drive assembly from the
housing.

The assembly removed in step 18 can be
further gdisassembled without further instruc-
tions, Bearings are a press fit. —

NOTE. Adjustments on the geared limit
switch are made only by a qualified electrician.
.. The following procedure is to be used for
setting the torque limit switch:

1 Tum off the power. )

Remove the hmlt switch cover from the
housmg. .

3. Loosen the jamnut on the adjustmg screw

on the torque limit switch.

4. Move the adjusting screw in if a lighter

seating of the sheave is desired. Move the screw
out if a tighter seating is desired.

5. Tum on the power and lower. the sheave
by depressing ghe LOWER pushbutton, allowing
the torque switch to fum,tnon in stoppmg the
motor.

6. Readjust as necessary. The final setting is
obtained by means of this “tral and error”
adjustment.

7. Install the limit switch, cover on the

hotsing.

Sheave Inspection

’

All sheaves on the arrestmg engine are subject

to the following checks along with the sheaves in (

the fairlead system:

-1.-Visually inspect the sheaves for cable
fairlead system gusalinement. This is evidenced
by the fact that one side of the sheave throat
shows more wear than the other side. If this

condition is found, the ‘sheave should be re- .

placed and the fau'lead system alinement
checked. ’

2. Exaniine’ the sheave grooves for cracks.
The existence of cracks requires replacement of
the sheaves. This does not include surface ~
scratches.

3. According to the, applicable MRC, check
for groove condition of all .engine and falrlead

sheaves. e

pr ek -

4. According .to the apph;,able MRC, check,
for bearing and spacer condition” on fairlead
sheaves. i

NOTE. If time permits, the inspections listed
above may be accomiplished at more frequent
‘intérvals; however, the times specified on the
MRCs are the maximum between mspectlons
and must not be exceeded. ‘

The sheave groove gage is used to accurately
.determine tife exact cable groove depth of all
" arresting géar sheaves The shéavé groove gage
(fig. 6-23) consists of a depth indicator, indi-
cator face, gage.body, centering disc, screw, and
_tensioning spring. The indicator face is divided
; into seven equal sectors and has six equally

calibrated steps, each /32 inch in depth. The
" steps begin at the.BASIC position, which rep-

resents 1 1/4 inches normal sheave groove dépth,

and descends counterclockwise in 1/32-inch

increments to ‘the sixth step which indicates

3/16-1nch total depth. To properly use the
sheave groove gage, the following prowdure
should be utilized. ;
1. Pull up the' depth indicator until the depth
indicator shoulder is above the BASIC position
2. Insert the centering disc in the sheave °
_ groove and press the gage body firmly against .
the outside diameter of the sheave.
NOTE: The gage must be positioned carefullv
* with the depth indicator and centering disk on a
. direct line with the axis of the sheave. {/‘/
3. Hold the_gage firmly in this position and
- depress the depth indicator until it bottdms in

the sheave groove throat (indicator face can be

read at this point when in an accesmble posi-

‘tion). .

4. Release pressure on the gage body, being
careful not to misaline centering disk and depth’
indicatar.

CAUTION: False readmgs wﬂl result if the
depth indicator binds in the centering disk while
releasirig.pressure. .

cSé Remove the _gage and read the mdlcator
fa .

NOTE The total wear, is the amiount indi-
cated on the sector of. the indicator face éven
with the depth md1cator shoulder. Should the
depth indicator .shoulder be located” between
two sector levels, read and record the gneater of
. the two mcrements Figure 6- 24 shows grodve
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‘Figure 6-23.—Sheave groove gage.

Figure 6-24.—Using sheave groove gege.
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e

depth readings being taken with the sheave
partially disassembled.

NOTE: -All sheaves must be rotated and a
depth gaging done at four points (spaced ap-
proximately 90° apart) on the sheave. groove
throat. .

The retractable sheaves and any- fairlead”
sheaves that ‘do.not have access opemngs will

_have to be partially dlsassem'bled to measure

-~

their groove wear:
When mspectmg engine sheaves, using the

_ sheave grdove gage, obtain four , cable groove

depth readings for each sheave. Rotate each
sheave and establish the groove depth teading
approxrmately 90° apart. (See fig.,6:25.) .

Record all groove depth readmgs taken and

ake appropriate action in’ accordance with the

placement criteria. |

After all.arresting gear sheaves have been
properly ~inspected and gaged, charge the ac-.
cumulator to 400 psi and tension tfie purchase

“cable by retractmg the system.

#

MAIN’I'ENANCE PROCEDURES
In* erder to.. be' effective, a mairitenance
program must aftain the followmg ‘objectives:
Safe. condition of the equipment before use,
efficient operatron to insure safety and maxi-
mum service life, discovery of trouble before .it

can cause damage to equxpment minimize down °
time by adoption of correct and efficient repair -

procedures, and familiarization with the equip-.
ment, to recognize abnormal operatron or mdr-
.cation of trouble.- - - '
Mamntenance by the arresting gear ciew must
go beyond a wipedown and periodic lubrication.
The arresting gear personnel must be instrycted

. _fo brning to the attention of the officer in charge,

any sign of malfunction, wear, lgoseness, leak-
age, damgge, or any other irregular conditions i in
the arresting gear equipment. They should also,
learn the physrcai location of ail operating parts,
cable .runs, air su ly lines, valves, electrical
supply lines, switfhes, fuse boxes, togls and
spare parts.

Inspection of tle engine should include vrsual
mechanical, andf operational mspectrons: The
following generdl notes apply to mamtenam,e
throughout the sﬁrrestmg gear' equipment.
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1. Mechanical mspechorf is performed whﬂe
"the engine’is at re§t. It corsists of a,security
check, exercising ; the engme, and manipulating
.the controls. This mspectron is a check for
looseness, excessive play, improper operation of
hidden parts,- lack + of . [ubrication, or ‘any ab-- -
normal resistancg to motion.

2. Operatronal inspection consists of run-
ning all operable systems through a full cycle of
operation, checKing' for smoothness of opera-

" tion, proper timing, and synchronization. B

3. Al mainteriance performed on recovery
equrpment should be noted in the mamtenance
log for that partrcular unit.

4. Changes in critical measurements should
be.logged so they can be used to predrct trends
and avoid possible troubles. = -

. 5. Wipe down all arresting gear equrpmegt
darly to remove dirt and gnme .

- 6. Remove rust and paint whefl pecessary‘
7. Do mnot paint threads of finished

s

. l’r'?llachmed surfaces.

®

" “operations. When

8. Check for loose or da;naged bolts, nuts;
.and screws Tighten or replace as “required.
Replacement bolts should “be of e‘qual or greater

- g strength than the ongmat

- 9,. All bolts should’ be hghtened to the
proper torque value. . .
10. Check for hydrauli¢ and prieumatic leaks
. _11. Be alert for any unusudl sounds which
may indicate malfunctioning equrpment Report
these conditions to the offiger in charge
12. Check spares on hand against allowable
spares list. Replenish spare ‘parts monthly. ~ " -
13. Maintenancé personnel must establish
and carefully maintain the Recovery ‘Wire Rope
"History Chart, recording all wire rope data ]
14. .The replacement of any O-nng, V-ring, or
other pressurt seal -necessitates a high-pressure
test of the equipment before resiiming arrestlng
ing ‘a pressure test of
newly installed seals, iPis necessary that the uhit
stand for a period of 4 hour before the seal ‘can
~ be accepted

!

- Once.ea éar (or &s modrf' ed by appropn- . .'
ate techriical pubjications); drain’ the ethylené -
_glyeol frofatthe “system and replace wrth fresh

fluid:.- — b
The mamt'enance "procedures and inspections”
outlined in thrs chapter should be venf' ed byg .
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Figure 6-25,—Gaging groove depth of engine sheaves.

checkmg them against the requlrements con-

tained'in the latest applicable technical publica-

‘tions when actually performing the jobs dis- :

cussed. Expenence and later findings frequently
result in modifications to proceduges and
changes ifj specifications.

A

-»
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' REPLACING CYLINDER

AND RAMPACKING

In the Mk 7 Mod 2 arrestmg engine cyhnder

iner€ are two sets of chevron packing, One setis:

:-in the mouth of the ‘cylinder and is. the seal
between the cylinder and the ram. The other.set

*of pack1n§ seals the cyhnder from the fluxd_ )

outiet elbow. -

Wheneven the packing at the mduth of the

cylmder néeds . replacing (fig. 6:26), use the
followmg pmtedur.es ..

"1, Blow~ down the accumulator. and drain
the hydraulic system.” :
2. Pull out the "deck pendant untxl the

* crosshead is moved to hal stroke  position. -
Block the crosshead,in this position to frovide *
’ "Workmg accecs y

* AVIATION BOATSWAIN'S MATEE 1 & C |
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3. Remove the screws and sl1de the retainer
(1") and wiper (11) along the ram (15) to the
" crosshead end,

A

4. Remove nuts (10) and slide retamer (9),/_

shims (7), and follower (8) along the ram fo the
crosshead. Remove the_packing (6). ~&- -
5. Install the ramfixture ‘approximdtely

midway between the cylindeT and the crosshead, _ - o
- Adjust the fixture to receive the full welght of .

-the ram when the crosshead and ram “are
separated.
6. Remove the bolts secunng the ram two

two-block assermbly.

retainer to the croshe‘ad
8. Separate the ram and the crosshead and
remove the split ring from the ram.

"off the ram. Discard the pagking (6) and the
, shims (7). \
10. Install new packing assembly on the ram.

NOTE: This procedure is necessary when M

repacking the cylinder because NON-SPLIT
packing must be used in tuC .mputh of the

cyhrder o

i63

-

block assembly to the ram and remove the ram-

7. Remove the screws secunng the-spht nng\

9. Slide the parts removed from the cylinder
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i,l. Reinstall. the follower (8), retainer 9),

:, wiper (11), anc
" [.. fam(15).. S .
| 12. Reinstall the split ring retainer on the end
| of the ram, slide the ram and crosshead together,
.and secure the ram and crosshead with the
/ securing serews. ¥ - LA,

13. Reinstall the two-bleck assembly.
P 14. Remove the ram fixture from the engine
; structure and slide the packing assembly and the
.follower along the ram into the proper position.
15. Slide the packing retainer into place next
to the follower. Hand tighten and measure the
| distance between the face of the cylinder ind
, the retainer in four places to make sure tthe

retainer. (12) on the énd of the

L 4
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8. Follower.
9. Packing retainer. ]
N “10. Nut. ~ e ’
s 11. Wiper ring.

12 Wiper retainer.

13. Ram slipper cage retail;xer.

14. Ram slipper.cage.
;. Ram.
\‘\'-:' , . .2 . .
' . AB.395

- §

Ve

" packing is seated evenly. A&id shims to fill the
gap and also to give the proper packing float.
Then ingtall the packing retainer. o

16. Secure the retainer with the nuts and
"tighten to the proper torque value. )

~17. Slide the wiper and the wiper retainer
into place and secure. ’ .

1'8. Remgve the block from the crosshead,
refill the n?)}ar,gulic system, and recharge the’
" engine. . .

If it becomes necessary to remove the ram
completely from thee cylinder, the following
method js used to replace the slippers on the

. ram and cylinder slipper cages and to replace the
.packing assembly in the mouth of the cylinder: -

i
‘1 .
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- on the flight deck.

~

./. K

°

1. Blow Hown' the accumulat
the hydraulic system. .
2. Block open the retra

3. Pull out the purchase cable to get sla

. and drain

:

% R
or10

"4, Block the purchase cable and cut off the *,

" topside terminals.
, 5. Butt braze approxrmately 350., feet of

' l/2-1nch diameter cable to each_ side qf, the

purchase cable on the flight deck. v
6. Remove the. crosshead stop from the
engine frame
7. Install the ram ﬁxture to the engine and
% until it supports the weight of the ram.
emove the screws and the slide w1per
retamer arid wiper along the ram.
T 9. Remove the nuts and slide the packlng
retamer and shims along the ram. °

*

-

the outsrde diameter of, the cylinder by means ef
the adjusting bolts.
NOTl‘f Because .of space lrmrtatrons it is
ces*Sary to remove ‘the adjustment bracket.and
er support on one side of the cylinder
support’in Order to ptace the cyllnder support
asseniblies in places -
7. Loosen both gylmder saddle caps that
seage the cylmder to the saddle assemblies.
Remove the four cylinder clamps that
Secure,the cyljndér to the elbow assemibly.
9. Tum in the jacking bolts on the cylinder
supports evenly to take the load of the cylinder

. off the supporting saddles so that the cylinder

> 10. Rémove ﬂle four bolts hold}ng the ,

. cylinder slipper cage in place
+ 11. Pul] the crosshead long ‘the tracks until
the i inngr slippers are at tR€ end of the track. As
“the tam is withdrawn from the cylrnder the ram
slipper cage will contact the cylmder sllpper cage
and pull it out of the c)’l'mder along wih the
packing assembly. |
% hen this is accomplrst;'ed the slippers can be
teplaced and the’ cylirfder-can be inspected.

miay, slide back freely during subsequent papkm .,
operation. & l%}:
10. Place the jacking block assegnbl)( on the

engine cylindgr. Make certain -that the ﬁngersoﬁ” ;
the jacking® blocks are firmly pIaced in ‘the . ““4%

. groove of the’ cylrnd‘er

Using the reverse procg_dure réinstall the compo- .

nents, replacmg the pac,}cmg assembly’and shims

7 _ at this time.

@ éngine structure and the vent valve fubing.

. arrestipg engine.

The packlnm%étween the fluid outlet elbow

“and the cylinder may be replaced usrng “the
) followmg procedure:

1. With the crosshead in battery posrtron )

blow down the accumulatcn’ and drain the
2. Remove me t;vo-block assembly, from the
ram.
3. Remove the fairlead mounted
fixed sheave end of the cylinder.
4 Remove the vent valve bracket from the
5. Move the crosshead forward. by pulhng
both engls of the purchase cable equally until tfe

. crosshead is within 23 inches (minimum) of the

cylinder. Block the croshead in this position.

6. Install two cﬂmder support assemblies as
showff in figure 6-27. Adjust the roller as-
sem'blres of the cylinder supports firmly against

¥y

@the.

11. Jack the engine cylmde,r__fm the elbow.
assembly as follows: “ ,
a. Insett the plunger end of the ram and
pump assembly (fig. 6-27) between the face of
the ‘elbow assembly and the takeup screw of thé~
Jackmg block assembly. Pumps may be placed in -
any 'location suitable for operatlng ‘the ram
plunger. . r )
“b. Operate the pumps srmultaneously to
pryvide equal jacking action of the ram plungers.
After the maximum stroke of the ram plunger 2
1/2 inches) Ji#s been reache'd return the ram to
the starting position by tuming in the takeup
screw Repedt the jackirig procedure until the

fixed sheave end of the cylinder has been-moved

18 inches from the elbow assembly,

12. Remove the jacking unit.

13. Remove the lockwrre and bolts securing
the packing retainersto the end of the elbow
assembly. Remove the packing assembly from

. the end of the elbow assembly Inspect all parts

for: damage

i4. Reinstall the assembly using new packing
and shirgs, and safety wire the bolts.

I5. Slide the engine cylinder back into posi-
tion with the elbgw.assembly as follows:

a.*Hold,the ram and pump, assemblies with

one end of the ram plunger contacting ‘the wiper .
retainer on the end of the cylinder. Contact
should be made@ as close as possible to the outer *




. ram plunger I

-
. v
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edée of the wiper retaiherx;The op;;osite end of
the ram plunger should be against the crosshead.
b. Operate the pumps simultaneously to -

provide equal jacking action of the ram plungegs.
After the maximum stroke (2 1/2 inches) o(@
been reached, return the ram
plungers to the retracted posjtion. Repeaf the

jacking procedures using progressively longer

~extensions between the ram plungers and the

wiper retainer until the cylinder has been pushed

. *back into position agamst the elbow assembly.

NOTE: The above ¢Xfensions can be made by
Shlp s personnel using any suitable.materials at
.hand.

16. Remove. the extensions and the ram and.
pump assembhes then reinstall® the cylinder
clamps "tonsecurg the cylinder to the elbow.

assgmbly, and secure the bolts with the)proper'

torque value.), .
- 17. ‘Reinstall all components removed and

' tlghten down the cylinder saddle caps that

secure the cylinder to the saddlg assemblies.
18. Fill and charge the system and return the
crosshead to battery pesition. -

* INSPECTION AND SETTING OF

.

. CONSTANT RUNOUT VALVE .

The heart of} the arresting engine is the
constant runoytValve. Operation of the constant

sacking BLock 1 \\Y / 2o N /.’

ASSEMBLY ]
: ’&\\(b \\\

. - Y,
RAM AND PUMP ASSEMBLY

Figure 6-27.—Special equipment for moving the &ylinder., ‘
. P

~allowable limits are:

T

/Q}
W

'R .T
:;5,;/

\\‘

- . - AB.39%

\

[P . ..

runout Jvalve allows am:raft of differing weights =~

and landmg ‘speeds to' get the same amount of
deck runout. Allowing all aircraft to get maxi-
mum runout makes it eamer on the landing

aircraft arid the arresting efi 4::

constan%:t
Saintenance and

Due to the importance, ot
valve, halfway measures o -8
inspection cannot be tolerated. The valve is
closely inspected daily for propér operatlon and

*adjustment. Its failure to function could ‘very

well mean the loss Of life.
The torque required to rotate the cam to the
DWELL position shall be checked after approxi-

mately every 300 "arrestments, or monthly,

whichever occurs first, to
values ~ are within the all

ermige if torque

Axrcréft Welght Setting t!Torque (Pound-Feet)

14,000 80-110
: 50 000 . 110-125
. The procedure for checking and ,settmg cam
torque is: .

1. Blow off engine accumulator preesure
*“'T'Usmg the motor unit, set the levers at the
14,000 pound weight position} Th,en dlsengage
the motor unit by pulling out on the manual
handwheel. (See fig. 6-28.)

: E . _\
1 K6

- .

s .l

-

able limits. The
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3. Disconneof the roller ¢hain at the master
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. link and _remove the .cthain from the- cam

.

s tlvg

¢

sprocket (See fig. 6-29/

4. Unlock the key washer at: the stem screw
and loosen the spanner nut. (See fig. 6-30.)
s. Adjust the stem screw until- the upper
and lower levers are approximately parallel.
Trghten the $§panner nut. (See fig. 6-31.)

6. Using a. torque wrench, rotate the cam to
the DWELL position. Read torque on the
indicator gial and record. Rotate the-cam off the

~ DWELL position. (See fig. 6-32.)

7. Set the levers to th& 50,000 poufid

- weight position and’again rotate the cam to the

DWELL position. Read-torque on tfie indicator
dial and record. Rotate the cam off the DWELL
posrtlon
8. Repeat” torque readmgs at 14,000 and

'50 000 ~weight seftings at least three times,
altematulg from one to the other, to determine
» ~consistency o?areadmgs Record. all readings.

NOTE: If torque readings are inconsistent at
either position, check component parts for wear,
deformity, or damage. Replace worn or damaged
components to-insure consistent readings.

. 9. Thé cam torque chart (fig. 6-33) can be .

utilized as an aid in -obtaining the desired cam

' torque values. (Use of thlS chart i isintended asa_,

gurde only. Due. to the variations in valves and
torquing techniques, the exact positions of the
guide lines are indeterminate.) Perform correc-
functlons, if necessary, as mdlcated in the
torque chart unger appllcable situations and
take new readings. (See fig. 6-34 for procedures
to rotate the adjusting ring.).
< NOTE: Each, time fhe adjusting ring 1s ro-
tated, be certain fo retorque the cam housing
.bolts carefully to the' required torque (240
pound—feet) Varratro.n in torquing. these bolts
will ‘cause correspondr,ng variation’ in cam
torque. Also, each time the stem screw is turned
to'accomplish cam torque adjustment, be certain
to securely tighten the spanner nut. . .
CAUTION: When arresting heavy jet aircraft,
cam torque value should be kept as close as
possible to the 125 pound-feet limit of the
110-125 pound-feet.torque range at the 50,000
-pound weight setting to lessen the possibility of
ram overtravel. ,'
10. Make a final check for torque readmgs at
the 14,000 and S0, 000 pound werght positions.
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Figure 6--28.—Deofeasing' wEight sattings.
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MASTER LINK

" Figure 6-29.—Removing riaster link.
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Figure 6-30.~Unlocking key washer.
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If all values are within the acceptable torque
range, secure the key washer by folding a tab up

into a slot in the spanner nut, and another down -

into a slot in the valve sleevé.
o - 11. Rotate the cam until the BAT. POSIT.
) mark off the cam is alined with the zero index
", .mark on the cam housing indicator plate. With
& . the engine crosshead in battery position, rein-
“& _ stall the chain and master link, and attdch the
- appropriate cable ends to the chain and to the
adjystable anchor on the trosshead. Make sure

. the screw on the adjustable anthor is centered
. beférg attaching the cable énds to it. (See fig.
6-35)ay . L. ..

Recheck for coincidence of the-index marks
on the cam. If they are out of position, use the
adjustable anchor.to position them.
+- The drive system of the constant runout valve
.q =15 tensioned by means'of the turnbuckles to 400

s

e o i
WNEL 2 0

&

.(v;—-

« T L]

g 7 Spounds. This tension is checked daily prior to , ° for broken wires.. .

. i ¢ . AB.40p
Figure 6-31.—Setting stem scraw to adjust roller levers.
L4

~ -

¥

operations with the tension indicator shown in -
figure 6-36. .
Diring operations, the problem of purchase

,.cable stretch” always presents itself. As the

purchiase cable stretches, the crosshead will
move closer to the crosshead stop.” As the .
crosshead moves in this direction, the .drive
system of the constant runout valve will .over-
rotate the cam, putting it out of position. The’
adjustable anchor is used to realine the battery .

"index mark on the cam with the mark on the

cam housing. (See fig. 637 o #

If, due to, continued stretch of tf;'g,rpurchase
cable, there are no more threads left on the
screw of the adjustable anchor, the adjustable
anchor screw must be repositioned te center, the
cam- drive chain removed, the cam manually
repositioned to battery position, and the tumn-
buckles adjusted to retension the drive system.
_ The drive system is the éritical ‘part of the
constant runout valve. Therefore, it is checked
daily prior to operations for proper tensign and -

1Y
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£
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The complete drive system is replaced if there ,

are one or more, broken wiresin the.drive sy$

‘or if> thexe is one cracked link in the chain of the

dnve system.

. 'REPLAGING SHEAVE .
DAMPER PACKING o

Mamtenance on the sheave dampers consrsts
pnmarrly of replacing’ worn packing when leak-
age ‘occurs. (See fig 6-38.) Sheavé damper

_ packing consists of O-ring and Vnng packing. .
. Oring packing is installed at all flanged con-

nections, vent valves, and plugs, while V-ring

-packing’ is used as a seal between the buffer ram
" “and gland, the damper piston rod and cylinder .

cap, and the damper piston and cylinder.

Fluid leakage at one of the flanged Jomts is an
indication of either a bad O-ring or improper
torque on bolts qr nuts. The procedure to follow
when leakage occurs where an O-nng is used” asa
sealis: . :

1. Blow down the accumulator pressure,

2. Check for proper torque on bolts and nuts.

-3, Recharge the.accumulafor .

[ R
. ’,

 If 13akage still &kists, proceed as follows:
1. Blow down the accumulator.

" 2. Drain the system...», .
3. Remove and discard E old Oring.
"4, Clean the mating surfaces, with spec1al

* care given to the O-ring grooves.

5. Lubricate and instalt the new O-ring. -

6. Reassemble the joint and tighten to the
applicable torque values.

NOTE: Improper use of the forque wrench
will cause variations in the torque actually
imposed on bolts and nuts. Tum the wrench

_slowly and smoothly to obtam the most ac- .

curate readings, .

7. Refill the system with fluid. ‘

8. Charge the atcumulator .to 750 psi and .
check again for proper seal against leakage.

When the flow control valve is disassembled
to replace the seals, make sure the ﬂapper m,the
flow control valve is installed properly when
replaced. The valve housmg must be installed so

. that the flappef will swing open and allow free
flow of fluid from the cylmder to the accumul~

atop " ] -

‘}\ 469
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Figure 6-33.—Cam torque chart. . -
e : g 1
- ey e " 'n‘w :
. . e -
. ..

_ Fluid leakage that occurs between the damper

piston rod and the gland, or between the gland -

and the cap assembly, indicates a failure of the
» V-ring packing. -~ VL

. Drain the system as necessary, then remove

—~ . the bolts secusingthe gland and slide .the gland

. back.on th"pisfon rod. Remove and discard the

old packings.. Retain the spacer and follower.

Check q\e-pistqg--god for possible scoring, burrs,

- or any imregularities which may have damaged

" the packing. Lubricate and install new packings,

and. reinstall shims to insure proper paeking -~
float. ~ ' 2 «
Fluid leakage that occurs between the damper
piston and the cylinder is duewto faulty Vering -~
packing on the damper piston. ' .
Leakage that occurs between, the " damper
piston and the piston rod js caused by failure of”
the O-ring seal. One method of replacing the
V-ring and the O-ring seals is to remove the cap
assembly and remove the piston from the
‘damper cylinder a’g the forward end. Since this

’ ’ . .

165‘ . a . L .
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* " as follows:

ator and drain the fly
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Figure 6-34.—Rotation pf adjusting ring.
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procedure enfails a lot of unnecessary !abor an
alternate method of repacking the plston has’
“been developed.” . / L

The altemate method consists ‘of removing’
the buffer assembly and extendrhg the piston

clear of the_cylinder to gain ss for replace-
mient of the packing seals, d’cg accompllshed
1. ‘Blow down the pressure on the arrestlng
engine accumulator. / -
2. Blow down the sheave damper accumul-

3. Disconnect h}e sheave damper crosshead

from., the’ cleyis+

- forward viclently (away from the clevis end of

the 'piston rod) when“he crosshead is drscon-
nected from the clevis.

4. Secure:a length of rope. to the sheave
damper crosshead as shown in the fi igure, and .

" pull the crosshgad 3 to 4 feet from the clevis end

of the. prston rod." This will provide room for
installing the piston rod extension.

5. Loosen the setscrew ,on the clevis enough
to allow removal of the clevis from the piston
rod. Remove the clevis from. the prston rod and
the gland from. the cyhnder ¢dp as shown ih the
figure.

6. Install the piston semoval kit (piston rod
extension, packing guidé, gnd piston rod. sup- _
port), as shown in figure 6-40.

7. Disassemble the piston and replace the

"V-ring packing. The O-ring seal between “the

»

pisten and piston rod must be replaced every
time the ’V-rmg packing on the .piston i5 res
placed.

8. Reinstall *the " shegve damper cylmder

. components in the reverse order of disassembly.

) REPLACING ANCHOR

9. Fill the sheave damper system with fluid
and charge the sheave damper and arre,stmg

-engine accumulators to operating pressures.

10: Functlonally check the asembly

DAMPER PACKING

Cable+anchor damper ingtallatioris are of two
types, the deck. mounted installation and the
overhead mounted installation. Each mstallation .
consists mainly of two cable anchor damper
assemblies, fluid piping. ta the engine accumq};h-
tor and retracting valve, a battery positioner,
and a battery, position indicator. The cable
anchor damper installation; used only w1th
pendant eng;nes, remaves slack as it
between the engine sheaves,and -the anc ored

ends of the  purchase cable at the begmmng_ofan

" “arrestment.

removmg the clevis pin (fi g

* 6-39)
: WAR : Be absolutely certam at no.
tension e)r{sts in the cable system that would

cause the sheave damper orpsshead to move

l-/‘

w?

: O-rmgs are used as seals between all flanges in
the anchor damper assembly. These are the most
¢ommon points of fluid leakage. The fitst step in
correcting these-leaks is ta remove all pressure at
the seal, after which the torque vélue of the
securing bolts is checked If the'proper forque

.does not stop the. leakage,, the joint must be

R

o]




: - TESTING CABLE TENSION
s WITH CABLE TENSION
INDICATOR
L ' oL
- . . , .. AB.405
) ’ - F;gu:eG—SG.—Drive systam tension indicator. . . .
_’ . . - ) . * . T. . . ) p
L disassembled to determine the cause of leakage. . insert new O-rings. Reassemble the joints and
Remove..and discard old O-rings. Inspect the.  torque‘to proper value. ’
.. mating surfaces for evidenee of faulty contact:, NOTE: The Hhydraulic ,systems must be

L]

- . E
. - - * .
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.. the cleanliness of O- ring grooves. Lubricate and - presen
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matimg faces, -giving special attention to.. . drained to such an extent that no fluid will be
t when the piping connections are disas-

/




. : \E A
* Flgure 6-7.—Adjusting battery, JHe#k raark.

. e
%, M

sembled. This involves blowing off the ac
cumulator, then draining the hydraulic system.
There are four possible points of visible flujd

leakage ‘from the operafing_end of thé cable

anchor damper. Some of these ‘points are
covered here. (See fig. 6-41.) There are two-
points of possible internal leakage which are-

invisible. In all cases, the system must be drained ©

" asmecessary before disassembly can begin.
Visible fluid leakage can occir between the

operating end head and the operating end flange,

and is caused by failure of the Q-ring or backup

Q ..

-

L .

Tings, or by excessive clearance between the
flange and head in the sealing area. To replace
the O-ring; and . backup. rings,. take...off. the
removable- sections of the cover and track to
allow additional working space. Remove the
bolts securing the flange to the head; Support
the coupling assembly and move the flange, the
gland, and the piston out of the head. Clean all

- mating surfaces of the flange and head, giving

special attention to the . O-ring groove, To ]
Teassemble, slip the new O-ring and backup rings

over the piston to the flange. Move the piston

*

)
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DAMPER PISTON

CASTLE NUT
(DAMPER PISTON ROD)

BUFFER RAM
"BREATHER

. . 4 V-RING PACKING
BUFFER ASSEMBLYZ .

INDICATOR STTER PIN

FLANGE

- LgLAND
v- RING PACKING

»
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MANIFOLD
(DAMPING END)

CYLINDER CAP
V-RING PACKING'
-]

Figure 6-38.—Sheave damper cylinder con;ponents.

R
.

back into the cylinder and bolt the flange-to the -

head. Replace the-cover and track. ‘

: Fluid leakage can occur between the gland
and. the-operating piston rod or between .the
gland and the flange due to failure of the V-ring
packings to seat.properly against engine cylinder

. pressure developed in. the head. If adjustment of

. the -gland *fails. tp halt the leakage, the packings
must. be replaced. The removable secfions of the
cover and track are.removed, but the gland need

~not be completely removed. It may be slid back

Bt .

-~

r

Ce i

LW A
s ,%

along the rod ,ancci: the packings split before
installation. On rénfoval of the gland, the rod

_miust be inspected Yor burrs, sctatches, or other

surfagg irregularities which may have damaged
the Jackings. Chéck clearances before reds
serblyl Lubricate #fid install new V-rlng pack-
ingd, uging the refained shims and -adapters.-
Rggz e cover and track. + - -

_'Eiuid %an leak pasf the operating piston and -

' theylisider wall into the cylinder. Leakage past

theéV;fin@ of the opgrating piston will be
474 : L

<
&

2111
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DAMPER PISTON ROD

CLEVIS

, .
Pd
Pd
. V4
vd
DAMPER SHEAVE
CROSSHEAD
CLEVIS PIN .

-~
-~
—~——
-
-

-

Figure 6-39.—Disconnecting the sheave damper crosshead.

.t
¢ hd
-

- - ~detected only of" disissembly or thirough mal

function. If ledkage pabt the piston is excessive,
, the damper will fail to' remove the slack from
the cable, and engine fluid will accumulate in
“*the damper cylinder, eventually flowing out of
the Yylinder through the hollow rod of the
cushioning end piston and into the ajr container.
Replacement of the V-rings on the operating

piston necessitates ,disasse;mbjy in ‘the same

- T . . . .

. Q g ‘, s L.. .

GLAND

e mmnnnd
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ROPE USED TO PULL DAMPER SHEAVE
CROSSHEAD APPROXIMATELY3 TO 4
FEET FROM CLEVIS TO FACILITATE
INSTALLATION OF- PISTON ROD EXTENSION,

LOOSEN SETSCREW ENOUGH TO
REMOVE PRESSURE FROM CUSHION
BEFORE REMOVING CLEVIS FROM
DAMPER PISTON ROD,

CLEVIS

- ‘—. . '§
"~ “manner “as . replaging  the O-ring between thé
cylinder and the operating head, with sh
following additional steps: . ° - X
1. The piston rod must be moved. farthet . |
away from the operating head to allow sufficignﬁ .
working space to replace the packings. . =/

" 2. Disconnect the , anchor cable the
coupling and pull the piston completely put of
the head. . . ) , ’ . .0 "

170 , V- 4%5 . S )
o ) , -
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PISTON ROD
EXTENSION

CYLINDER CAP

STEP @ -

/PACKING GUIDE - .
LOOSELY; INSTALLED

DAMPER PISTON

STEPS @ ond @

>

-

3. Discard V-ring packings and retain shims
and adapters, Inspect and clean all parts re-
moved. Replace any damaged components.

4. Install new ring packings and ,reusable'

adapters and shims.

5. Push the piston back into the head and
connect the cable at the coupling assembly.

Fluid can leak past the piston and piston rod -

- of the operating end into the cylinder due to a

.
(Y

SLINGS

Figure 6-40.—Installation of piston removal kit.

ISR

CYLINDER .CAP

"

PISTON ROD
EXTENSION

CYLINDER CONTAINING
DAMPER PISTON

~DAMPER PISTON
SUPPORTED IN SLING

{EXTEND 8-1/4 INCHES
FROM FLANGE) .

-

PACKING GUIDE

<N .
' @\PIS‘[ON RoD SUBPORT
. T\-wnsnsn C

BOLY

’

A . AB371

- 2,

(o

faulty O-ring. Disassembly to replace the O-ring
is the same as that to replace piston V-rings

_mentioned ‘prqvibusly, .with these " additional

steps: . P

1. Remove the nut and bolt securing the
piston rod nut, and remove the piston rod nut
from the piston rod. .
" 2. Back the piston off the rod and discard the
O-ring. o Tt
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. Cleanfthe .O-ring groove and mating sur:
- faces. L : '

4. Lubricate the new

- the piston. '
5. Replace the piston,
seuring nut and bolt. .

O-ring and inser€ it.in

n, piston rod nut, 'a_ﬂd

/ 6. Insert the piston in the operating head and
leassemble the same as for leakage between
gylinder and piston. "+ | S K
| There are three possible paints of visible fluid
[leakage from the cushioning end of the cable.
anchor damper, and three points of possible
¥ intenal leakage which are invisible. An ac-/
< cumulation of fluid in the air container, as noted
on the sight glass, is an indication that the fluid
is leaking at one or.more of the in¥isible poirts.
_Fluid carr leak between- the cu ioning ‘end
head and cylinder due to failure of the O-ring or
backup ring, caused from improper tordue. of
the flanged joint, or.from improper aliriement.
To replace thé O-ring and backup ring, remove«
the air container, piston rod nut and washer, and
bolts holding the cylinder to the head. The
cushioning end head can be §lid back after
breaking - the connection to the accurnulator
pressure line. Push the piston and rod into"the
cylinder to provide. working sgace, and reTke
and discard the O-ring from the cylinder Clean-
mating surfaces and check th¢ clearance in the
sealing area. To reassemble, lubricate and install
. a new O-ring and newjackjlp rings, pull the

_ piston ang rod out of thg cylinder, and run the
" ‘piston fod back through the gland. Slide the
cushioning head over the.cylinder and replace
the bolts and washers to secure the cylinder to
-the -head. .Replace the piston rod nut and
washer. Realine and shim the cushioning head,
replace the air container, and reconnect the
piping. Reassemble the accumulator pressure
line corinection, .installing the orifice and two
new O-fings at the orifice. Tighten the clamps to
secure the cushioning end head. ' ’

Fluid leakage -can occur between the flange
and the cushioning end head, due to failure of
the O-ring or backup ring, or from improper
torque. To replace the O-ring and backup ring,
remove the air container, the pistos rod nut and
Washer, and -the bolts holding the flange to the
head. Then remove the flange _,ai}d attached
gland. Clean mating . surfaces and: check the
clearance . in ‘the sealing area. To

aroes

P

¥

>
I

onarAR2IRIAIASADIS USRI
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lubricate y4nd, install a new O-ring~and new
‘backup rings, run the piston rod ‘back through
the gland, mount the flange to the- head, and
replace, the piston rod washer gnd nut, and the
air container. Reconnect the’ air container
piping. { . .
Fluid leakage between the adapter and the
cushioning-end head is caused by failure of the
O-ring. To replace the O-ring, break the ac-
‘cuiftulator pressure line Q)nnection and back the
adapter out of the head. Clean mating surfaces,

lubricate, and install a new O-ring.
The points where\in_visible fluid leakage can

oceur and the jnethod of Qorrection follow.
'Fluid leakage can occur between the gland and
the rod due to failure of the V-ring packings.
Remove the -air container, then.remove the
cotter pin, slotted nut, and washer from *the
cushioning piston rod. Pass a wire through the
hold in the threaded end of the rod and secure
the wire so that it can be used to pull the rod
out of the cushioning head flange. Carefully
push the piston rod into the flange until the
V-ring packings are exposed. Care must be taken
not to allow the rod to fall off the flange surface
and 1nto the cushioning head. Remove the gland,
shims, V-ring packings, and adapters. Pull the
pistan rod out by using the attached wire.
Replace the V-rings and adapters in proper order
over the piston rod and securé them in place
with the glarid and shims. Replacg_the washer,

slotted nut, and cotter pin on th§ end of the

iston rod, Replace the air container and re-
connect, the piping. R
~ Fluid leakage. can occur past the* cushioning
end piston into the cylinder. This i caused by
_ the failure of the V-ring packings. It is evidenced
by an accumulation of fluid in the air container
and is detected by means of the sight glass. The
air container and flange must be removed to
allow the cushioning piston to be drawn out of
the cylinder. The packings must be replaced o
Fluid leakage past the piston and piston rod
in the cushioning end is caused by a faulty
O-ring. Remove the flinge and slide the piston
“out of the cylinder. Remove the nut and bolt
securing the piston rod nut and back the nut off.
Back the piston off the rod, discard the O-ring,
and clean the O-ring groove. Libricate and insert
a new O-ring. Reassemble the piston and insert it
ifito the cylinder. Repldce the flange and secure
it to the cushioning end head.

'

Ly
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PURCHASE'CAB,LES T : o S - S -
%ere are two ways in which Jpurchase ‘cables » - ‘aag"sfiop,f}‘w?;gg)"o N * .
are rétved through the, arrésting engine—single _® ) '
regving for pendant engines, and endless reeving - € FILLER WIRES COR
f%ﬁcade engines. A single ggeved engine has - (HEMP,FIBER) . =,

" two Burchase' Gables which are connected to a o g | :

. ‘deck pendant at one end and reeved through the 2 - 1 20 ’ .

- engine .and connected to anchor danipers at the INTERFACE .
other end. (Mod 1 engines do not _h'aJve anthor’ . ., . -

* dampets; the engine end of the purchase cables - . "” N .

-ar’e' connected 35} anchor couplings.) The endless ' '6‘ - /
reeved barricade engines have, 4 single purchase - " )

v .cable reeved through the engine with both ends i Z )

" - . termi-afing on the flight déck. A . 6 STRANDS
" Purchase cables are_lang lay cables, and are MANUFACTURER'S - PER CABLE

. manufactured right lay or left lay. Right or left ~ ® IDENTIFICATION TAPE
lay depegds on whether the strands of the cable e )
rotate to- the right or left while receding from” -t . ey

., the observer and whenyyjwaed from above. Lafig - - - . AB.373 !

lay> denotes cables in which the wire. Qf-ﬂ‘e Figurg’6-4%\—0ross section of preforfned purchase cable.
. strands and the strands™of the cable are twisted ) .o e .

- iif th&%ame difoction so that the outer wires in— . )
the lang lay cabls run diagonally across the v 0 . :
v longitudinal axis of the cable. Lang, lay right- ~ chapter 5 of ABE 3/'& 2, NavTra 10302-C;
hand “ptirchase gable is manufactured,” pre- “4th refore, this section dezls chiefly with inspéc-
.~fornved cable. o tion procedures and replacement criteria.

The 1 3/8-inch diaméter purgirase cable is Due t6 high .engaging speeds of gircraft being
made up of 6 steel strands, each ®f which is-a recovered, the purchase cables” must be fre
twisted ‘bundle ’oﬁ.;l9 ajor wires'and 6.filler  quently inspected and ‘teplace »whep  certain
wires fthe ﬁller"gﬁ%&s provide shaﬁe'stébfli'ty to  gonditions exist. Inspections and'replacemept of .-
the strand, witf little stren h-contributiog®all  purchage cables are geared to time in service, size
twisted about an oiled.'hemp center in of deck and fairlead sheaves used,, number of
which is buried a paper or plastic tape strip  arrestifignts, #hd types of aircraft arrested. Also,

i - bearing the name of the <&able manufacturer.  certain adverse conditions require tHe purchase )

- (See figure 6-42.) By putting a short ‘length of-  cables” to b inspected and/or replaced.- The .
* cable and uhlaying the’strands fro‘r%around the * ° purchase cables must.be inspected when any of ,

" center, the manufacturer’s ape can'be remed.  the following occurs: - . %
t is made 20 feet*br -

-

[

fl

The maker of any arresting gear cable be 1. .When "an arrestmen
determined in. this, fashion in case faniy * - more off centerline. ' C ey )
abnormal conditions or’ failure of table. .The ° 2. Wher the engine two-blocks during arrest-
- purposes of the oiled hemp center are to provide, "ment, f . oot .
- a-“cushion” for €ach strand (as tension in the - 3. Afterany unpredicted short runout,” - .
cable acts to squeeze the strands together), and « . The purchase cables must.be replaged .under

- .

g alsq, to supply lubrication when’ th.é'-cable is  any of the following conditions#v; ° &
) un&r

7

*

tension, - _ v - %7 = L KINKING. (See fig. 643.) inking is -a,’
"o ) o ’ - tight, :small-radius. loop , ti?r,may ¥ formed by - ¢
* . Inspection dnd Replacgmn? Criteria_ ‘\b ™NEXRessive torque buildup or.an sabruptly Hhlted o
* ‘ e .o " * Thétraction cycle of the arresting engine. Newly =
The actuareplacenient of purchase cables en ¢ instalted purchase cables miist be detorqued )
Mk 7 arresting éngines is c?veréd, thojomghly in  after the first 50'e,ngét-fejjnents (and not more -,
e b R . s S "‘5". . ““'::’ A ,,-
; ‘ .. . :, “.’_‘ . ',..~ ) ,7..';.,-’ n‘:( -
. > ) i P oo ‘”-"‘ b y. . f
‘ Qo L ., D R ; i She
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'« Note .broken wires (A, B, and C).in figure 6-44.

o .

-

_ . AB.407
Figure 6-43.—Kinked cablé-and straightened cable with
. kink pulled through. | .

-

*

than 60), and must be detorqued every: 200
engagements thereafter. .
2. BROKEN WIRES. Close inspection will

- veveal broken wires. Broken wires may occur at
‘any point in.the, cable. The hemp core pushing
out .between the cable' strands could be an
indication of a broken wire. When this condition
exists, inspect affegted area caréfully. Four or
more broken wires within one table pitch length
is cause for replacement of the entire cable.

3. EXCESSIVE STRAND INTERFACE

' CORROSION. (See fig. 6-45.) Extemnal and

*internal cable corrosion, caused by trapped ¥

- moisture in_the fairleading system, cah cause
reduction in the.cable. strength and even subse-

- quent purchase cable. faifure. Strand interface
cotfosion will be evident on close insgection and
may occur at any-point in the When,
corrosion exists, inspect jghe-z
fully.” Corrosion on the interface of all the,

. strands within a cable pitch length is cause for

» replacement of the entire purchise cable.

. 4. EXCESSIVE WEAR OF CABLES. Because’
of the angle that individual wires‘make with the
axis of the purchase gffle, the,crown of these
wires, when worn,, is tremely elqngated. Wear
of lang lay cable is ,detprf%ﬁhe,d by measuring the
distance; between-the end of the worn portion of

PR Y M -
”

0
L]
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‘from each strand within a cable lay to assure
care- --

. is defined /as"a condition in which the sum of the

~ the cable (measured from the-flight deck pur-

175 - ' .
iRG .

- L]

L

* - »

STRAND INTERFACE
CORROSION

© : , AB.409
" Figure 6-45.—S,trand',interfaca corrasion.

-

4 v
one 'wire and- the beginning of+the fifth wire
away on the same strand. This measurement st
known as the “Q” dimension. Figure 6-46 shows
how the “Q” dimension is obtained. The “Q”
dimerision decreases as ‘cable wear in:creases',
therefore two or.more. readings should be taken

that the _MH:IIMUM “Q” dimension is obtained
for each strand. Excessive wear of lang lay cable

MINIMUM “Q” measurements taken froin each
strand of a cable lay is 8 inclies or less when the
measprements are faken from the first ¥5 feet of '

chiase cable poured #ermindls). When measure-
ments are taken, from the remainder -of the
cable, it is_considered excessive wear if the sum

"

- -
> L K ' . -

/

. t 4
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“of the "MINIMUM “Q” measurements taken ¢ -

from each of the six strands of cable is 9 inches

or less, or if the minimum “Q” measurements on *

. any three strands is 1 1/4 inches or less. Cable

} replacement ‘is mandatory when githet™ of the
above conditions is reached. = A .

Figure 6-47 shows the inverse relationship

.betweén the amount of cable wear and the “Q”
~ dimension. The flat spots on the lower cable are

considerably - larger than -‘those on the upper

cable, indicating greater wear, however, the “Q”

diniension of the lower cable is substantially less

than that of the upper cable—thys: as the wear

increases, the “Q” dimension de¢ .

& 5. INSTALLED MORE THAN ‘T2 MONTHS.

" The purchase cable must be replaced, regardless - -
of! condition, if it has been installed more than -
12 months. .

To permit study of failed purchase cables for’
the purpose of establiffling inspection and re:
placement criteria, samples of the failed pur- - " S
chase ¢ables are taken (fig. 6-48)... K Figure 6-46.—0b.ta| ng “Q” dimension to dete

The procgdure for taking samples of a faile . - excesyiye wear of lang lay cable,,
puichase cable arex ® :

* 1. Remove a 50-foot sample from_each side

AB.410
rmine

of the break. = = __ ___ I P e e B e o
2. Remove a 30-footfample, 100 feet from 5 : . '
the topside terminal;, T ’ * .S . } :

3. Wire a méfal tag to edch sample. The tag
must have an identifying letter stamped- on it.
(See fig. 6-49.) = .- ’ '

4. On a separate sheet & paper, record the
identifying'letter and the following data:

a. Carrier number. . ) Lo — o , > ‘

b. Engine number. T .ot NOMINAL WEAR - L

c. Date the purchase cable was placed in . i L
service. - . )

d. Section of the-failed purchase cable the .
sample Was taken from, e.g., 50-foot, engine side '
‘of,, break, port cable; 30-foot, 100 feet from.

* topside terminal, port side, etc .

" NOTE: If a break in the purchise cable

+ occurs at a location where one of the prescribed
samples cannot be taken; obtain another sample

" . as near as possible to the ope that is desired. If a
sample is taken' from a lovation other than th ' . .
, ones prescribed, the sample shall be clearly an% \ ., 8 '
- precisely idenfified as aboye.

EXTENSIVE WEAR .

, e L

. 5. Insert the recorded informatidii in.a stllrdy : . S - AB.411,
manila envelope and staple it to the inside cover  Figure 6-47.<Relationship batweon the “Q" dimorsion
of the shipping box. ’ - N, - and the extent of cable wear,

. ' .. . , . . L .- L
. - A P 2" - . .
. RS P
& - st ,i Rﬁ N
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::zl .- ' ST . * ne
-, . ’ -~ ,
s TOPSIDE TERMINAL 50-FOOT CABLE SAMP
e (PURCHASE CABLE) . FROM EACH SIDE OF BREAK
- ' ” ) N
, SEIZE CABLE AFTER PULLOUT . &
; (FOR cunme AND SHIPPING PURPOSES) v

.. -30-FOOT CABLE SAMPLE D -
y 100 FEET FROM Tag,

TOPSIDE TERMINAL .
.

BREAK N FAILED PURCHASE CABLE
APPROX“I0-FOOT MESSENGER CABLE

ar

GBI 1D BE TWEEN GROKEN ENDS ) .
- » ) ’ ’ 'I ] ~
» » : . 4 R

. R - . . -~ * f

. ‘ . S . e . . ABa12
L ) - Figure 6-48.—Obtaining samples of a failed purchase cable. .
A : . : < ‘

4 « . . . .- .

: . - . the seriousriess of the failure, and provide the.
. To. . ship with disposition instructions. |

WIRE SAFETY IN INSI?EC’I‘IO.NS

SEIZING

-
N -
’" -

The “recovery of aircraft involves various
inherent dangers due to the cémplex coordina-
tion of men and machinery. Personnel engaged
in operation of the. arrestmg gear equlpment
must be thoroughly trained and initiated in the

. " operatrons :Disregard for the fundament?ls pf
’ ) : o caution and sifety will create .hazards far in
o METAL TAG ‘ oo excess of the inherent danger factors. -~ .
’ -+ » - Arresting gear niust be kept ready for-instant-
AB. 413' *. use. There is only one way such a condition may
E‘kure 6-49.~Cable sample with |dent|fyin9 metal tag. ::p a(:ife:;;d m;?::ttenlz’ncgy tlfr(:e?:rtil?rtlgmaip: c;t)l:st ’
T - T landing inspection of all. compé6nents is a neces-
- : ’ sity and mandatory,.as directed by the appli-
A peport by mmsage is made to the , cable MRC. Every section, topside, below deck,
pphcable Type Command, with information engine areas, and ready stowage must be pre-
\copies to NAVAIRSYSCOM and- NAEC, re- pared to function on command. . -
uesting disposition instructions. - v * The_ necessity for acc aracy ¥ of. cgmmand
The Type Command will select the procedure  attention to command, and care of contmuni-*
+ - best suited to the particular ship's location and . cation systems, whéther such system be by

Lo . ; [ 4
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pbone “synchro signal, or lights, must be empha-

oroughly understood,by all opera-
fing personnel. Accuracy in %akmg proper
settings of gears and indicator systems, and
’proper tension and pressure’ 'tests must be
emphatically impressed on all p nel.

During an arrestment, all topsfde and deck
edge persganel should be aware of all movement
on and about the flight deck, with strictest
attentlon paid to what the landing aircraft is
doing Because of the possibility.
failure, deck edge control operators should duck
below the deck level during penda(;t est-
ments. Pendant failure could cause cable whip,
or cause the aircraft to go qver the deck edge.

Catwalk personnel should be as few as pos- .

sible, so they can move freely and get out of the
way shauld they be placed in jeopardy.

Hookrunners should approach aircraft from
the front and side. This will place them away
from danger of jet blast or broken cable back-
lash. | »

Rapid fuel consumption by. jet aircraft re-
quires highly trained, well drilted, responsible
crgws for the rigging of barricddes. Regular drilt
schedules in rigging should be held ‘to reduce
rigging timeé to a minimum.

The greatest safety factor in the operatlon of
the arresting engine i$ constant attention to
inspection, maintenance, and overhaul. Preven-
tive maintenance is particularly necessary. Daily
inspection, inspection after each arrestment,
and, depending on the unit involved, inspection
and maintenance at regular intervals wﬂl nulhfy
«many of the conditions that may arise to
endanger personnel.

Mairitenanceé can be divided into two broad
categcnes preventlve mamtenance and’ correc-

* ’ .

r—— m

tive maintenance. Preventive maintenance con- - .
sists of routine shipboard procedures designed_to.
increase the effective life of equipment .or
forewarn of .impending troubles. Correctlve
maintenance includes procedures designed to
analyze and correct material defects and |,
troubles. The main objectlve of shipboard pre-
ventlv? maintenance is the prevention of Break-
down,! deterioration, and malfunction of equip-
ment. If, however, this objective is not reached,

f pendant—"the alternative objective of repairing or replaging

failed equipment - ¢torrective maintenance— must
be accomplxshed

Shipboard preventive maintenance programs
in the past have varied from one command to
another, resulting in various degrees of opera-,
tiondl readiness. The 3-M system, a uniform
system of schedulmg, recdrding, reporting, and
managing all maintenance, is nnir in use, .

The system is not to be considered a “cureall”
for all equipment and maintenance problems.
The, system does, however, envision a logical,”
efﬁment approach to these problems by launch-
ing’a forthright attack on electrical, mechanical,
a;)d other types of dlso}’ders The system also
produces a large-reservoir of knowledge about
equipment disord¢rs, which, when fed bagk to
the-appropriate sources, should result in correc-
tive steps to prevent recurrences.

The maintenance system, like any other sys-
tem or program, is only as good as the personnel
who make it work. Your role in the system as a
POl or CPO will mclude the training of lower
rated .personnel in its ‘use, as well as the
scheduling and supervision of majntenance. As a
leading petty officer, you must keep abreast of
new developments and changes to the mainte-
nance system

A )
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—~  Visual landing aids (VLA) used to aid pilots
while _operating aboard carriers include. deck
markings, lights, lighting controls, a closed-
crcuit television system incorporating a video
tape recorder to record and play back landing
information, _and other optical devices whijch
improve operational safety on the flight deck,
particularly during take-off, approach, and land-
fitg of aircraft. ’ L .
The wintroduction of the optical landing s¥s-
tem to carrier aviatiop in 1955 offered the most
radital change in decades in flight operations, in .
that 1t provided consis'ten_t, standardized, and
optimum carrier approaches. This capability,
along with the angled deck, made it ideally
suited to the increasing demands of new, high
performance . aircraft. Coupled with the flight
deck lighting system, the optical'glidé indicators
added appreciably to the safety of air operations
around the clock from a carrier. The first type
of optical landing system developed was the
- Mirror Deck Landing Sight (MDLS). After many
. years-pf-operations it proved itseif by the steady
-decline in landing accidents. The fnirror had the
disadvantage_ofs being large an cumbérsome;
and when set upwior some types of aircraft, it
presented a hazard.because it was elevated high
above the flight deck level. “Also, to make
changes 1n, settings fot different types of aircraft
a man had-to make these changes at, the
mstallation 1tself. This was extrefely hazardous

A v

with the portable mirror installed on the star- |
-y  board side of the dgck.” * | - ‘.
- After- test an the Fregnel Lens

d evaluation,
Optical Landing /gysfem_ (FLOLS) wps devel-
oped. As will by seen, its basic functibn fs the
same as the mifror, but it does not have to be
“elevated for/ different type aircraft. Therefore,
_ no obstrpcton to aircraft 1s presepted. Norm-
ally, alt”settings on the Fresnel lens are made.
tely. This lends itself tp greater flight deck

fo
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safety” for personnel responsible for the opera- .
tion of the Fresnel lens. -

Both of these units,. the mirror and the
Fresnel lens, are stabilized to compensate for
ship’s pitch and thé vertical component of its

_ roll. These units would beuseless if the ship was

moving about due to rough seas. For this reason,
the: Manual Meatball or manually operated
Visugl Landing Aid System- (MOVLAS) was
intrqduced. As the name implies, this unit is
operated manually by the landing signal officer
ALSQ). It alerts the pilot to-a high“or low
approach condition py the position of a meat- '
'3 relation to a row ‘of horizontal datum
lighté.the same as the MDLS and FLOLS. The
can be installed quickly with very little

" déjay in landing operations. These ‘units, along’

-,
e

with the, Pilot Landing Aid Telévision (PLAT)
ystem, are discussed in detail in this chapter. *

> o
P

FRESNEL LENS

OPERATING PRINCIPLES e
Thé Fresnel systems an eléctro-optical land-
ing system for use on aircraf carriers. By use of -
the Fresnel system, a pilot whose aircraft is
approaching a carrier may visually establish and
maintain the proper glide slope angle for land-

ng. » -

All of tHe Fresnel unifSare portside, perma-
nent installations. The Fresnel system provides a
horizontal bar of light that appears’in the deck

_edge asseribly. The position of this bar of light,

-

" with respect®to a set of fixed horizorital datum,
" lights, indicates to the pilot of an approaching

aircraft whether-he is_above, below, or on the ’
correct glide slope.gThe bar of light is formed by
the combined actions of source, lights;” Fresnel
lenses, and,’ lenticular " lenses. Because of the
optical system, tge bar of light appears above.

,'). 1?';:14
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the horizontal datum llghts 1f\-‘the glide slope
angle is too great, and below the horizontal
" datum lights if the glide slope is too small. When
the pilot alines the bar of light with the
horizontal datum lights, his approach is correct
for a carrier landing.

Different types of, aircraft have different
* sftuctural charactenstlcs and capabilitiés; there:
fore,” different glide slope angles should be
¢stablished. However,™as a matter of, pfactice,

', the basic angle settings of 3.5 and 4.0,are most

»

.. -having dlfferent_hook-to-eye -H{E values, -the- )

RS
o

commonly used. These seftings represent ;h‘e
basic angles that are considered to_be acceptable

- in most recovery operations. For more mforma- o

tion conceming the exact recommended basxc
angle settings for th> recovery of each of the
. different types of aircraft, always refer to the
appllcable recovery bulletin.

Although the basic angle setting is seldom

changed for different types of aircraft, the rolt

angle is changed The roll angle’ compares to the
height corrections made with the mirror. The
reason for it being called a roll’ angle in the
Fresnel lens is because the, height of the Fresnel
unit never changes. To compensate for aircraft

Fresnel unit is rotafed about its roll axis. -

/

7

from this control panel'ahtil'@ll the hghts can be .
tumed on from thiS statibn, their brightness

controlled, and the basic and roll 4ngle set into

the indicator .assembly. Figure' 7-1 -shows the
“"general arrangement of Fresnel lens components.*
Located below the flight deck in-the FLOLS

room is -the main power, panel and remote :

" control panel 2. The power panel is the. central .

power and signal distribution station for ‘the _
.[Fresnel system. Rémiote control panel 2°is

ocated adjacent to the power panel, and it can
also be ysed to mgke all the settings and.
adjustmentsz at remote control panel 1 makes.
Remote control panel 2 is used only in. an
emergency. If remote panel 1 suffers battle .
damage, it can be 1solated and then all settirigs
and ‘adj stments would e made from remote,

ocked-in the OFF position
the LSO platform, therefare two indicator
panéls. These panels inform the LSO of the basic
and roll .angle®set, into the unit, hook-to-ramp

.

A3

"(HR) clearance, hook-to-eye-setting, and-the
" & brightness oY the source, -low cell and datum

hghfs . . -

— e by e

1Y

The roll an M? that is selected is not altered as” - DECK EDCE UNIT

.a result of thestabilization signals received from
the ship’s stable elément. Once the basic and roll
angles are selected, they are maintained régard-
. less of the pitch and roll of the carrier in respect
“to the true Horizontal, in the line mode of
operation The indicator assembly maintains the

The lens umt located at the deck edge consxsts
of a lens box approximately 22 3/4 inches wide
and 4 feet high. The lens box is made up of five
individual cell assemblies. A vertical colymn of
four red waveoff Jights is lecated on each side

selected basic angle in accordance with stabiliza- « aboyt 3 feet away from the"lens box. (See fig.,

tion .signals received’ from the ship’s stable

* element Theé relatlonshxp of the stabjlized light

plane to the hofizontal plane™of the deck is
altered, so that the hook.touchdown point is
withir the cross-deck pendant pattern, while
" maintaining a safe hook clearance above the
stern ramp on approach. 4 '

The basic differerices between the Fresnel lens ,
system and the mirror is that, changes to the”
settings’ are normally made remotely in the
. Fresnel system and the mirror, is a reﬂectlon
system while thé Fresnel lens s a *projection
" system Al settings can be made remotely from _
either one of two stations. Remote control panel
T i IOCated in primary fly. This i§ where all

settmgs are normally made. The unit is enbrglzed daturh lights, (See ﬁg. 7-2 ).

180.

7-1.) .
Twelve green datum lights, six on each.snde,

.arg- mounted in line with the horizontal

cenferline of the lens box. Four'green ‘“cut”
, lights appear near the top of the display, two on
" each side, arranged horizoritally between the top

.+ waveoff lights and"the lens box.

A yellow bar of light is displayed over the full
- vidth of thé lens box. The lens box may be

cons;dered a window through which the pilot .

views the bar of hght
though it -were located’ appnoxxmately 150 feet”
beyond the window. When viewed from any-
.where on the_préscribed, glide slope, this bar ‘of.’
light (meatball) will appear in.line with the.gxeen

- ¢ - s
. ~
P

.{.v’i;"~

The bar of light appears as .
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« 1. Powerpanel. "
) . + 2 Line stabilization panel assembly.
. 3 ‘Low cell flasher assambly. .

- - 4. Source light failure indjcator asiembdy.

. "7 ,. =~ B Transformerendosure.

. -

.9. H/R remo%s ponais 1 and 2. . .

10.. Deckedge awprnllly. ~ " . _ - T ¢
. 11 Junction boxt assemivly. - ’

12, Pickie wwitoh. .- .

. o

" 13 L8O pendl. / L '.‘.

. ", 6. Disconnectand monfor assamibly. ° 14. Wovsefi meniter. .« -, -
R 7, Coitrol box assembly; | - 15. LSO W/R moniver. @ - . . o
o, < - 8 - Remote control pénel'assemblies 1 and«@” 16. Alermbelt, oo
‘ ‘" \ [ : . X H T ) ’ « 0‘
. v L, . N . o= .. «
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... *. ™ Figure 7-1:—Geperal airangement of FLOLS sompenents. . , 4.
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GLIDE SLOPE ANGLE——~
. -

." o “ 4

CENTER GELL ASSEMBLY"

£l

HOOK PATH

L CINE PARALLEL TO _
. /_ EARTH'S SURFACE

/—-’Fuenr DECK

¥

Flgure 7-2.— Prmclple of gltde slope angle

- Y SN .
The bar of light will rise above the datum

lxghts as the pilot risés above the glide slope,. )

eventually sliding off the Top of the lens .box

" when the pilot is mare than thrée-fqurths of a
degree above the glide slope. The same holds

true as the pilot drops below the gllde slopé. The
meatball will drop below the datum lights .and

“finally slide ‘off the bottom of the lens box.

Therefore, when the meatball is high, i.e., dbove

_ “the- datum lights, the pilot ‘is above the glide

" _slope, and when it 1s low, the pilot is below the,
“glide slope, In éither case; the object is to line up
‘the meatball with datum lights. Because flying
below the proper glide slope sets up a hazardous
condition, the bottom cell in the indicator
assembly has a red lens mstall'ed Whenever the.
pilot can see a red bar of”hght he 1mmed1ately
knows he is fow.

Referring to-figure 7-3, tke lens box (B) itself
(indicator assembly) is, capable of.being tilfed
abotit two_axés at right angles to one another

- roll axes of*the carrier.

The tilt in pitch determmes the_glide slope

_angle to’ be, flown. This is knowan as the basic

angle setting of the lens unit. The tilt in roll

causes .the gl‘(de slope “at the center}me of ;the

. . "’ AB.417

~.l\
-

‘landm‘g srea to be raisedror Jowered. This<is

"possible_because. the. center_of the bar of light
from the indicator assembly, is,shining para!lel to *
the centerline of the lariding area. (See fig. 7-4.) .

Rolling the indicator assembly makes it pos-

“sible to aecommodate the hook-to-eye values

TH/E) of the various aircraft models without
having to “elevate the indicatQr assembly. (See

" fig,-7-2 for H/E distance.) This is known .as the .

" 1611 angle mdlcator setting of the lens unit.

. The prescnbed glide slope is defined as the .

olide slope dictated. by the lens ynit when
viewed from the verticgh-plane -of ‘the landmg

. afea centerline., This means that to'be an the
. prescribed glide slope, THE PILOT MUST BE

.

" - 'These axes correspond roughly to the pitch and _

and a stacking framgf Each celt containg three . .
. source, lamps with associated lenses to préwge a
tor

LINED UP WITH THE LANDING AREA -

CENTERLINE while maintaining the meatball
in line ‘wih the datum lights. sOnce agam, the

Fresnel fens unit does not line the pilot up with”
. the centerline. If he is to either, side- of the.

oenter of-the landing ayea, he, will be flying a
ghde slope parallel to bt much hlgher or lower
than that prescribed by fhe lens settings.

The Jindicator assenjbly .consists of five 'cells

bar of hght at the _front of the
o ‘ Y

- ‘-.i ‘.‘J'i’ﬁ’?

- e B .

¥ .
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. Outboard fi xed datum lj@hts
2 Outboard conditional datum lights.
. 3 Outboard waveoff lights * -
- ’4 "Outboard guxiliary & waveoff lights.
. "5 Outboard cutlights. = *7;
6_Pitcl power drive.assembly.
. 1 Roll power driva assembly. -

. 8. Source light indicator assembly (lens box)s *’

9, Inboard cut lights.

”

assembly. Each cell is prov1ded thh a ﬁeatmg
system to maintain a con$tant temperatw;e for
,the: Fresnel lens.’
There are .two ttgpes of lenses used m the
-optical ; portien ©
, Fresnel lers and the lenticular Tens. The Fresnel
lens 1 composed of a. Jlightweight and relatxveiy
thin, sheet. of trinsparent. Lucite. The Fresnel
lens differs i in configutatiop from a planoconvex
as shown in figure 75. - M
One surface of the FreSnel lens consists of a
number of stepped facets. ‘These facets ars
circular (similar to a .phonograph recdrd), con-
, [+ centric grooves, that extend from the cénter of

the Fresnel system-—the .

0.1 1213

10 Waveoff mdumor - "'
= 11, {nbeard auxiliary waveoff hghts
¢ .12. Inboard waveaff lights. L

13. Inboard conditional datumlxghts

14. Inboard fixed datum lights.  ~ . ,

, 15. Indicator junction box. . o

<" 18. Auxiliary waveoff junction boX. *

17. Inboard junction box. .

18. Stowlock assambly. :
19. O%ard jupction box. . c

%

the lens to the edges The sfope Qf each facet is
independent of. the slope of all the other facets.

These slopes.* are designed to'provide a perfect
focus of the light rays which pass through the
JJens. “This provides an advantdge over a convex
spherical lens as sfiown in figure 5. :

A convex- spherical lens has spherical abera- * -
Jton. "When the rays of light parallel to thew

pnncxpal axis of a convex spherical leps pass

through zongs near, the edge, the prmclpal‘focus _

" octurs af 2 'point which is closer to the’lens than

Ao

183

the focus for rays which pdss through the lens
niear the principal axis. Therefore; the light rays *
froma convex sphencal lens tend to scatte,r '

.
.
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]
x
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The Frgsnel lens’can also be formed around a
suitable radius toYminimize ast1gmat1sm Astrg-,
‘matism of a lens is the inability of the lens to

bring all- of the light rays Trom a point on an '
-, object to a sharp focus at the i image.

Q?\j Flgure 7-4. —Charactensucs &f stabmzed llmt plane - e

”
.

'lens colored red in
feature to indicate io a pilot that he is below the

A lenticular lens js placed in front of the

Fresne] lens. It is sometimes referred to as a
* spreader lens. Even though the lenticular lens is
molded in one ‘piece, it- consists of several long,
convex, cylindrical lenses placed side by side as.

shown in figure 7-6. Each individual fens has the .

same short fécal length. The viewing,area of the
object is spread by the short focal length of the

" lenticular lens. The object onsists of’a mult1ple )

lrght source with spacing between the lights, as

in the Fresnel lens landing’ system_(three sourge

- lamps in a cell) but the object appears to an

Observér lodkmg irito the lens as a continuous

" band of ljght which fills the width of the lens.
The object apprears as a continyous band of hght
" regardless of the observer’s position in the
‘azimuthal range Of view of the lent1cular lens.
The azimuth4] range of the lenticular lens used
in the Fresnel system is'40°, The appearance of
the height of the object is not affected by the
lenttcnlar lens. -

The lenficular lens in each cell assembly is
colored avratron yellow during manafacture to

. .. AB418’

E-'
t -

eliminate the need for a color ﬁlter The bottom -

cell, as mentroned previpusly, has -a lenticular, -
manufacture as-a safety

proper glide slope Als6, the sunglare’ from the -

lenticular lens is reduced due to its shape. If a_ .

smooth ﬁlter ‘were used to cover the’ Frésnel

lens the sun’s reflection might obliterate the .

- imdge. -

The mdrcatox; assembly contams 15 source
lamps, the Fresnel and lenticular lenses,.ind a
_heating system. The mtenor of the eells is
" painted black to reducemtemal reflections from

.the source lam’ps. e .
The 115 sourcé lamps are contained in ﬁve
separate ls, each cell contammg three source .

#

4

lamps arranged horizonfally. The ceils' are .
stacked vertically to provide a light source which .

is three Jamps wide and.five lamps lrigh. The top-

four lamps are wired in three, vertical series

strings. As the lamps age, there'is d tendendy. for,

..adjacent coils of the filaments to shgrt together. .

The net result is that the lamps 3 together, As,
the lamps age, the inner surface 0 ‘the enve ope
blackens, and the light output 1s greatly reduced.

ks
-

{

—y

.

If one lamp fails during opé’ratron, the top 'four v
»-damps if that vertical series will go out, but ng ..

apprecrable effect is notxceable on the bars of

»

4]
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‘indicate source light failure.

v

narrow bar of llght 12 mches across e front ot‘ .

the cell assembly.

. The optical charactenstlcs of the FEresnel
lenses will Vary appreciably with a change ‘in
temperature.

To maintain® design charactenstxcs of the .

Fresnel lenses, lens-heating compartments are
mamtame'ﬁ‘atTr‘eIatrvely constant temperature
The Fresnel lenses are each enclosed in a.
separate compartment with the lenticular lens as
the front and opt1cal glass as the back of the

_ébmpartment Hot air.is circulated in the com-’

partment under therméstatic control. .

A source “light failure indicator is used to
The indicator is
located in the FLOLS room. In the event of an |
open lamp filament, a loss of current, to a
sensing circuit causes ‘the failure indication lamp
‘to light.

.
PR
P4

REMOTE CONTROL PANELS

Two remote control panels are mcluded in the
Fresnei system. -Because the: operation .of the”

two panels is identical with the gxception of the
low cell “steady/flash’ mode witch and the
interlock :block -for the rémote \panel sélector

switch located on remote control\panel 2,.orily .

" the dperation of remote. control panel  located

40 DEGREES

in pri fly is discussed, (See fig. 7-1 ) -
+  When remote control pangl 1.is in use, the

. Témote partel selector switch j'in position.1.
The ' datum, cut, and" waveoff lights- clutch, .
source light lcluteh and low éell clutch (all slip,’

“clutches) are mechanitally engaged. When the
* circuit breakersein the power pahel assembly are
closed current js applied through fuses to the
" panel ﬂlummatrQn transformer,adatum cut, and

. waveoff brightnéss synchro, low cell brightness

AB. 429-‘

hght formed by the lenses. Theé bottom cell (low
eell) has its three Jamps connected in parallel.

".,L

The arrangement of the lenses With respect to

ﬁ the source lamps and the pliysical properties of
the. lenses cause the source lamps to appear asa

synchro, and the source'light brightness synchro

The cell temp, unit ON,source light, waveoff‘;_ ,
t, and datum light indicators on the, -

light, cut }j
remote trol panel will light only if the

corresponding switches are~actuated. The cell
teinp, indieator-will light ofily after the cells in.

. the indicator assginbly have reached the’ proper
»operatmg temperature..
The light mtensxty dial indicators on the -

remote control panel are calibrated dials which

are connec‘ted to the’rotor shaft - f the datum, '
4 cut, and waveoff bng.htness synchro, low cell -

-

+
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bnghtness synchro, and source light bnghtness A

synchro, respectlvely The datum, cut, and
waveoff intensity dial, low cell intensity dlal
and the source light inte 1l}mt'y~on the LSO panel
and remote control panél 2 track the movement
of the datum, cut, and waveoff bnghtness
control, low cell brightness control, and source”

1.

When the unit ON pushbuttori on rerhote

control ‘panel 1.is pressed and relgased, a relay in
the power panel assembly is energized. A current
th is completed to light the unit ON indicator.
ontacts in the power panel assembly close, and,
current is applied to other circuits in the Fresnel
system. With these contacts energlzed,tthe stabil-
-ization circuits, begin to operate, a}nd the source
lights, datum lights, waveoff lights, 'and cut
lights can be operated. The waveoff light ON
push switch and, cut light ON push switch are
momentary switches. When the source light ON
push switch and,the datum light ON push switch
are set to position ON and released, latch relays.
are energized. The waveoff llght ON.push switch
, and the cut llght ‘ON_switch musM’)e held in
position QN to keep the waveoff and the cut
.- light relays energized.
Control .of the- Fresnel system may be
switched to Temote control panel & by setting
. the remote panel selector’ switch dn remote
control panel 1 to position 2. This permits
* remote control panel 2 fo be used for all .the
functlons “described above ‘except for- remote
"+ control.'panei selection. This can be performed
at remote, control panel 2 by removmg the
_ interlock block. Another functlon of remote
control panel 2 is to switch the low cell mode of
~operation to either steady or flash. .
When remote control panel 1 is in pos{tion 1,
the roll angle lever switch and the basif angle,
control are ‘energized. When this" léver switch is
held in position INCREASE and “Push|to Set
R/A™ is pressed, the roll drive motor is o erated
and producCes a torque M‘uch increases the.roll
angle readings. As soon a$ the roll angle “dial
reaches the requlred setting, , the lever switch is
released. A spring retyms the $w1tch to position
OFF, and the roll drive motor is stopped. There
is a small amount of qvershoot which can be
" anticipated with a little practice.. Ho]dmg the
lever sthch in pc/)smon DECREASE feverses the

,-

light brightness control of remote. control panel |

_ - T e "’*’“""—-—‘AL‘A“v‘VT/#")
roll drive motor directiorf. The roll angle dial is oy
calibrated ‘from 0 units/to 15 units. ‘When the Y

dial reads 7 1/2 units, ¥ % indicator assembly i is”
perfectly vertical, The dlals in both remote
control panel 2 and the LSO panel track the djal
of remote control panel 1 giving remote readr
mgs )» ‘

All changes to the basxc angie arg made;from .

the remote control panel in’ operatlon and "the -
dial at the LSO panel and the other remote .
control panel track the dial in operation. )

H/R REMOTE CONTROL PANEL
Even thotugh this is a separate contral panel
from the’ remote control panels previously men--

tioned, it is located alongstde remofe control
panel 1 and remote control panel 2, and for all
general purposes Wt is a part of that statlon.
‘Because the operation of the two H/R remote
congrol panels is identical, only thedperation of
H/R remote control panel 1 Is.discugsed. H/R
remote <control panel 1 is ‘in use when the
regjote pane] selector’sthch on remote control
panel,] istin’position 1.. .
AllRaircraft’ havé a specific hook-foseye va]ue
(H/E) This'js the vertical distance from the path
- of thelpilot’s line of sight to the path of the
tailhook., (See fig.' 7-2.) T compensate for this
HJ/E fa tor, the H/R remote. control panels are -
used tohipdicate clearance of tailhooks from the -
dftend (raxﬂp the carrier. ' o

LSO PANEL Y
. The LSO panef supphes a vxsual mdlcatlon of/ /
) $ystem status to the landing signal’ officer ..

" Operation of the waveoff lights d the cut hghts e
and control of the brightness df source, datum, ;o
waveoff, lgw cell, and cut hghts tan. be per- /
formed, from the LSO panel. The indicators on

; the LSO panel indicate the positions of the
corresponding controls and switches on th
renrote ‘control panel which is in use .

‘When the, unit ON pushbutton gon the remo
control panel in use is, pressed and. releasgd,

€

circuit is completed to the unit ON xndlcat r.
When the lens temperature in the. mdlcator
assembly at the deck edge reaches a presgt letrel
a set of contacts closes and provides a current
path which lights the system GO on the LSO,
: panel i . ..

. ey o :
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When the waveoff lrght momentary sw1tch on
tﬁe remote control pahel in use, the pushbutton
on the LSO panel, ,or the 'hand held pickle
switch is pressed and’ 'held, a relay in the power
panel assembly is energrzed a_set of contacts,
closes, the waveoff light ON mdlcator on the
. LSO panel lights, and the’ waveoff lights flash.

" When the cut hght momentary switch on the

remote control panel in use the pushbutton’ on

the LSO panel, or on “the hand held pickle

switch is. pressed and “held, "the cut fight ON *

“indicator on the LSO; ‘panel and the cut lights
“ come on. (See fig. 7 7@)

/

/
/

. * AB.421
"Figure' ,7-7.-:-Pickle switch. ‘
. o
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. POWER PANEL ASSEMBLY

L

The power panel assembly (fig. 7-1) is located ’
below the flight’deck in a compartment in the
vicinity of the deck edge unit., It is commonly
referred to as. the FLOLS roo ~'ﬁ’he power-

panel COmes under 'the cogmzance of the IC
electricians in the V-2 division.

The A100 power panel assemb]y is the central
power and signal distribution station for the
Fresnel system. It contains the circuit breaker
and fuse assemblies for all the components; the
light comtrol assemblies for sczilsrce atum, cut,
and waveoff hghts, the controls that cause the
waveogt" lights to flash, the- computer assentbly
for .point. stabrhzatlon,, the dimmer synchro
ly, and the hook t9 ramp mon1tor as

“e
A Y
1-.

MANUALLY OPERATED VISUAL -
LANDING AID (MOVLAS)

The manually operated visual landrng ’4d

" system (MOVLAS) is an emergency signgling

system intended to be used when the primary
optical lahding system is rendered ineffective. As
a substifute for the Fresnel lens optical landing
system, it provides two basic visual displays.

"The first of these displays is the source light
image or “meatball” seen by the pilot when
makmg an approach with the lens system. The .
sécond display, “‘datum,” consists of -reference
lights, cut lights, and waveoff lights. .

The meatball display is provided by - three
principal items of equipment—the light box
viswal display unit, a power control box, and the
LSO controller, which controls the movement of
the meatball picture up and down the face of
the light box.’

"The datum’ display is provided by four princi-
pal items of équipment—two datum box visual

.drsplay ‘units, a datum control box and a

transformer box. .
The equipment is designed so that the meat-
ball display elements (light box assembly) may .

N

" be used in conjunction with an existing lens

unit, or the entire system may- be used com-

. pletely independent of Fresnel lens at e1t}}er the .

port or starboard installation fixtures. Figure 7-8

. illustrates an independent manually operated

visual landing aid system (port installation).
* NOTE: MANUALLY OPERATED VISUAL
LANDING AID SERVICE CHANGE #9 (appli-

_ table to MOVLAS Mark 1 Mod 1 shipboard

system) provides the technical information to
. x é . (R4 ’
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" Figure J{B.FMQI{L:IalIy operated visual landing aid syst'pm (port ingtallation).

.
hd T

'awompllsh the addmon of a stal’board installa-
tion. The reason for this change is to increase
the operatmg effectiveness of the MOVLAS by
adding the starboard installation, thus provxdmg
PORT or STBD operating capabﬁmes

"The system. contains the light- box, LSO

controller, datum- box assemblies, and'power
control baxes, together with adequate mounting
facilities. The principal unit of the system js the
light box. The light box is designed to prese\nt
landing glide slope information to the pilot of an
approaching aircraft in the same v1sual form
presented by the FLOLS unit. The second unit

of the system is the LSO controller, psed to, .

adjust the’ presenfation of the light box. The
LSO controller functions when a control handle

- . ~ " a

s

is positioned by the landing 51gna1 ofﬁcer Power
to operate the system is regulated By the power

" control box. The selection for use of the port or
_stbd MOVLAS installation is accomphshed by

the dual connector box, ‘which is bulkhead -
mounted at ‘the landmg signal officer contxol
area. >
NOTE. It is mandatory that the location of
this box be in an area that is readily viewed by
the LSO and accessible to the insfallation crews.
There are two MOVLAS systems -the Mark 1

* Mod 2, designed for shipboard use, and the Mark

2 Mod 1, designed for land-based operation.

en the system is needed, it takes only a
few minutes fo install the components and have
it in operation. Mounting and power receptacles
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" should be prev1ously i’nstalled A good feature of

the sys‘tem is its:light weight. The two compo-
nents that have to.be handled and installed when

» the primary optical landing system fails is the
* light box, which- weigh§ only 46 pounds, and
the LSO controller which weighs 25 pounds.

. The light box can be mounted in front of the
indicator assembly of the Fresnel lens system,
directly into a receptacle prov1ded The hght
box is shown in figure 7-9.

"The front of.the light box contains a pa1r of
'perforated doors which mdy "be latched in either
a closed “position in front or an. open position
agamst the sides of the .box. When the doors are
closed, the light oﬂtput from the unit is reduced
to approximately 3.5 percent of the light inten-
sity - obtained with the doors open. This effec-
tively doubles the range of light intensity con-
trol available from the ‘power control box. A
large adjustable range is necessary for-satisfac-
tory performance over the extremes of night and

. day operations. The front plate of the light box

contains 23 lamps, individwally mounted in
position. by separate retaining rings. Electrical
power and control are supplled to the light box-
through a multiple pin type connector, located
at the rear-of the unit. The light box.may’ be
quickly disconnected, dismounted, and stowed
to perm1t normal lant dm"g operatlons
The LSO controller consists of an aliminum
casting, housing a series of 23 switches cam
operated through individual actuators, a support
-tube, and a control handle., It installs-into the
deck at the LSO platform (shipboard) by insert- *
ing the mounting tube into a receptacle which’
has been welded.into the deck.sA series of holes
in the support tube allows the unit to be pinned
at various heights to suit the operator. The unit
is free to rotate through 360° in the deck fitting,
allowing the LSO to move about while holding
the control handle. The control handle itself has
25° of vertical travel in controlling the full range
. of light posmqns on the light box. This handle is
terminated in an adapter which attaches to thef..,
pickle switch. ‘ )

The LSO controller is de51gned to be removed :.

and stowed when not in use. The electnca};
gonnections to the unit are made by means ofa
multiple pin type connector located on the .°
bottom .of the housing. A second_connector is
also located on the connector plate of the unit. -

0
l ‘
<
% .

LIGHTING
SEQUENCE

.

()
20

L {A)

00000ABBOOE

000000ERBAER|

DOORS CLOSED ~ REAR VIEW

DO%S OPEN

Figure 7-9.—Light box.

This connector provides an alternate path for |
the pickle ‘switch wiring. This wiring is for use
with the portable datum light unit. This is a
complete unit in itself and'is not dependent on
the lights supplied with the Fresnel lens unit.

A switch is located on the connector plate to
allow the LSO to change the made of operation.
This switch, when thrown, shuts off power to
the bottom three lights on the'light box. This
means that when the LSO has the handle all the

“% way, down, there will be no light indication to

the «pilot dpproaching. It also means that when
_the LSO leaves the unit unattended and the
handle at the bottom, there is no chance of an

* errongous presentation being presented to a

pllot app'roachmg an unattended unit. (Sé¢ flg
7-10 ) ) . .

1
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Figure 7-10.—LSO0 controller.

i

<

A ball and detent arrangement is provided on
the contrdller handle so that the LSO can
readily identify the ROGER MEATBALL posis
tion. A thumbscrew adjistment op the ball
allows the LSO to set the feel of the control
hanc les’as desired. .

POWER CONTROL BOX

The power contro1 box is normally mounted
on a bulkhead in’ the_lens control room. The
front cover serves as the mounting for the .light
mtensnty gontrol adjustment dial, two yoked
circuit brekers and a power indicator light. The
front coveris a door, hinged to allow easy access
to internal components. (See fig. 7-11.) This is
the unit that supplies controlled power to the

" LSO controller and the light box.

¢

. FUNCTIONAL OPERATION

!

- The visual* display element of the system is
the light box, containing 23 lamps arranged i in
two rows. The light box is mountéd directly in
front of the Fresnel lens face, and substitutes for
a normal “meatball” presentation.-The light box
replaces ‘the lens unit of the Fresnel lens optical

- landing system. ) .

In operation, only three adjacent lamps in the
light box are normally tumed on at any one
time.” Individual lamps cannot be distinguished
in the light box at a distance of 100 or mere .
feet; therefore, the pilot sees'a single ball of-
hght Each lamp is lighted by a separate,
cam-operated switch in the LSO controller. The
existing datum, waveoff, and cut lights continue

o be used, for the system as they were for the )
Fresnel system a

"The pilot continues to fly the “meatball ”
The difference is that the position of the
meatball with relation to the datum lights is.
controlled dlrectly by the LSO. If the approach-
ing aircraft is high, the LSO must give the pilot
the indication by manually moving the control-
ler lever up. As soon as the pilot corrects this -
high’ altitudes and the LSO thinks the pilot is on
a proper glide slope, he then gives a ROGER
indication by moving the controller lever down
to the . midpoint position, lining the lights -
(meatball) with the datum lights and therefore
giving the approachmg ‘pilot a ROGER mdlca-
tion. N

In actual practige, a slight overlap of sw1tch
positions exists, so-that a fourth lamp is turned
on for a small period of time before ‘the
corfespondmg lamp at the other end of the
cluster is shut off. The results of a typical
switching sequence is shown in figure 79.

The bottom lanips in the light box are red to
quickly alert the pilot of a dangerously low.
approach.

Operafion of th& circuit breaker sthch on the
power contfol box provides ship’s power to the
preheat. transformer and the intensity. control..
The preheat transformer is always supplying

‘some voltige to .all of the lamps. The voltage 1s

not enough to visibly light the lamps but 1t does
keep the lamps warm. 'I'hen as the LSO moves

" the controller lever, the lamps (by being warm),

light immediately.”

~~re
M
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_ Figure 7-11.—Pov;er control box.

The arms of the switches, are connected
through the power control box to the individual
lamps in the light box. The position of the
control handle determines which lamps have full

voltage applied to them. Therefore, under the

conditions described above, every lamp in the
light box has power applied to it contiftuously;
either preheat voltage, or full lamp volt ge.
Normally, three lamps- have full lamp voltage
and the remaining 20, are in the preheat condi-
tlon ’
The equlpment includes provisions for contm-
suously adjustmg the intensity of the presenta-
tion at the power control box. A switch on the

connector plate of the LSO controller allows the

LSO to change the mode of operation.-When the
switch is in, one posmon, the system operates as
described above When the.switch position is
reversed, the three bottom lamps on.the light

.SETUP INSTRUCT IONS

bottom lamps are re.moved from the Cll‘clllt and
when the LSO controller handle is moved to its
extreme down position,- the meatball appears to
move towdrd the bottom of the light box and
then - disappear completely, The described
change in the mode of"operation results in the
pilot apparently seeing the meatball go off the

.bottom of the lens. The change in.the mode of

operation may also be used by.the LSO to leave
the system unattended and be assured that no
erroneous presentation is being presented ¥ an
approaching aircraft by‘I he light box. A detent
position is reached just before the control
handle moves into this’ “off thebottom’ posi-
tion, waming the LSO that he 1s about to
present this condmon

-

Under normal operating conditions, the light
box and the LSO controller will be stowed in
the lens control .room. To use the manual
operated visual landing aid, it is only necess?z
to mount and connect the power cables to the
upits after ascertaining which installation is to
be used (port or starboard).

“If it is to be used in front of the Fresnel lens- ,

system, mount the umt according to the follow-
ing steps:

1. Remove the llght box from its stowed
Jocation and mount it immediately in front of
the Fresnel lens by inserting the end:of the
support tube into the deck receptacle.

. Check that the light box has séated all the’
way into the deck mounting receptacle, and that
the slotted end of the support tube has located

.the detk receptacle pin so that the light box will

not rotate.

3 .Remove the connector 96‘ from the
connectors on the rear’ of the light box and
connect the power "cable to the llght box.

4, For daylight operations, the doors on the*
lrght box are latched in the qpen posmon

5. If the light box is mounted infront of the
Fresnel gystem, its height lvill be ®rrect so that
the datum arms of the Fresnel system are at the
center of the llght box.

6. Install the tiedown cable on the rear of the

‘llght box.

WARNING: Failure to secure a tiedown to

box are removed from the circuit. When the..__this unit may allow jt to come out of the mount
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durmg operatrons with resulting loss, damage,

¢

and/or possible i mjury to personnel.

If the MOVLAS is to be used as an independ-
ent unit, mount the umt accordmg to the
following steps at either the port or starboard
. installation:s )

1. Remove the ligﬁt box from its stowed
location and install it in the base assembly. The
light box must be secured by use of the tiedown,
eyebolts on the rear of the light box.

2. Install the datum boxes on the support
tubes in the basg assembly.

3 Secure the datum boxes w1th the four
auxiliary tiedown cables to the ‘flight deck
padeyes (two fwd, two aft).

4, Secure the forward eyebolt on the base
assembly to a forward padeye, and the aft base
Veyebolt to an aft flight deck padeye. (Starboard
installation only, see fig. 7-12.)

. 5. Remove the connegtor caps from the
connectors on the rear the light box and
datum boxes and connect the appropriate power

cables.
6. For dayllght operanons, the.doors on the

light box are latched in the open position. .

To mount t LSO controller, the followmg
steps are followe

1. Remove the LSO controller from ‘its
stowed location and'mount it in the LSO area
- by inserting the end of the support tube into the
deck recéptacle.
« 2. Adjust the unit to the proper height by
inserting the adjustment pin in the appropriate
holes of the supporting tube. .

3: Remove- the connector caps and connect
the power cable to the controller.

‘4. Mount the LSO’s pickle switch on the LSO
controller handle adapter. Slip the notch in the
finger guard over the .adapter and insert the

retainer pin.
The system requmes no warmpip time, and

may be checked and operated immediately after
turning on the power.

WARNING: Before operating this system,
verify that thé source lights for the Fresnel lens
system have been turned OFF. Failure to do this
* may result in the presentation of conflicting
double image glide slope information, resulting
in aircraft damage or the loss of a pilot’s life. .

Tum the system on by throwing the circiit
breaker switch on the power control box to ON.
Check that the power light illuminates.

)

_ERIC

AdJUStQ light mtensrty control knob ofi the
power control panel as ‘instructed by the 1.50 to
obtain the desired brightness segtink. It may be
necessary to open or closethe perforated doors-
on the light box to obtain a satlsfactory setting,

At the LSO platform, slowly move the con- -
trol lever on the LSO cont;oller over its ex-

. tremes of travel while observing the light box.

Move the control lever to the center or detent

position and verify that the meatball lines up . ..

with the datum arms. Move the control lever
through the bottom detent position and verify )
that the mode is as desired. Adjust the control
lever handle friction 1 setting as desired. )

To secure thé “system, throw the circuit
breaker.switch on the power control box to the

'OFF position. If shutdown is other than mo-

mentary, close and latch the doors to prevent
damage to the lights in the light box. If the

" system is to be stowed, reverse. the steps for

setting up-the unit. . .
PILOT LANDING AID TELEVISION
(PLAT) SYSTEM

Experience with a-new closed-circuit televi-
sion system has shown that video tape recording
can be effectively: employed to increase the
safety of aircraft landing and improve both-pilot -
and landing control personnel proficiency. The
Pilot Landing Aid Television (PLAT) is a com-
pletely mtegrated system of electronic picture
and sound recording designed to monitor and
simultaneously record aircraft landing epera- °
tions from approach through final touchdown,
under day and night conditions, and to im-
mediately play back the recording for post-flight
analysis and evaluation.

The\PLAT syst&m, mtroduced as a landing aid
to pilots during carrier operations, consists of
four television cameras with associated power
supplies, monitoring, control synchromzatron,
and distribution equrpmen{, ‘and, a standard
:llrdeo tape televisior tape recorder (See fig.

13.)

Two unmanned centerline cameras (one regu:
lar, one emergency), stabilized to the ship’s
optical landing system, pick up -and follow
aircraft. through approach and landing. Aircraft
attitude and glide slope are displayed on picture
monitors in combination with the output of a

192
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special effects camera focused on a data board

carrying time, dage, wind wJOclty, and, aircraft

landing speed. After touchdown and, during .
recovery, the aircraft’is monitored by a fourth

(manned) camera on the ship’s island structure

as it passes over the centerline cameras and the

information is again dlsplayed with the' output

of the data board camera. The entire operatlon

is recorded on video tape at the same._time it is

monitored by the television cameras.,

\

-
r

Prior to the introduction of PLAT, carrier
landings and takeoffs were recorded on 16mm

* film. Processing of the film took a minimum of _
3 hours. The time lag between recording and’

presentation was an obvious drawback since the

film could not be used for immediate debriefing

of pilots. In addition, no permanent visual

record of approach speed and other data board”,

information was available. With the development
of the PLAT system, limitations of the standard

*
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gun camera were overcome. Yideo tape record-

mgs‘of landings, complete with minute-b
minute visuals of numerical data and audic o5
recordings of conversation between pilot and
carrier landing personnel, could be playeg. | back
within m:autesrof the actual operation.

130 knots on a pitching deck is a demandmg’

task for the pilots despite the improved an&}g ’

decks and optical landing system of mode

carriers. Installation of the PLAT system on -

_carniers has .fesulted .in fewer incorrect ap-
proaches quicker assrmllatron of landing tech-

mques by pilots, and provided mdlsputable
accidént mvestigation evidence. PLAT's value in

Landing a jet with a touchdown speed of{over ?

A small camera is permanently focused on the_
_data board in the control room to record date,
time, wind velocity, aircraft approach speed, and
waveoff signal. This camera output is digplayed
simultaneously \avlth the output of either the
centerline cameras or the island camera. .

A manned camera, located on the island
structure approximately 40 féet above the flight
deck, picks up the aircraft as it passes over the
centerline cameras, “zooms i for a closeup,’
and follows the arresting wire back to its batte'ry
position to determine which of the four. wires
_was engaged. If the aircraft bolters, thé camera-
"man follows it as it departs the ship. The island
camera is also used to pick up launches, provid- -

the possible, saving of pilot’s lives cannot be 2., ing the Shlp s combat, information center with-

estimated 1n monetaty terms. It-s demonstrably
evident, however, .that the cost . of ‘the. PLAT
system is minor to replacement of even one
aircraft. .

@ I

OPERATION

Esentlally, PLAT is four television cameras in

different locations aboard an aircraft carrier, -

connected to a, closed circuit television system

mcorporating ,a video tape installation to record

and play back landing information. <

Two unmanned cameras, each fitted with a
relay lens, and mirror assembly, are mounted on
vertical rails approximately 50 feet apart’ under
the flight deck (landing area) centerline. Adjust-
able crosshairs with variable illumination are
posmoned in the center of the relay lens
Mirrors on top of each relay lens look through
windows mounted in the flight deck, and are
stabilized with signals generated by the Fresnel
Lens Optical Landing System,
. A honzontaﬂtrosshalr, bore51ghted ong “the

ghde slope, 1dent1ﬁes the “on course™ glidepath.
A vertical crosshair is alined to coincide with the
centerline of theangled deck As the pilot sights
the optical landing system and follows it down,
the Jaircraft is picked ub by the centerline
camésas. The aircraft’s lineup with the crosshairs
displayed on the ship’s monitor streens coin-
cdes with the pilot’s 0pt1cal landmg system
alinement. . :

-

.immediate takeoff mform'atron and permitting
all ready rooms to keep direct contact with deck’
oOperations. - . .
QThe video tape recorder located in the PLAT

: . e oontrol room, records otie video signal and two

audlo sighals on a stindard 90-minute reel of
video tape 2 inches wide. As the tape requires no
processing, the recording can be played back

- intmediately. Later it can be erased.and the tape

used akain to capture the next landing opera-
tion. One of the two audio channels records

. conversation between landing operation person-

nel and the pilot. The second is a “cue™ track
which can be used for additional commentary
during pilots’ debriefing or for accident analysis.
An integrated system of picture monitors (TV
sets) keeps carrier control and information
centers in constant touch with each step of
landing or. takebff, A monitor in the combat
m,formatron center, for example, lets beloE«sdEck '
technicians actually see aircraft approachl well
as ﬁread it on a convéntional radar screen.
I,,andmg operatlon personﬁtﬂ cross-che'J( the
“physical” landing with "the monifor picture
while movement of the afrested sircraft to
forward areas can also be plotted from the s
screen. Réadyroom monitors allpw persog:al
not involved in the operation to ‘evaluate a

. pllots general . performance or reaction to

specific:emergencies. o

landing operatlon personne] can Watch a ﬁlmute‘
by-minute playback of the entire landing opera-
tion. Errors in judgment or pr0cedure an be

After a mission is comple%:(d prlots and
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pomted out while the operatxon is still fresh. . can be used to help train new pﬂots long pefore
Details impossible to remember are re-created in | their first carrier landing is ever attempted.

* their entirety on tape to lend duthoritative These tapes can also besinvaluable for training
reference to the hasty and often cryptlc notes .- new personnel who have never seen aircraft
made during the operfanon "Later the sanie tape making actual carrier arrestments.

.
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CHAPTER 8
SPECIAL TESTS AND TEST PROCEDURES

TESTING HYDRAULIC F LUID

Catapult hydraulic fluid is a -water-base
synthetic fluid. The fluid is 50 percent water,
' which prov1des its fire resistance. The remaining
50 percent is made .up of a water soluble

polymer which increases the viscosity of the

water, a freezing point depressant, and selected
additives that provide lubrication and protect
against’ corrosion.
~ With use, the water-base flpid loses water and
other volatile inhibitors. Water losses, which are
the miost pronounced, are mdxcated by an-
increase in fluid v1sc051ty Loss of inhibitors is
indicated by a change in the pH number of the
fluid. (Extemal contamination” also causes a
-change in the pH number.) Normal values for
the viscosity and pH number. ‘of unused fluid
* are:'viscosity (fluid temperature 100° F) 190 to
210 Saybolt seconds; pH number 8.8 to 9.2.-

- The fluid is nontoxic and no special handling
procedures are necessary. Leakage or spillage can
be cleaned up easily with a wet cloth, or flushed
down the drain with water. If thecatapult-
hydraulic fluid or any part of it is remoyed from
the catapult for any reason, it must be placed in
clean containers and filtered with a fine metal
screen before being returned to the system.

NOTE. Do not use a galvanized screen,
"fuller’s.earth, or similar earth type filter.

All activities operating steam catapults are
required to fiave the hydraulic fluid of each
catapult analyzed in accordance with the appli-
cable MRC’s and during shipyard overhaul to
determine if the viscosity and pH number are
within safe operating limits and to insure that
residual oil is swithin the tolerable limit. If water
was added as a result of the viscosity analysis,
the viscosity should again be checked to insure
that the proper amount of water was added.

. NOTE. Added water must be thoroughly
mixed into the, system prior to making the ﬁnal

\

For catapult hydraulic fluid analysis, a 1-
quart sample is removed from each gravity tank -
IMMEDIATELY after launching operations and
placed in a clean plastic bottle. The identified
samples are sent to the materials laboratory at
the nearest shipyard, naval air station, naval
operating base, or naval air rework facility ' for
determination of:

1. Viscosity in Saybolt Seconds at 100° F.

2. pH number.

. 3. Percentage residual oil present by volume.

P
o ‘I.L
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SHIPBOARD TESTING'OF .
HYDRAULIC FLUID

During an extended cruise, or when condi-
tions are such that the facilities of an industrial
test laboratory cannot be used, analysis may be
made -on shipboard by the use of Saybolt
Viscometers. (These are available in the ship’s

.engineering department on all carriers.)

@

- Viscosity

When using the Saybolt Viscometer (fig. 8-1),
viscosity is determined by notmg the amount of
lime required for a known amount of fluid, at a
known temperature and head (initial hexght) to -

. flow through an orifice of a known ‘cross- °

sectional area. .
_ 'To test the viscosity of the hydrauhc fluid,
proceed as follows:

1. Place the stopper (10, fig. 81) in the
bottom of the Saybolt Viscometer so that it will
trap air in the small chamber beneath the orifice
when the fluid sample is poured into the well
(9). This will prevent the flow of oil through the
outlet tube until the stopper is removed at the -
beginning of the test. Be sure the stopper is not
inserted far enough to touch’ the orifice. Place

197
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Drawoff pipette.

Well cleaner.

Timer.

Immersion heater ON-OFF switch.
Thermometer.

.- Neon bufb.

. Immersion heater power cord.
tmmersion heater.

Well.

. Stopper.-

. Flask.

Thermometer ‘and guard.
Strainer.

1.
2
3
4.
5.
6
7
8
9.

) AB.426
Figure 8-1.—Saybolt Viscometer.

H

. the mstrument as level as the motion of the ship

‘_‘ " will permit.

2. Plug in the power cord (7) and tum on the

"switch (4) to start the electrical immersion

heaters (8). -The heaters will go on and off
automatxcally to maintain temperature. The
neon bulb (6) at the top of the viscometer is

~ used to indicate this cycling: -

3. Pour a volume of the fluid sample through
a strainer (I13) into the well of the. viscometer,

- Insert -a bath thermometer (12) into the vis-

cometer to test the temperature of the bath ’

surroundmg the hydrauhc fluid. Allow the

sample to remain in the viscometer well until it
attains a temperature -of 100° F. Tum the well _
or table to agitate the fluid and.maintain’an even
temperature. .

4, Using the drawoff pipette (1), caréfully’

" remove fluid from the enlarged area (gallery)

" and volume to begin the test.

‘ height of the etched ma

around the top of the well until the well is
exactly full. ThlS will provide the correct head

L3

5. Place’ a flask (ll) beneath the proper-

" orifice. Prepare to start the timér (3) and remove

the stopper ( lO)srmultaneously

6. Note the temperature on the thermometer
(5). When fluid and-bath temperature have been"
held at 100°%F for 1 minute, remave the stopper
and start the t1me at.the same mstant\ .

7. When fluid has illed the flask to  the
‘near the top, stop the
timer and riote the exact elapsed time. Allow the
remainder of ‘the fluid' to flow through into the
flask. (The timer readmg‘ is in Saybolt Seconds
Universal (SSU), and a normal readmg is 190 to
210°SSU. ) )

8. At the completion of the test, clean the
Saybolt Vrscometer thoroughly and carefully by
first removing the orifice from the bottom .of .
the well (using “the special T-wrench provided)
and then cleaning the well with. the special ‘well
cleaner (2). (To prevent scarring the srdes, use
only the cleaner provided.)

When the viscOsity becomes 235 Saybolt
Seconds - or greater, add distilled or de-1on12ed
(boiler* feed) .water in accorttance with " the
WATER ADD CHART. (See table 8-1.) Water of

- potable quality from the ship’s distilling plants 1s

acceptable. Viscosity less than 190 SSU indi-
cates either excessrve water addition or water
leakage into the system. If the latfer condition
exists, the cause should be determined and
repaired. If analysis reveals the viscosity to be as

- low as 170 SSU, immediate steps must be taken

to discard and replace the fluid. .

CAU’I‘ION Do. not use tap water from shore
installations to reduce the viscosity number;
such water is not sufficiently pure .for thrs
purpose '

?

'

*
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Table 8-1.—Water add chart .

~

\

system or into  clean drums for temporary
storage.

Saybolt seconds

universal at
100° F-

Gallons to be added
per 100 gal of catapult
hydraulic fluid

3. Drain the fluid and its oil from the gravity
tank \wto containers by opening the petcock on
“the. -bottom of “the liquid level gage or by

235
240
245 .
250 .
255
260
265 - .

4.5
542
5.9
6.6
7.3
8.0
8.7

removing the gage glass.

4. Slowly increase the level of the fluid in the
‘tanks; to permit removal of any oil trapped
below the exit port.

5. Add sufficient clean fluid-to'the system to
make up for the flurd dramed as above.

QUANTITATIVE AND .-

‘pH Number .

1

If a fluid sample test shows a pH number less.

than 8.8 or greater than 9.2, the Naval Air
Engineering Center (Ship Installation) must be
notrfred immediately by message, with a copy'to
r  —thecoghizant Type Commander. In addition to
thé message notification, a 1-quart sample must
be forwarded to NAEC (SI). The fluid sample
must. be clearly identified, and the information
shown 1n figure 8-2 must accompany the sample.
- No corrective action is to, be taken if the pH
number is outside the limits unless spetified by
NAEC after laboratory analysis of the sample.

&
RESIDUAL OIL
=
To-make a residual oil test, pour some of the
. fluid sample into a trzmsparent graduated cylin-
der, or any convenient stralght-srded clear re-
ceptacle. Allow the samiple to stand in the
receptacle for a minimum of 8 hours. Measure
the height of any oil that appears on top of the
fluid. Compute percent by volume. Note oil in
excess of | percent.
. When the residual oil exceeds 1 percent by
. volume, remove some of the oil as follows:

1 Completely fill the gravity tanks with
ﬂurd Allow the fluid to settle for a minimum of
8 hours to permit residual oil to rise to the
surface NOTE. Increasing the length of settling
time will permit better separation’of oil and
fluid. R

2. After the oil has separated slowly drop
the level of the fluid in the gravity tanks .to
___within 2 inches of thegzttom of the liquid level

. gage ge, either by pumping fluid back into the

QUALITATIVE ANALYSIS

All vessels and activities operatmg steam
catapults must submit flud samples in accord-
» ance wrth the applicable MRC’s and imimediately
pnor to a shipyard overhaul. Each sample must’
be placed in a clean plastic container, packed in
a carton, and sent to E. F. Houghton and Co.,
303 West Lehigh Ave., Philadelphia, Pa,, markegd
" Attention: Control Laboratory The mformatlon
shown in figure 8-2 must accompany each
«sample. Mark the outsidg of the shipping carton
“CATAPULT HYDRAULIC FLUID SAMPLE
(FIRE RESISTANT).” Do not use a red Iabel

- . -

NONDESTRUCTIVE TESTING
OF METALS

It 1s highly important that all metallic parts of

a catapult or arresting gear machine be free of
corrosion, cracks, and other, defects that might

cause failure during operations. Several methods.,
of nondestructive testing of metallic parts are in

use for detectmg flaws that are invisible to the

naked eye. Two of these methods—the dye

. penetrant and magnetic particle —are-. discussed in

the 'followmg paragraphs.

! DYE PENETIiA’FIOI‘J INSPECTION

Dye penetrant inspection is a nondestructive

test for defects open to the surface in parts

. made’of any nonporous material. In addjtion to

being used on all nonmagnetic metals, it may be

used with equal sucgess on ceramics, plastics,

molded rubt‘)ler pow%'ered metal products, or
«

glass
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A surface of cast metal as a result of t

Chapter -8-—-SPECIAL TESTS AND TEST PROCEDURES

Dye penetrant 1n°$pectlon detects such defects
as’ surface cracks, porosity, and through leaks..
These defects may be caused by fatrgue cracks,
shrinkage cracks, shrinkage porosity, cold shuts
(a portron of the surfacesof a forging that is
ain body of metal
the

separated, in part, from the
by oxide or a discontinuity@#hat appedrs, Q!
of liquid meeting and failing to unité
and heat-treat cracks, sehms, forgihg=Jps, ¢
bursts Also 1mportant is lack of bond between
Jomed metals.

The main disadvantage of the dye penetrant

mspecﬁ? is that the defect mist be open to the’
or

surface the penetrant to get into the defect.

For thrs reason, if the part in question is made -

of a magnétic material, use of the magnetic
particle inspection is generally recommended.

Success of the dye penetrant inspection de-
pends upon’ a penetratmg hquld "entering the
surface opening and remaining in that opening,
makmg it clearly visible to the operator. .The
" penetrant used jin .thjs process consists of a
solvent base to which a visible dye has been
added. This dye penetrant is ‘a brilliant red,
visible unde iffary hght after: the necessary
processing.

The matenals used in the dye penetrant
mspectron are available in Aviation Supply stock
in the form of a kit. Included in the kit are two
spray cans of dye penetrant, dye remover-
emulsifier, and developer. For replenishment
‘purposes, these materials are also -available as
individual items. .

, Briefly, the ste_ps to be taken when perform-
ing a dye penetrant inspection are:

. 1. Thoroughly clean the metal surface.

2. Apply the penetrant.

3. Remove excess penetrant with remover-
emulsifier. . T -

4. Dry the part.

5. Apply the developer.

6. Allow sufficient_time for the developer to

indicate the penetrant in cracks of.the metal
surface. .
7.~’Inspect and interpret results. :- .

Types of Processw

-

e approxxmafe srze and shape

Lo F

el There are two basic processes of penetrant .
mspectlon—-the visible " type penetrant and the ’

. fluorescent dye penetrant However, vanatlons

of the basic types further divide the processes
into seven types. The selection of the process to
be used depepds on the sensrtrvrty required, the
number of parts to be inspected, the surface
condition of the part, the configuration of' the
part, the effect of penetrant chemicals on “the
material or system being 1nspected and the
avarlabrhty of water, electricity, compressed a1r,
and suitable area for inspection.

The severi types of processes are discussed in

_ detail in Chapter 3 of ABE 3 & 2,.’NavTra
. 10302-C.

. MAGNETIC PARTICLE‘INSPECT ION*

Magnetic particle mspectlon is a rap1d non-
destructive means of detecting drscont1nu1t1es in
parts made of magnetic materials, such as iron
and steel. These discontinuities may have been -

put into the part’s or metal during fabrication or.” -

processing, or may have been formed by actual
use. They may be at or near the surface am}

be shallow or extremely .deep. If the inspéction
progess is -performed cofrectly, the usefulness of
the part will not be affected by\the inspection
and all harmful discontinuities. will be revealed.
If, however, the principles of, ‘the method are not
cleatly understood by the operator, and um-
sound’ methods are used, then some discontin-
uities may not be detected and defective parts
may be accepted which could fail in use, causing
loss of equipment and personnel.

It is, therefore, vitally impoitant that every
operator, inspector, and supervisor know the
principles of magnetic particle vmspectron and
how to apply these pri’nclples to specific i mspec-

" tion problems.

In rapidly rotatmg, recrprocatmg, vibrating,

wand other highly stressed parts, small defects’

often” develop” to a point that’ they cause
complete failure of the part. Magnetic partlcle.
inspection has proved extremely reliable for, the

rapid detéction of such defects on or near the -

surface. In using this methddvof inspection, the i

location of the defect is gndicated, and the/"
eouthned

The 1nspectlon precess consists ‘of magnetiz-

ing the part and then applying- ferromagnetic

partic to the surface of the part. If a

dlS {s nulty is present the magnetic lines of

291 - .-
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force will be dis:turbed and 'opposite. ;;oleé will

exist on either side of the discontinuity. The
magnetized particles thus form a pattern in the
magnetic field between the opposite poles. .This
-pattern, known as an “indication,”. assumes the

approximate shape of the surface projection of )

the discontinuity.
The ferromagnetic - particles (indicating
mediym) may be held in suspension in a liquid

that is flushed over the.part, the patt may be -
_ -immersed in the liquid, or the particles, in dry

powder form, may be dusted over the surface of
the part. ',
NOTE: "A distontinuity may be defined as an

* interruption in the normal physical structure or

<

-

L

configuration of a part such-as a crack, forging
lap, seam, inclusion, porosity, and the like. A

discontinuity may or may not affect the useful- .

ness of a part. - .

Development of Indications

When.a discontinuity in a magnetized matehal
is open to the Surface and a magnetic substance
in.the form of an indicating medium is avajlable
on the surface,
uity tends to form the indicating medium into a
path of higher permeability. (Permeability is a
term used to refer to the ease with which a

magnetic flux can be established in'a given

.magnetic circuit.) Because of magnetism in the'
part and the adherence of the magnetic particles
to each other, the indication remains on the
surface of the part.in the form of an approxi-
mate outline . of . the discontinuity thaf is im-

‘ wmediately below it. .

The same action takes place when the discon-
tinuity is not open to the.surface; but since the
amount of flux leakage is less, fewer particles are

-held in place and a fainter and less sharply

defined indication is obtained.
If the discontinuity is very far below the

surface, there’ may be no #lux leakage and -

therefore no indication on the surface. The flux
leakage at a transverse discontmuity 1s shown in
figure 83. “The flux leakage at a longitudmal
discontinuity is shown in figjfre 8-4."

_Typés of Discontinuities Disclosed

The - following types of discontinuities are

normally detected by the magnetic particle test:

e flux leakage at the discontin-" -

s

) .- AB.431
Figure 8 3.Flux I-akage at transverse discontinuity. _

Figure 84.—Flux léakage at longitudinal discontinuity. -

»,

.

«Cracks, laps; sgéms;cold shqts, inclusions, splits,

tears, pipes, and voids. All these may affect the
realiability of parts in service. T
- “Cracks, splits, burst, tears, seams, voids, and

. pibes are formed by an actual parting or rupture

of the solid metdl. Cold shuts and laps are folds
that have been formed in the metal, interrupting .
it§ continujty, ’ .
Influsions are foreign material formed by
impurities in the metal during the migtal proces-
sing stages. They may consist, for example, of
bits of furnace -lining picked up during the
melting of the basic metal, or of other foreign
constituents. Inclusions interrupt the copfinujty
of the metal because their presence prevents the
joining or welding of adjacgnt, faces of the metal.

¢

Preparation of Parts for Testing

All parts must be cleaned of gre'ase, oil, and:

dirt before they are tested. Cleaning is important -
202" '
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since./magnetic particles tay adhere’ to any

grease_ or other foreign material present and

- thereby produce nonrelevant indications.
Grease -or foreign material in sufficient
, amount ‘over a discontinuity may also prevent
_ fhe formation of a pattern at the discontinuity.
Even if the wet method' is used, it is not
adyisable to depend upon the magnetic particle
" suspension. to elean the part. Cleaning .by the
~ suspension_will. not be-thorough, and the foreign
materials removed from thes part will contami-
- nate the Suspension and reduce its effectiveness.
In the dry procedure, thorough cleaning is
necessary as grease or other foréign material will
hold the magnetic powder, causing nonrelevant
indications and making it impossible-to-evenly
distribute the indicating medium over the_sur-
face of the part., )

All small openii)gs and oil holes leading to“ N

obscure passages'or cavities should be plugged
with paraffin or other suitable nonabrasive

ATTRACTION OF PARTICLES AT
. ..DEFECTS

(8). CIRCULAR MAGNETIZATION

)
SN

< \\\\\";\‘i{\‘ W et
R
\ N ? ,l . l
\;_?h “""",mm )

—riaterial. ¥ ;
Primers, paints, enamels, and similar non-

metallic coatings, 4 well as-coatifigs of cad-

mium, copper, tin, and zinc, do not interfere
with the satisfa,ctory performance of mag‘net,f‘c
particle ifspection, unless the coatings are un-

usually “heavy, or the. discontinuities to. be .

. detected are unusually small.” -
Chromium and nickel plating will not general-
\ly interfere with the formation of indications of
cracks open to the surface of the base metal, but
will prevent the formation of indications' of fine
discontinuities, such as inclusions. Because it is
more strongly, magnetic, nickel plating is more
effective than chromium plating in preventing
. the formation of indications.

Magneﬁzﬁtidn .

EFFECT OF DIRECTION OF FLUX (LINES
OF FORCE).—In order to locate a defect in-a_

part, it is essentjal that the magnetic lines of
force pass approximately perpendicular to the

defect. It is therefore necessary to induce”

magnetic flux in more than- one ditection since
defacts are likely to exist at any angle to the

major agis of the part. This requires two

separate magnetizing operationg, referred to as
arcular magnetization and longitudinal magneti-
zation. The effect.of direction of flux is illu-
strated in figure 8-5. "

~ A

" ATTRACTION OF PARTICLES AT
DEFECTS

) AB.433
Figure 8-5.- Effect of direction of flux on strength
g PR of indication. *

EFFECT OE, FLUX DENSITY.-The effec-
tiveness of the magnetic particle inspection also
depends on  the flux density or field strength
that exists at the surface of the part when the

- indicafing. medium is applied. As the flux
~ density in the.part is increased, the sensitivity of
-the test increastd because of the greater flux
leakages .at discontinuities and the resulting
" improved, formation of magnetic particle pat-

terns. - -» :

Excéssively high flux densities, however, may
form nonrelevant indications; for exampfe, pat--
tgrns of “the grainflow in the material. These
indications will tend. to- interfere with the
detection of patterns restilting from significant
discontinuities. It is therefore necessary to use a

. field strength high enough to reveal all possible

harmful discontinuities, but not strong enough’
, to .produge confusing nonrglevant indications. -

. POR
r
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MAGNETIZING METHQDS When a part is

maghetized, the ﬁeldﬁstrength in the part m-

- creases to, a maximum for the particular mag- *
netizing force and remains at this, maximum as
long as the magnetizing force is mamtamed

When the magnetizing force is removed, the .
field strength décreases tq a lower residual value,
depending on the magnetic properties of the
material and the shape of the” part> These
magnetic characteristics determine whether. the
continuous or-residual method is used m mag-
netizing the part.

In the continuous inspection method, the part
is magnetized and the indicating medium applied
while the magretizing force is maintained. The
available flux density in the part fs thus at a
maximum. The maximum value of flux depe ds
directly upon the magnetizing force and thé

permeability of the material of which the par7 is

made.
The continuoéus, method provrdes greater sen-
sitivity than the residual procedure, particularly
in Jocating subsurface .discontinuities, and may
‘be used in practrcally all Sircular and Jongi-
tudinal magnetization procedures. The hrghly
critical nature of catapult and ggresting “gear
parts and assemblies and the ecessity for
: subsurface inspection in many applications have
reSlﬂted in the. continuotis meéthod being more
widely used by ABE’s.
'\Inasmuch as_the continuous procedure wrll
reveal more nonsrgmf'rcant discontinuities than

the residual procedure, careful and mtellrgen&
interpretation and evaluatron of discontinuities.

revealed by this procedure are necessary. g«
" The residual  ifispection procedure involves
magnetization of the part and application of the
indicating medium after magnetizing force has
been removed. This procedure relies on the

residual or permanent magnetism in the part and ..

is more practical then the continuous procedure
when magnetization is accomplished by flexible
coils wrapped around the part. -

In general, the residual procedure is uséd only.

with steels which have been heat treated for
stressed applications. ¢ \
IDENTIFICATION OF INDICATIONS.-The
correct identification of indications is extremely
important, but % sometimes difficult to make
from observation of the appearance of the
indications  alone The principal distinguishing

- .

Y -

features of indications are shape, buildup, width,
and sﬁarpness of outline. These characteristics,
in genetal, are more valuable in distinguishing
between types of discontinuities than in de-
termining their severity. However, careful obser-
vation. of the character of the magnetic particle

" pattern‘should always be included in the com-

plete evaluation of the significance of an mdr—

- cated disgcontinuity.

The mést readily’ drstmgursHed indjcations are
those. produced. by cracks open to the surface.
These discontinuities include fatrgue cracks,
heat-treat .cracks, shrink cracks in welds and
castings, and gnndmé cracks.

FATIGUE CRACKS give sharp, »clear pat-
terris, generally uniform and unbroken through-
out theit length and with good buildup. They .

“ are ofterfsagged. in appearance as compared with
" the straigt indications of a seam and may also

change' direction shghtly in localized areas.
Figure 8-6 illustrates a fatigue crack in a gear.
Fatrgue cracks are”found in parts that have
beerd’ ingaservice, but are never, .found, in new
parts?*mey are usually in the reas
of the “part, or wheré a stress concentration—
exists for some reason. It is' important -to
recognize, that even a small fatigue crack indi-
cates positively that failure of the mnvolved part

. 1s in progress. -«

= GRINDING CRACKS are fme and sharp, but
seldom hgve a buildup- because of therr Iimited
depth. They vary from single line indications to
a heavy network of lines and are generally
related tq the direction of grindihg. For ex-
ample, the\crack usually begins and continues at
nght angle} to the motion of a grinding wheel],
giving a rather symmetrical pattern. Indications
of grinding{cracks can frequently be jdentified
by means off this relation.

Indicatio\s of seams are usually stralght
sharp, and e. They are often intermittent and »
sometimes have very little buildup.

Magnetizing tluipment

STANDARD GENERAL-PURPOSE UNIT.—
A standard eneral-purpose magnetizing unit is
used extensively at naval air activities. This unit
provides direct current, for wet continuous or
residual magnetization procedures Either circu-
lar or longit

oA
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Figure 8-6.—Fatigue crack in a gear.
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and 1t may be powered with rectified alternating .

currgnt as well as direct current. ,
GENERAL-PURPOSE PORTABLE UNIT.-It
is often necessary to perform the magnetic
particle inspection at locations where the stand-
ard general-purpose unit is not availabl¢. The

_ -geieral purpose portable equipment which sup-

plies both alternating-current and direct-current
magnetization is suitable for this purpose. |
This unit is only a source of Mmagnetizing and
demagnetizing current and does not provide a
means of supporting the -work or applying the
suspension. It operates on .200-volt, 60-hertz
altemating current and contains a recfifier for
preducing direct current when required. )

3

The magnetizing current is.supplied through

the two flexible cables as shown in figure 8-7.
The cable terminals may be fitted with probes,
or.with contact clamps. Circular magnetization
may be developed by using either the probes or
clamps. Longitudinal magnetization is developed
by wrapping the cable around the part.

. »

. The strength of the magngtizing current is
controlled by an 8-point tap sWitch, and the
Jength of time for Which it is applied is regulated
by an automatic cutoff. .

This portable unit also serves as a demagnetiz-
er and supplies high-amperage, low-voltage, al-
ternating current for.this purpose. For demag-
netization, “the alternating ‘current is™passed
through the part and gradually reduced by
means of a current reducer.. .

Magnetizing Materials

LIQUID VEHICLE FOR WET SUSPEN-
SION.—The liquid vehicle used in the wet
procedure provides the mobility for the sus-
pended magnetic particles. Although most any
liquid of a viscosity approximating that of
kerosene may be used when making the mag-
netic particle inspection test, the MIL specifica-
tion covering magnetic particle inspection re-
quires that the liquid be a drycleaning solvent, a
light oil sach as kerosene, or an acceptable
equivalent. - . :

INDICATING MEDIUMS.—The various types
of indicating mediums available for magnetic
parficle inspection may “be divided into two
general types—wet process materials and dry
process matefials. The basic requirement for any
indicating medium is that it produce acceptable
indications of discontinuities in parts. L

The contrast' provided by a particular indi-
cating medium on the background or part
surface is particufarly * important. The colors
most extensively used are black and red for the
wet procedure; and black, red, and gray for the
dry procedure. . _ .
“ For acceptable operation, the indicating
medium must be of high permeability and low
retentivity. High permeability insures that a
minimum of magnetic energy will be required to
attract the matenial to flux leakage caused by
discntinuities. Low Tetentivity insures that the ”
mobiljty of the magnetic particles will not be
hindered, that is, the particles themselves will

" not become magnetized and attract one another.

It is important that new magnetic substance
always be used in preparing suspensions When
the suspension becomes discolored or otherwise
contaminated to the extent that the formation .
of magnetic patticle patterns is interfered with,

i
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PORTABLE MAGNAFLUX UNIT

~
4

Figure 8-7.~Applying probes to a c'ylinder.

the unit should be drained, cleaned, and refilled
with clean suspension.

s

Demagnetization

NECI::SSITY FOR DEMAGNETIZATION.—
Pai’ts’of operating ‘mechanisms must be demag-
netized to prevent magnetized parts from

attracting filings, grindings, or chips inadvert- .

ently left in the system, or steel particles
resulting from operational wear. An accumula-
tion of-such particles on a magnetized patt may
4use scoring of bearings or other working parts.
STANDARD DEMAGNETIZING PRAC-
TICE.—The simplest procedure for developing a
reversing and gradually decreasing ‘magnetizing
force in a part involves the-use of a solenoid
energized by alternating current. As the part is
moved awgy-from- the alternating field of the
solenc;i?(ﬁ magnetism in the part gradually
" decreafes. . - : '
* Parts that do not readily lose their magnetism
should be passed slowly in and out of the
"demagnetizer several times, and at the same time

i . N
tumbled or rotated in various directions. Allow-
ing a part to refnain in the energized' demag-
netizer accomplishes very little practical
demagnetization,

. The effective operation in the demagnetizing

procedure is that of slowly moving the part out *
of the coil and away from the magnetizing field.
As the part is withdrawn, it should be kept
diréctly opposite the opening untit it is 1 or 2 )
fégt from the demagnetizer.
" 'The demagnetizing current should never be
cut off until the part is 1 or 2 feet from the
opening;otherwise the part will most likely be
remagnetized. . .
PORTABLE -ELECTROMAGNET TYPE-
DEMAGNETIZER.—A portable électromagnet

~type. demagnetizer ‘is shown in figure 8-8. It

consists of a flat slab electromagnet, wound in
the long direction. The faces of the exposed pole
ends are rounded to permit access into localized
areas, such as holes or corners.

The demagnetizer produces an external alter-
nating field when excited by alternating cur-
rent. When it is slowly moved away from the

bt Lo
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F%‘"ura 8-8.—Hand type dempgnstizer.
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part, it ‘demagnetizes the adjacent area in the
usualimanner.

This tdol- is convenient for use on localized
areas dlfécult to demagnetize by the standard
. procedute It requires a power source of about 3
. amperes and 100 volts at 60 hertz, and may thus
be plug&ed into most lighting circuits.

Inspectmg Arresting i
Engine Cyjmder o

Dunng e overhaul of an arresting engme,

) ’the cylinder drain plughon and vent holes are

subjected ;/to a magnetic partche inspection to
detemme if there,are any cracks, hard spots, or
<other defects. An{\i defects faynd are sufficient
wbse—te—rejeet-th.e.cyhnder

This inspection procedure requires the use of
.a portable Magnaflux unit having two cables,
.each -equipped with a lead sheathed probe
,approxrmately 4 inches long and 1 inch in

diameter, (See ﬁg. 8-7.) At least two persons are

needed to handle the ‘equipment; one to hold *
* the probes while the other brushes on Magnaflux
fluid.
- The cylinders are tested as follows .
‘1. Remove the cylinder plugs from plug
Holes; using a wrench. .
~ WARNING:- NEVER use an acetylene. torch

" or other'means of applying local heat on the

cylinders to facilitate the insertion or removal of*
any plug. -

2. Abrade and clean the surfaces “about the
hole areas to insure clean, positive probe con-
'tact.

3. Grasp a probe ﬁrmly in each hand and
apply probes simuitanteously to- the cylinder
periphgry. The probes shauld be 6 to 8 inches
from edge of thehole and 180 degrees apart
before the current is turned ON, as shown in
-figure 8-9.

WARNING: Do not apply probes to cylin-
ders after the current is turned ON because this
will cause arcing of the probes and produce hard
spots in the cylinder.

4. -Apply 800 amperes minifaum magnetizing
current. |

5. While current is turned ON, brush on
Magnaflux fluid around the cylinder hole areas
being tested as shown in figure 8-9.» .

NOTE: Fluid must .b¢ flowing when current
is ON.

6. Visually mspect “the cylinder hole areas for
sub-surface cracks, as shown in figure 8-10

7. Repeat steps (1) through (6)_for each
45-degree application of the probes about each
cylinder hole being tested. (See fig. 8-11.)

Indications’ as shown in figure 8-10 Wwould be

‘cause for immediate cylinder replacement.

-  HARDNESS TESTING

’

Hardness testing is & method of determining

. the results of heat treatment as well as the state

of a metal prior to heat treatment. Since
hardness values can be tied in with tensile
strength values and, in part, with wear resist-
ance, hardness tests are an invaluable check.on
heat-treat control and of material properties
Practically all hardness testing equipments .
utilize the resistance to penetration as a measure
of hardness. Included among the better known
hardness testers are the Brinell and Rockwell,

242 :
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Figure 8-9.;Applying Magnaflux to cylinder, -
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X Figure 8-10.—Indications of subsurface cracks.
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Figure 811.—~L.ocating probes about cylinder hole,
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both of which are described and illustrated in
. this section. Also included ,are two popular

portable type hardness .testers being used by -

many operating acfivities. /
BRINELL TESTER

The Brinell ‘tester (fig. 8-12) uses a hardened
$herical bail, 16 millimeters,(0.3937 inch) in
diameter, which is forced into the surface of the
met3l. A pressure of 3,000 kilograms maintained

for at least 10 seconds is used for ferrous metals, .

and 500 kilograms maintained for at least 30
seconds for nonferrous metals. The load is
applied by méans of hydraulic pressure built up
by 4 hand pump or ari electric motor, depending
on the model of tester. Included wjth the tester
is a pressure gage to indicate the amount of
pressure, 4 release mechanism for relieving the,
pressure after the test has been made, and a
calibrated niicroscope for measuring the dia-
meter of the impression in, millimeters. The

machine has various-shaped anvils for supporting .

. the specimen and an elevating screw for bringing
the specimen 1n, contact with the ball penetrator.
Also included are attachments for special tests.

*

PRESSURE -
~GAGE

HYDRAULIC:
ACTUATING
“UNIT>

AEVER FOR
BUILDING UP
HYDRAULIC
. {_PRESSURE

—

PENETRATOR .

Figure 8-1 Z-;Brine?? hardness tester.
’ -7

‘

-

L]

impression as seen thrQugh the ~microscope
After measuring the dianfeter of the impression.
cc?wert the measurement into the Brinell hard-
néss number utilizing the conversion table furn-
jshed with the tester. A ’portion of the conver-
sion table is shown in table 8-2.

244
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™In order to determing the Brinell hardness *
number for a meta), first measure the diameter
of the impression. Figure 8-13 illustrates* an
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Table 8-2.—Portion of conversionstable furnished with
, Brinell tester .

]

Hardness
number
for load of

. ke

Diameter
of ball
impression

. (mm)

' AB.441
Flgure 8-13.~Impression as saen through the
Brinell microscope.

*

s
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: ROCKWELL"TESTER

The Rockwell hardness tester (fig. 8-14)
measures the resistance to penetration as does
the Brinell tester however, instead of measuring

-the diameter of the impression, the Rockwell

tester measures the depth, and tht hardness is
indicated directly on a dial attached to the
machine. The shallower the penetration, the

“higher the hardness number.

Two types of penetrators are used with the

" Rockwell tester, one being a diamond cone, the’

other a hardened steel ball. The load which-
forces the penetrator into the metal is called the
major 10ad and is measuredin kilograms. The
results of each penetrator and load combination
are reported on separate scales, designated by

* letters. The penetrator, the major load, and the

scale vary with the kind of metal being tested.

. For hardened steels, the diamond penetrator
is used, the major load is 150 kilograms, and the
hardness is read on the C scale. When this
reading is recorded, the letter C must precede
the number indicated by the pointer. The
C-scale setup is used for testing metals ranging in
hardness of C-20 to the hardest steel (usually
about C-70). If the metal is softer than C-20, the
B-scale. setup is used. With this setup, the
1/16-inch ball is used 4s a penetrator, the major
load is 100 kilograms, and the hardness is read
on the B scale,

In addition to the C aﬂ'd B scales, there are °
other setups for special testing. The scales,
penetrat\ors, major loads, and dial numbers to be
read are listed in table 8-3. The dial numbers in
the outer circle are black, and the inner numbers
are red.

The Rockwell tester is equipped with a weight
pan, and two weights are supphed with the .
machine. One weight is marked in red; the other
is marked in black. With no weight in the weight
pan, the machine applies a- major load of 60
kilograms. If the scale setup calls for a 100-
kilogram load, place the red weight in the pan.
Fora lSO—kﬂogram load, add therlack weight to
the red weight. The black weight is alwdy$s used
in conjunction with the.red weight, it is.never
used alone.

Practically all testing is done with either the
B-scale: setup or the C-scale setup. For these
scales, the colors may be used as a guide in
selecting the weight (or weights) and irr reading *
the dial. For the B-seale test, use the red weight
and read the red numbers. For a C-scale test, add
the black weight to the red wexght and read the

black numbers.

+
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Figure 8-14.—Rockwell hardness tester.

In setting up the Rockwell machine, use the
diamond penetrator for testing materials which
are known to be hard. If in _doubt, try the
diamond, since the steel ball may be deformed if
used for testing hard mdterials. If the metal tests
below C-22, then change to the steel ball.

Use the steel ball for all soft materials- those
testing less than B-100. Should an overlap occur
at the top of the B scale and the bottom of the
C scale, use the C-scale setup.

Before the major load is applled the test
specimen must be securely locked in place to
prevent slipping and to properly seat fhe anvil

and penetrator. To do” this, apply a load of 10 *

kilograms before tripping the lever. This prelimi-
nary load is called the minor load. The minor
load is 10 kilograms regardless of the scale setup.
When the machine is set up properly. it'auto-
matically apphes the 10-kilogram load *
The.metal to be tested in the Rockwell tester
must be ground smooth on two opposite sides

and be free of scratches and foreign matter. The -

surface should be perpendicular to the axis of
~ pénetration, and the two opposite ground sur-
- faces should be parallel. If the specimen is.
" tapered, the amount of error will depend on the
taper. A cufved surface will also cause a slight
error in the hardness test. The amount of error
depends on the curvature—the smaller the radius
of curvature, the greater the error. To eliminate

-

-

such error, érind a small flat on the curved
surface if possible.

RIEHLE TESTER

The Riehle tester is a portable unit, designed
for making tests comparable to those of the

* Rockwell bench type machine. The instrument

is quite universal in'its application, being readily
adjustable to a wide range of sizes and shapes
which would be difficult, or impossible, to test -
on a bench type tester. "

Figure 8-15 shows the general_ arrangement
and identifies the various components of the
tester. It may be noted that the adjusting screws
(4) and the penetration indicator (12) are set
back some distance from the penetrator endyof ¢,
the clamps. This makes it practicable to use the
tester on either the outside or inside surface of
tubing as well as on many other applications
where the clearance above the penetrator, or
below the anvil is limited. The indicator brackets
are arranged so that it is possible to turn the
indicators to any angle for greater o.onv\,meno.c
in a specific application, or to facilitate its use
by a left-handed operator. Adjustment of the
lower clamp is made by the small knurled knob
below the clamp. The larger diameter knob,
extending through the slot in the side of the
clamp, is used for actual clamping. '

Each Riehle tester is supplied with a dlamond
penetrator and a-1/16-inch ball penetrator. .The
ball penetrator. should not be used on materials
hander than B-100, ndr og a load heavier than
100 kilograms. This is to avoid the danger of
flattening the ball.

The diamond penetrator,»when used with a

150-kilogram load, may be used on materials
. from, the hardest down to those giving a reading

of C-20. °

When the hardness of a material is o.omplutely
unknown to the operatqr, it is advisable to take
a prehminary reading on the A scale as a guide in
selecting the proper scale to be used.

T&stmg Prowdure

The basic procedure in making a test thh the
Riehle tester is as follows:
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Table 8-3.-_—Sjt‘andard Rockwell hardness scales

. Major

load (kg)

Dial

4 - Penetrétor’ . number

Diamond 60
| 1/16-inch ball
Diamond -
Diamond
1/8-inch ball”
1/18-inch ball
- 1/16-inch ball
1/8-ifich ball
1/8-inch ball

. Black
Red
Blatk
Black
Red

" Red
, Red
Red
Red

,»»fA' - e

z

>f_ ‘indicating the scale on which
. t obtained.

7

- ' o
., Removal and Replacement of ¢

Penetrator - ‘/; . ,
+ _  The penetrator is retairfed in the tester by

- ‘means of a small knurled clamp screw ex tending *
.fromthe end of the’ weigh bar. To remove a
— “penetrator, .there should be-at least.2 or 3 inches
- Of space between the upper and lower clampsso |

o

B “#'1 Applya kpinor load of 10 kilograms,

z

2. Set the penetration indicator to zero. -

" 3."Apply a major load of 60, 100, or 150
“ kilograms (depending on ‘the scale), and then
“-tedtice the load back to the initial 10-kilogram
< load. . :

"4 Read the hardness directly on the penetra-

_ ‘tion iridicator The hardness readjng is based on
the measurement of the additionél increment of
penetration produced” by applying a major foad

" after an initial penetration has been produced by
* the minor load. In reporting a hardness number,
“the number must be preﬁxedtf_l_‘l:y the letter

i reading was
.G

L S 1

..that one hand can be placed underneath the
~-upper clamp -to: catch the penetrator when it is
~released. Two orthree tums of the clarfip screw

will release the penetrator. The two contact pins
s - . ; ’

- é

jetind B _

which extend through the penetrator on either . *

side of the point arg retained in the tester when
the penetrator is removed. .

. To replace a penetrator, it must be turned so
that the fldt side,faces the clamp screw, and the

locating pin on the penetrator is in line with the _
'slot provided to take the“pin. The contact pins

should be guided into their ‘respective holes

-through the penetrator. With the penetrator in .

place, it should then be clamped securely by
turning the clamp screw. Before making an
actual test, one or two preliminary tests should
be: made to properly seat the penetrator.

BARCOL TESTER

’

" The Barcol tester (fig. 8-16) is 4 portable unit
designed for testing aluminum alloys, copper,

" - brass, and other relatively soft materials. Ap-

proximate range of the tester “is 25 to 100
Brinell. The unit cag be used in any position and
in any space that will alléw for the operator’s
+hand. The hardness is indicated on a dial
conveniently divided into 100 graduations.

The lower plunger guide and point are ac-
curately ground so that attention need be given
only to the proper position of the lower plunger
guide within the frame in order” to obtin
accurate operation when a point is replaced.

The frame, into which the lower plunger
guide  and spring tensioned plunger are screwed,
holds the point in the proper position. Adjust-
meént of the plunger upper guide nut, which
regulates the spring tension, i$ made when the
instrument is calibrated at the factory; the
position of this nut should not be changed.

The leg is set for testing surfaces which permit
the lower plunget guide and the leg plate to be
on the same plane. For testing rivets or other
raised objects, a.block may be placed under the »,

leg plate to raise it to the same plane: For %

permanent testing of this type, the leg‘may be
removed and washers inserted. The point should
always be perpendicular to the surface being
tested. ~ | . .

 Testing Procedure -
-The design of the Barcol tester is such that
operating experfence is mot necessary. Only a

Ui : s
K .
R4
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1. Upper clamp.
2. Lower dlamp.
3. Anvil.
4, Adjusting screws.
6. Adjusting knob.
6. Penetrator.

R

" ‘\

’

o T

Loading screw.
Grip. .

Load indicator.
Penetrator indicatar.

N

Périetrator clamp screw. -
" Weigh bar.
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) Flgure’%16 —Qr‘col portable hardness tester
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light pressure against the instrument is needed to

drive thé spring-loaded indenter ‘into the
material to be tested. The hardness reading is
instantly indicated on the dial.

To pre\lent damage to the point, av01d slldufg .
or scrapmg when it’'is, in contact with the
materjal being tested. If the point should. be-

' ‘come damaged, jt'must be replaced with a new

one. No atfempt sIhould be made " to grind the
point.

"Each tester is supplied w1th a test disc for
checking the condition of the point, To check

'~ the point, press the insttument down on the test

disc. When _the downward pressure brmgs "the
end of the lower plunger gmde against “the
surface of the disk, the ingicator reading should
be within the range«shown on the test disk. -
To replace the point, remove the two screws

.which, hold the halves of the case together. Lift

out the frame, remove the’ spring sleeve, looseni

“the' locknut, and unscrew the.lower plunger

guide; holdjng the - point upward so that the
spring and plunger, will not fall out of place:
Insert a riew point and replacethe lower plunger
guide, screwing it back into the frame. Adjust

" the lower plunger guide with the wrench that is

furnished until the indicator readmg and the test
disk average number are identical. - After t}§
lower plunger guide is properly set, tighten th

locknut to ‘keep the lower plunger guide m
place. This adjustment should be made dhly.

" after mstallmg a ney point, any readjustment on .

a worn or damaged point wxll glve erroneous
readings. .

P
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Flight Deck Cooling System, 112-114, y
Flight Deck Operations Report, 34-38
Fluid Cooler, Figure-6-10, 136 .
Fluid Testing, Hydraulic, 197-199
Fresnel Lens, 179-186
deck edge unit, 180-185
operating principles, 179 _
" remote control panels, 185°
Fresnel Lens Deck Edge Assembly,
Figure 7-3, 183 -
AY
. . -G .-
3
Gear Enoines, Arresting, 123-178
,Grab, Figuré 4-28, 86 Co '

. Hang fire, 92

149

> .- Inventories, 43

Hardness Testing, 207-214
" Barcol tester, 212-214
Brinell tester, 209
. Riehle tester, 211 .
- Rockwell tester, 210 ‘ -

Holdback and Release Units, 114

H/R Remote Control Panel, 186 ‘

LSO Panel, 186 -
power panel a,ssembly, 187
Hydraulic Cylinder Assembly, Figure 6-20,

N
<%

Hydraulic Fluid Testing, 197-199 - ‘
quantitative and qualitative analysis, 199
_residual oil, 199
shipboard testing, 197-199 . .

Hydraulic System (Rotary Retractior} Engine),

F:igure 4-6, 52 °

.
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Inspections (Periodic) of Steam Oatapults,

. Inspections - Purchase Cable, 173-175

Inspections Sheaves,<155
struction Methods, 12 -

J

Jet Blast Deflectors, 105-112
description and operation, 106-112
maintenance, 1132 .

. safety precautions, 112 .

L
Landing Aids, Visual, 179-196 *,
Lantern Type Exhaust Valve (CVA-63
and -64), Figure 4-19, 74
Launching Bridles and Pendants, 114
Launching Engine, Figure 4-16, 70
Launching Engine System of Steam Catapults,
' 6168 |

Launching Piston Assembly, Figure 4-12
64 4«

Launching Valve Assembly, Figure 4-17, 71,

Launching-Valve Hydraulic-Lock-Valve
Panel, Figure 4-22, 77 -

Launch System, Nose Gear, 114-122

Leading Petty Officers, 11-18
duties, 11 ' P
training, 12 . . -
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Learing andLearning Processes, 13

*+ * Lens, Fresnel, 179-186

_ Logs and Reports, 83-40

Letter Type Publications, 24
aircraft launching bulletins, %-‘229 .
cdatapult deck gear and accessories
bulletins and chdnges,-80
-instructions and notices, 81
recovery bulletins, 24 . "
recovery and launching equipment service
bulletins, repair procedures, and’
changes, 29~30 . e
Linear Retraction Engine, Figure :9-26 82

.

flight deck operations report 34-38
recovery log, 34
recovery wire rope history chart, 84 .
steam catapult launching log shetts, 88
steéam catapult work (rough) logbook,
84 -
unsatisfactory material/condition report,
88-40
LSO Panel, 186
Lubrication System of Steam Catapults 68
M
Magnetic Particle Inspection, 201-207
demagnetization, 206
development Qf indications, 202 -
inspecting drresting englne cylinder, 207
magnetization, 208
magnetizing*equipment, 204 '
magnetizing mateyials, 206
preparation of parts for tesfing, 202
‘types of discontinuities, 202
Main Hydraulic Accumulator, Figure 4-7,
58 . .
Maintenance for ”Arresting Gear Engines,
157-174 -
Maintenance and Filing of- Publications, 33
Maintenance Procedures for Steam -,
Catapults, 60-95 S
Maintenance Shop, 20
alfunotions, 90-92
hang fire, 93294 .
M 1ly Operated Visual Landing Aid
OVLAS), 187-192" .
functional operation, 190
power control box, 190
- setup instructions, 191
Manual Type Publi¢ations,'31 .
Mark 7 Mod 1, 128 .
Mark 7 Mod 2, 128 .
Mark 7 Mod 8, 128-127 . ¢
MOVLAS (Manually Operated Visual Landing
Ald), 187-192

Nondestruetive Testing of Metals, 199~207

“  dye penetration imspection, 199-201

magnetic particle inspection, 201~207

>‘N ose Gear Launch Systen, 114-122
. pection, 121
%‘ication, 121 °
malfunctions, 121
"monthly-exerdise, 121
operation, 119-121

prelaupch fuhctional check, 119
prelaunch preparation, 119

o]

Officers, Leading Petty, 11-18
Organization, Division, 15-17

~>
~

- P

Pendants and Bridles, Launching, 114
Petty Officer Advancement Opportunities, 9
proficiency pay, 9
senjor:and master chief, § °
. warrant and commissioned officer, 10
Petty Officers, Leading, 11~18.
Pickle Switch, Figure 7-7,187 - °
Pilot Landing Aid Television {PLAT)
System,192-196 :
operation, 195’
Pressure Breaking Orifice Elbow Assembly,
Figure 4-25, 80
Proficiency Pay, 9
Publications Index (NAVSUP 2002), 82
Publications Procurement, 82 -
Purchase Cables, 174=-177
“Q" factorpl76-177

R

Bating, ABE
Rating Structure, Enlisted 1.
Recovery Log, 84
: Recovery Log Sheet, Figure 8-4, 36
Regpvery Wire Rope History Chart 34, 37
Release and Holdback Units, 114 .
Remote Control Panel, H/R, 186 .
" Reports agd Logs, 33-40
Request for Issure, 41
Retractable Sheave Operating Unlt,
Figure 6-21, 152
. Retracting Lever Installation, Figure 6-8,
: 134 -
* Retraction Systems of Steam Catdpults, 80-87




B

. Riehle Tester, 211 -
"Rockwell Tester; 210
Rotary Retraction Engine Figure 4-3, 49

: c —
- = 9 .
)
had —.4: - o~

Safety Precautions, 17

Saybolt Viscomszter, Figure 8-1, 198

Screw and Traverse Carriage, Figure 4-~5,
51

Senior and Master Chief Advancement
Opporturities, 9 o

Sheave Damper Assembly, Figure 6-17, 14

Sheave Damper Cylinder Components,
Figuré 6-38, 169

Sheave dx‘):oove

Sheaves, 150-1

Shipboard-Arresting” and Barricade Gear,
123-178-"

Shop Supervision and Adm"nistration,

19-45 :
allowing for planned interruptions, 21
inspection of completed work, 21
inspection of work areas, tools, and

equipment, 22
-m2intenance shop, 20 -
.management of shop and personnel, 19
organization and administration of safety
programs, 22
personnel work assignments, 20
setting up safe working conditions, 21

~

, Figure 6-23, 156

Special Tests and Test Procedures,
197~-214
Steam Catapult Launching Log Sheet,
. Figure 3-3, 33, 35
Steam Catapults 46-95
capabilities and limitations, 46
crew organization, 54-60 -
descriptiOn of comzonents, 46-54
maintenance procedures, 60~-95
bridle tensioning system, 87
launching engine system, ?1 -68
lubricatioh system, 68
retraction systems (linear and
rotary),.80-87
. steam system, 69-80
2 periodic inspections, 95
Steam Catapult Work (rough) logbook, 34
Steam Systém of Steam Catapults, 69~80
Steam Valve Breakdown, Figure 4-18, 78
-Supervision Principles, 14
« Supply, 40~-44 :
cufrent weapons equipment list
(WEL 1090), 40
custody cards, 44

nventories, 43 -
./ Navy stock list of aviation supply office,
' 40 3 N -

... preparation of a request for survey,
42 ,
request for issue, 41
surveys, 42

Suwei/sg 42 |

.

Technical Publications, 23-33 .
letter type, 23-31
maintenance-and filing of publications.
33 .
manual type, 31
* procurement of publications, 32
publications Index (NAVSUP 2002), 32

Television System. Pilot Landing Ald
{PLAT), 192-196
Tests and Test Procedures, Special
197-214 w
Training 12-15
conditions, attitudes, and habits 14
learning and Ieamlng processes, 13
methods of instruction, 12
personnel relationships, 15
principles 3f supervision, 14
-qualities of a good supervisor, 15

Troubleshooting, 90-92
electrical systems, 90-92

U -

Unsatisfactory Material/Condition

Report, 38-40 ..
UR Report Form, Figure 3-6, 39

v

. ‘ .
V-2 Division Officer, 16.
Visual Landing Aids, 179-198
- . ’

¢ c- )

w

)Xlarrant and Commissioned Officer
Advancement Opportunities, 9
. *Webbing Assemblies, 150
barricade, 150
218
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