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FOREWORD

The Mid-America Vocational Curriculum Consortium (MAVCC) is an organization
which consists of twelve states striving to develop needed instructional Materials. As
member states, Arizona, New Mexico, Colorado, Louisiana, Missouri, Arkansas, Texas,
Oklahoma, Kansas, Nebraska, South Dakota, and North Dakota selected Air Conditioning
and Refrigeration as one of the early priori! -.s.

a,

The success of this publication ib due, in large part, to the capabilities of the personnel
who worked with its development. Gary Wantiez, the technical writer, has numerous years
of industry as well as teaching experience. Joining him were representatives of each of
the states, all of whom having experiences in education and the trade. And, to be sure
all of the materials were technically accurate, many organizations were involved. Special
appreciation is extended to the National Environmental Systems Contractors Association
(NESCA), Associated Builders and Contractors (ABC), Refrigeration Service Engineers
Society (RSES), and the Coleman Company.

,
This publication is designed to assist teachers in improving instruction. As this

publication and the three other volumes are used, it is hoped that student performance
will improve and that students will be better able to assume a role in an air-conditioning
and refrigeration occupation.

Instructional material in this publication is written in terms of student performance
using mer:,ureable objectives. This ;s an innovative approach to teaching that accents and
augments the teaching-learning process. Criterion referenced evaluation instruments are
provided for a uniform measurement of student progress. In addition to evaluating recall
information, teachers are encouraged to evaluate the other areas including process and
product as indicated at the end of each instructional unit.

It is our belief that the teaching of this area should become more effective with
its use.

6

Don Eshelby, Chairman
Board of Directors
Mid-America Vocational

Curriculum Consortium

v



PREFACE

The importance of providing every student who is enrolled in an air-conditioning
and refrigeration training program with the very best and most complete basic training
possible cannot be over emphasized. This second in a s2ries of four publications of the
Air-Conditioning and Refrigeration curriculum was developed with the intent of-providing
the basic skills and knowledge tat the 'student will nee L as a good foundation from which
to build.

As our nation moves into an era of energy conservation and environmental protection,
the demands placed upon the air conditioning and refrigeration specialist become even
greater. Indoor environmental control requires an individual who has a very strong
foundation in the basics, in order to obtain maximum efficienCy from the climate control
equipment with a minimum of energy use.

This publication was developed wiTh the assistance of many individuals very
knowledgeable in the trade. Some of these individuals represent professional associations
and industry. Their assistance and devotion to this project is greatly appreciated It should
be emphasized that the udent needs to be made aware of professional trade associations
and take an active part ,n them as much as possible. The professional trade associations
are an excellent avenue for continuing education within the trade. Every student, instructor,
and all other individuals associated with this trade should develop the attitude of
"professionalism" in their endeavors.

Every effort has been made to make this publication basic, readable, and by all means,
usable. Three vital parts of instruction have been intentionally omitted from this
tiLbliLation. motivation, personalization, and localization The areas are left to the
individual instructors and the instructors should capitalize on them Only tnen will this
publication really become a vital part of the teaching-learning process

Gary .'V Vantiez
Writer

Ann Benson
Executive Director

vi
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USE OF THIS PUB'_ICATION

Instructional Units

The -Air Conditioning and Refrigeration, Book All curriculum includes six arecs. Each
area consists of one or more units of instruction Each instructional unit includes lame
or all of the basic components`of a unit of instruction performance objectives, suggested
activities for teacher and students, information sheets, assignment sheets, job sheets, visual
aids, tests, and answers to the test., Units are planriecl for more than one lesson or class
period of instruction.

Careful study of each instructional unit by the teacher will help determine:

A. The amount of material that can be covered in each class period.
B. The skills which must be demonstrated.

1. Supplies needed
2. Equipment needed
3. Amount of practice needed
4. Amount of class time needed for demonstrations

C Supplementary materials such as pamphlets and filmstrips that must be ordered.
D. Resource people that must be contacted

Objectives

Each unit of instruction is based on performance objectives. These objectives state
the goals of the course thus providing a sense of direction and accomplishment for the
student.

Performance objectives are stated in two forms unit objectives, stating the subject
matter to be covered in a unit of instruction and specific objectives, stating the stuck It
performance necessary to reach the unit objective.

Since the objectives of the unit provide direction for the teaching-learning process,
it is important for the teacher and students to have a common understanding of the intent
of he objectives. A limited number of performance terms have been used in the objectives
for this curriculum to assist in promoting the effectiveness of the communication among
all individuals using the materials.

Following is a list of performance terms and their synonyms which may have been
used in this material

Name Identify Describe
Label Select Define
List in writing Mark Discuss in writing
List orally Point out Discuss orally
Letter Pick out Interpret
Record Choose Tell how
Repeat Locate TO what
Give Explain

ski



Order

Arrange

Sequence

List in order
Classify.
Divide
Isolate

Sort

Distinguish

Discriminate

is*

. -

Construct

Draw
Make

Build
Design

Formulate
Reproduce

Transcribe
Reduce ,

Increase

Figure

Demonstrate Additional Terms Used
Show your work Evaluate Prepare

Show procedure Complete Make

Perform an experiment Analyze Read

Perform the step's Calculate Tell

Operate Estimate Teach

Remove Plan Converse

Replace Observe Lead

Turn off/on Compare State

(Dis) assemble Determine Write

(Dis) connect Perform

Reading of the objectives by the student should be followed by a class discussion
to answer any questiqns concerning performance requirements for each instructional unit.

Teachers should feel free to add objectives which will fit the material to the needs
of the -students and community. When teacher! add objeCtives, they should remember
to supt the needed information, assignment and/or job sheets, and criterion tests.

Suggested Activities

Each unit of instruction has a suggested activities sheet outlining steps to follow
in accomplishing specific objectives. The activities are tasted according to whether they
are the responsibility of the instructor or the ctlident.

()-

Instructor: Duties of the instructor will vary according to the particular unit, however,
for best use of the material they should include the following: provide students with
objective sheet, information sheet, assignment sheets, and job sheets, preview
filmstrips, make transparencies, and arrange for resource materials and people; discuss
unit and specific objectives and informatio i sheet, give test. Teachers are encouraged
to use any additional instructional' activities and teaching methods to aid students
in accomplishing the objectives.

Students: Student activities are listed which will help the student to achieve the
objectives. for the unit.

X I I
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Information Sheets

Information sheets provide content essential for meeting the. r.ognitiveAknovvIedge)
objectives of the unit. The teacher .wril find that information sheets serve as an excellent
guide for presenting, the hackgrouna knowledge necessary to d9velop the skfllsspocified
in theme unit objective.,''

, Students .should read the information sheets before t e information is di cussed in
cars Students may take additional notes on the inform ion sheets.
.
Transparency Masters

,

Transparency masters provide information in a *cial way 'the students m see
as well as, hear the material being presented, thus reinforcing the learning pro ess.
Transparencies may present new information or they may reinforce informition pre*nted,
in the information sheets. They are particularly effec..ve when identification is necessary.

Transparencies should be made and placed in the noteb6ok where they Will be
immediately available for use. Transparencies direct the cle -'s attention- to the topic of
discussion. They should tae left on the screen only when topic,: shown are under di,russion.

oti Sheets

J01 sheets are an important segment of each unit. The instructor should be able
to and in most situations should demonstrate the skills outlined in the job- sheets.
ProcedureS outlined in the job sheets give direction to the skill being taught and allow
both student and teacher to check student progress towa41 the accomplishment of' the
skill. Job sheets provide a ready outline for a student to follow if he has missed a
elemonstration. Job sheets also furnish potential employers with a picture of the skills
being taught and the performances he might reasonably expect from a person who has
hail t'ils training.

Assignment Sheets

Assignment sheet's give direction to study and furnish practice for paper and pencil
activities to develop he knowledges which are necessary prerequisites to skill development.
These may he given to the student for complet,on in class or used' for homework
assignments. Answer sheets are provided which may be used by the student anchor teacher
for checking student progress

Test and Eyaluattpn

Paper pencil and '-alt erfor mance tests have been constructed to measure' student
achievement of each objective listed in the unit of instruction. Individual test items may
be pulled out and used as a short test to determine student achievement of a particular
objesctivg This kind of testing may be used as a daily quiz and will help the teacher
spot difficulties being encountered by students in their efforts to compi,.. the terminal
objective. Test items for objectives added by the teacher should he construc terl and added
to the test

Test Answers

Test 'answers are provided foi each unit These may be used by illy tedchc,r dnd or
student for checking student achievement of the ObIPCtl \Ps

11



AIR CONDI110NiNG AND R-EFRIG,EIRATION
BOOK TWO

OCCUPATION,L INSTRUCTIONAL ANALYSIS

JOB TRAINING What the
Worker Should Be Able to Do

(Psychomotor)

,

RELATED INFORMATION Mat
',.he Worker Should Knaw .

(Cogn.tive)

SECTION A -UNIT I FUNDA1ViENTALS OF ELECTRICITY

4%.

r2

1. Distmquish between
direct anal alternating',

*current

2. List materials which are
good conductors of
electricity

3 List materiels which are
"good, insulators of
electricity

4. List the equation
symbols and equations
for ohms law

5. List three equations for
obtaining wattage

6.. LL.st three common
conversions of wattage

7. List the three items that
'make a complete
electrical circuit

3. Match terms to correct
basic electrical symbols

9. Identify a series circuit

10 State four rules for series -
circuit,.

11 elicuit

2
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10B TRAINING. What the
Worker Shook, Be able to Do

(Psychomotor )

S

i 15 Use ohm-'s law

RELATED INFORMATION
!he Worker Shook! Know

(Cognitive)

o'

What ........

12. State three rules for a

.. parallel circuit

1-6. Compute wattage

' 17. Select the nonsenes loads

18. Solder an electrical connection

4

13 Identify a series parallel
ctrc,

14. Match amperage loads tcci
wire saes

UNIT II ELECTRICAL TEST INSTRUMENTS

8. Read a voltmeter scale
...

9. Read .in animPter scale

1. List eleven safety rules

pertaining to electrical
test meters

- 2. List general rules for the
protection of electrical
test meters

3. Identify electricel test

instruments

4 Match the meter to its
application

5. List the procedure for
reading a -Meter scale

'6. Discuss three circuit,
conditions

7. Describe the procedure
for zeroing the ohmmeter

i

Y
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JOB TRAINING What the
Worker Should Be Able to Do

(Psychomotor)

10. Read an ohmmeter scale

11. Determine start, run and common
of a single phase motor

12 Use voltmeter

13 Use an ohmmeter

14. 41se a wattmeter

15 Use an ammeter

16 Use the hermetic analyzer

17 Use a capacitor analyzer

18 Test a capacitor with an ohmmeter

RELATED lNEOWIATION What
the Worker Should Kno,v

ICognInve)

UNIT III ELECTRIC POWER

1. Arrange in order the
steps for distributing
electric power

2 Distinguish between
single-phase and
three-phase currents

3 List three methods of
grc_ riding an 'electrical
circuit

4. Select the functions of a
o transformer

5 Discuss the types of
three-phase supply

6 Read an electric watt hour meter

SECTION B UNIT I BASIC ELECTRIC THERMOSTATS

1 Name three lyOf" Of

titer enosbitt,



JOB TRAINING tAihat tin
Worker Should Be Nil.. to Do

(Psy( hoinomr 1

RFLATED INFORMATION What
the Worker Should Know

(Cogni tive)

d 1111I(Ally hiilh 10 ( 0r-A

terminals

15
XVIII

2 Identify parts of a low
voltage thermostat

3. Identify parts of a

millivolt thermostat

4. Identify parts of a line
voltage thermostat

5. Identify types of
thermostat contacts

6. Identify shapes of
thermostatic himetals

7 Discuss the operation of
a thermostatic bimetal

8. Discuss thermostat
anticipation

9 List the characteristics of
two-stage thermostat

10 Discuss the advantages of
a time controlled
thermostat

11 Select from a list
guidelines for coffer tly
instolling a room
thermostat

12. Lilt the applications of
low voltage, millivolt,
and line voltage
thermostats

13. Match the low voltage
thermostat subbase
terminal markings to the
proper conmonent

4
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08 TRAINING. What the RELATED INFORMATION: What
Worker Should BE Able to Do the Worker Should Know

(P3ychomotoi ) (Cognitive)

15. Determine heat anticipation

16. Install a waif thermostat

UNIT RELAYS

12. Wire a hot wire relay

i. Identify motor starting
relays

2. Identify control relay
switching symbols

3. Match the components to
the correct relay terminal
markings that they
connect to

4. List the ;pecifications of
motor relays

5. List the specifications of
a contactor

6. Discuss the
characteristics and types
of time delay relays

7. Draw the connecting
wiring of a hot wire relay

8. Dr'aw the connecting
wiring of a currt nt relay

9. Draw the connecting
wiring of a potential
relay

10. Draw the connecting
wiring of a fan relay

11. Draw the connecting
wiring of a contactor



JOI TRAINING What-the
Worker Should Re Al)f, to Do

(Psychninotor

RELATED INFORMATION What
the Worker Should Know

(Cognitive

13. Wire a current rcIdy

14. Wire a potential relay

15. Wire a fan ielay

16 Check relays with an ohmmeter fir

17. Check relays with a voltmeter

18 Check relays with an ammeter

UNIT III PROTECTION DEVICES

XX

1 Identify types of
overcurrent Protection
devices

2 Describe the operation of
a single element fuse

3. Describe the operation of
a time delay fuse

4 Describe the operation of
a circuit breaker

5 List national electrical
code requirements
pertaining to fuses for
less than 600v

6. List f, it national
electrical code
requirements pertaining
to circuit breakers for
less than 600v

7 identify the types of
pressure actuated
protection devices

8 Describe the pressure
actuated protection
devices

9. Identify the types of
electrical - system
protection devices

10 Describe the electric,'
system protection devices

17



JOB TRAINING: What the RELATED INFORMATION What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

11. Adjust a high pressure switch

12. Adjust a low pressure switch

13 Instal' a lockout relay

14 Check a solid state compressor
motor protector

UNIT IV CAPACITORS

X X I

18

1 Discuss the role of
capacitors in the
operation of motors

2. Identify the types of
capacitors

3 Discuss the run capacitor
identified terminal

4. List the causes of
capacitor failure

5. List the factors to
consider when replacing
capacitors

6. Solve problems for
capacitors wired in series
and parallel using the
formulas given

7 Draw connecting wiring
for a start capacitor with
a current relay and a start
capacitor with a hot wire
relay

8. Draw connectir g wiring
for a start capacitor with
a potential relay

9. Draw connecting wiring
for a run capacitor with
a permanent split
capacitor compressor
motor



JOB TRAINING What the RELATED INFORMATION What
Worker Should Be Ah le to Do Worker Should Know

(Psychomotor (Cognitive)

11. Wire a start capacitor with a
current or hot wire rclay

12. Wire a start capacitor with a
potential relay

13. Wire a run capacitor with a P
compressor motor

14. Wire a run capacitor with a CSCR
compressor motor

15 Determine microfai ad faun] of a
capacitor

1;0 Draw connecting wiring
for capacitors with a

capacitor start capacitor
run compressor motor

SECTION C UNIT I INTRODUCTION TO ELECTRIC MO1 0-RS

xx,, 19

List safety rules

pertaining to working
with e;ectric motors

Discuss magnetism

3 Discuss magnets in an

induction type motor

4 List five types of
single-phase motors

5 Identify par ts of an open
motor

6 'den ti'y the common
types of motor mounts

7. Discuss motor enclosures

8. Discuss

motors .

three phase



JOB TRAINING What the
Worker Should Be Able to Do

(Psychomotori

RELATED INFORMATION What
the Worker Should Know

(Cognitive)

9. List the information
provided on a motor data
plate

10. Identify the types of
rsoakor V pul;eys

11. Solve problems using a
method for determining
pulley size

12. List causes of motor
problems

13. List remedies of motor
problems

14. Determine length of a V-belt

15 Adjust V belt tension

UNIT II SPLIT-PHASE MOTORS

20
xxui

1. State the horsopower
range of split-phase
motors

2 List applications of
split phase motors

3. List the two windings
of a split phase motor

4. List the characteristics of
the windings in a

split phase mntor

5. Discuss the purpose of
the starting switch

6. Identify the components
of a split phase motor

7. .- Identify tht. split-phase
motor leads by NEMA's
code



JOB TRAINING What the
Worker Should Bo Able to Do

(Psychornot,,r i

11. Wire a split-phase motor :o a
240 VAC supply

12. Disassemble, inspect, clean, and
reassemble a s;.l,t base motor

RELATED INFORMATION What
the Worker Should Know

(Corrnitive)

R. Match code number to
color code of motor leads

9 Identify the directions of
rotation

10. Identify the motor power
wirings

UNIT III SHADED-POLE MOTORS

21
XXIV

1. List five applications of
shaded pole motors

2 Discuss the .stator
construction of the

shaded pole motor

3 Match number of poles
to Ill.-) correct motor
RPM

IL .

4 List two disadvantows of
shaded-pole motors

5. List the voltages for
shaded-pole motors

6 Discuss the methods of
reversinq rotation of
shaded pole motors

7 Discuss the methods of
varying the speed in
shaded-pole motors

R State the most common
remedy of shaded polti.
motor failure



JOB TRAINING. What the RELATED INFORIOATION Wha,
Worker ,Should Be Able to Do the Vlorket Should Knov,

(Psychomotor) 1Counitiv,?).

UNIT IV- CAPACITOR MOTORS

1. List tv,o types of
capacitor motors

2. Discuss the

characteristics of
capacitor motors

3. Discuss C.S.I R. motors

4. Discuss C.S.R. motors

5. Discuss P.S C. motors

6. Identify the wiring
diagrams of C.S

C.S.R.and P.S.0 motors

7 Reverse the rotation of a P.S.C.
motor

8 Start a seized hermetic comcressor
motor

UNIT V' THREE-PHASE MOTORS

22
X X V

1. List the three major
types of three-phase
motors

2. Discuss the electrical
characteristics of a

three-phasc, motor

3.i Distinguish between a

symbolic drawing of a

delta wound motor and a
symbolic drawirq of 3

wye "Y" wound motor

4. Discuss the synchronous
motor

5. Discuss the squirrel cage
motor



JOB TRAINING What the
Worker Should Be Able to Do

(Psychomotor )

es

C'4.3

RELATED INFORMATION. What
the Worker Should Know

(Cognitive)

6. Discuss the wound -rotor
motor

7. Describe the procedure
of reversing the rotation
of a three phase. motor

SECTION D--UNIT I: WIRING DIAGRAMS
0

7. Draw a basic ladder schematic

8. Draw current relay wiring diagrams

9. Draw potential relay wiring diagrams

10. Draw hot wire relay wiring diagrams

11. Draw gas furnace wiring diagrams

12. Draw outdoor condensing" uni: wiring
diagrams

13.: Draw _electric furnace wiring diagrams

14. Draw indoor air handler arid outdo°r
condensing unit wiring diagram

15. _ Draw a domestic refrigerator wiring
diagram

16. Draw' a ladder schematic by looking
at a domestic refrigerator

' XXVi

1. Identify wiring diagrams

2.
a pictorial wiring diagram

3. List the characteristics of
a hematic wiring

,

diagram

List the characteristics of

4. List the major steps in
building a ladder
schematic

-,

5. Discuss the schematic .
legend

...

6. Match schematic symbols
to component name

23

v.
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JOB TRAINING What the RELATED INFORMATION What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)
?

17. Draw a ladder schematic by
looking at a window air conditioner

4

18. Draw a ladder schematic by looking
at a system with. a low voltage

I control circuit

SECTION E--UNIT I DOMESTIC REFRIGERATION FUNDAMENTALS

1 identify types of
domestic refrigeration

2. ` Identify refrigerator
cabinet hardware and
trim

3. List information given on
a refrigerator data plate

.::

4. List three common
locations of refritjthator

,data plates . ..,

5. List two major reasons
why a refrigerator should
be transported upright

6. List six common
domestic refrigerator
problems

7. Remove and replace breaker trim

8. Adjust a door

UNIT II. SEALED SYSTEM COMPONENTS

1. List the sealed system
components of a

domestic refrigerator

,

24 ,xv

2. Discuss the function of
the sealed system
components in a

domestic refrigerator

3. Identify types of
evaporators

4. List the Incations of
evaporators

2



JOB ?RAINING: What the RELATED INFORMATION.
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

9. Replace a compressor motor

10. Install a low side service stub
on a reciprocal compressor

11. Install service stubs in
refrigerant lines

12. Replace a capillary tube

What
11

'5. Identify types o of
compressors

6. Identify types of
condensers

7. List the locations of
condensers

8. List the information
needed when replacing a
capillary tube

13. Install a I:quid line filter-drier

UNIT III. DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTROLS

List eight domestic
refrigerator heaters

Discuss loc'ation of
heaters

3. Discuss the purpose of
refngeratbr heaters

4. Identify
controls

electrical

5. Discuss location of
electrical controls

6. Discuss hot gas defrost
components

7. Discuss electric defrost
components

o

8. List two off cycle defrost
components

25 4



JOB TRAINING. What the RELATED INFORMATION: Wfiat
Worker Should Be Able to Do Ole Worker Should Vlov.,/ (Psychomotor) (Ccritive)

.9. Name the heater circuits

102 Name the controls

11. Diagnose circuit problems

12. Replace a temperature control

13. Replace a defrost heater

UNIT IV - MECHANICAL. SERVICING OF DOMESTIC REFRIGERATORS

9. Repair an evaporator with epoxy

10. Evacuate and charge a refrigerator
which has only a low side service
valve

X XIX

26 *.

1. List three types of leak
detectors

2 Discuss the indication's of
a refrigerant Leak

3. List three corm-rim
mechaniCal system
failures

4. Discuss the
characteristics of a

compressor with
defective valves

Discuss5. the
characteristics of a

restricted capillary tube

6., List the characteristics of
an overcharged system

7. Discuss compressor" burn
out

List the steps in cleaning
a system after burn out



JOB TgRAINING: What tie RELATED INFORMATION: What
Worker Should Be Able ,to Do the Worker Should Know

(Psychomotor) (Cognitive)
4

1,. EVacuate and charge a refrigerator
which has only a high side service
valve

Clegn a system after burn out

13. Clean a restricted capillar/ tube

14. - Repair an evaporator by aluminum
brazing

15. Check efficiency of a compressor

UNIT V TROUBLESHOOTING DOMESTIC REFRIGERATORS

1. List the steps in a

systematic approach to
troubleshooting

2. List the preliminary
checks to be made when
troubleshooting a

refrigerator

3. List the steps in checking
a nonoperative
cornpressc,-

4. Discuss the procedure in
troubleshooting a

frost-free refrigerator

5. Demonstrate the ability to diagnose
refriwratc, complaints

UNIT VI DOMESTIC REFRIGERATOR ICE MAKERS

X X X 27

1. Identify three types of
ice makers

2. Identity the pictorial and
sditematic wiring
diagrams for each of the
three types of ice makers
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JOB TRAINING What the
Worker Should Be Able to Do

(Psychomotor

13. Install a refrigerator equipped
with an ice maker

14 Disassemble and clean a water
fill valve

15. Replace thermostat in a crescent
shape cube ice maker

RELATED INFORMATION What
the Worker Should Know

(Cognitive)

3. Discuss the operation of
the crescent shaped cube
ice maker

4. Identify the parts of a
crescent shaped cube ice
maker

5. Match the problem of the
crescent shaped cuhe ice
maker to the checks and
remedies

6. Discuss the oneration of
the five cavity ice maker

7. Icier My the parts of the
five cavity ice maker

8. Match the problem of the
five cavity ice maker to
the correct remedies or
checks

9 Discuss operation of the
-flex tray ice maker

10. Identify the parts of the
fiex tray ice maker

11. Match the problem of the
flex tray ice maker to the
correct remedies

12. Identify water valves and
their components



JOB TRAINING' What the
Worker Should Be Able to Do

(Psychomotor)

16. Replace mold seal, bearing and
retainer in a five cavity ice
maker

17. Adjust v;ater valve switch in a

flex tray ice maker

18. Replace mold heater in a crescent
shape cube ice maker

RELATED INFORMATION: What.
the Worker Should Know

(Cognitive)

SECTION F--UNIT I FUNDAMENTALS OF WINDOW AIR CONDITIONERS

1. List t e five functions of
an air conditioner

2. Identify window air
conditioner cabinet parts

3. Identify window air
conditioner parts

4. Match electrical
receptacle design to
voltage and amperage
requirements

5. Match wire size to
current carrying capacity

6. Identify parts of the
window

7. List the procedure for
installing a window air
conditioner

8, Discuss major
components of window
air conditioners

9. Install d window air conclitionei

.MET II WINDOW AIR CONDITIONER REPAIR

1. List the information
given on a window air
conditioner data plate

29
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JOB TRAINING' What the RELATED INFORMATION. What
Wes- :er Should Be Able to Do the Worker Should Know

. (Psychomotor) (Cognitive)

5 Check control switch with an ohmmeter

6. Clean condenser

7. Replace a fan motor

8. Install a hard start kit

/

`', ,' ,,Ilt
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2. Discuss compressor data
plates

3. Identify
components

schematic

4. Match window air
conditioner problems to
remediei, and checks __
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(NOTE: These are the recommended took and equipment necessary for an air-conditioning
and refrigeration training program.)

Screwdrivers
1. Standard slot
2. Phillips
3. -:- Clutch head
4. Stubby
5. Offset

Wrenches
1. Open end
2. Box end
3. Combination
4. Adjustable open end
5. Pipe

6. Flare .nut

Pliers

1. :Slip joint
2 Slip groove
3. 0, Long nose
4. Diagonal cutters
5. Plicr wrench
6. Pinch-off

Hammers
1

2

3
4.

Ball peen
Soft face
Sledge

Claw

Punches,' Chisels, and Bars
1. Pin punch
2. Center punch
3 Flat chisel
4. Pry bar
5 Scratch awl

Files
1. Fiat
2. Half round
3 Round
4 Point

5, Slim taper
6 Handle

xxxv
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Socket
1.

2.
3.
4.
5.
6.
7.

sets
Ratchet handle
Socket
Deep socket
Hinge handle
Extension
Speed handle
Universal joint

Tubing tools
1. Flaring tool
2. Tubing reamer
3. Flaring block
4. Cutter
5. Double flare punch
6. Swage punch
7. Lever type bender
8. Bending spring

Accessory hand tools
1. Wire strippers
2. Drop light
3. Oil can
4. Hack saw
5. Screw starter
6. Safety glasses
7. Nut drivers
8. Level
9. Hex-key wrenches

Threading too's
1. Tap
2. Die
3. Die stock
4. T-Handle tap wrench
5 Hand tap wrench

Refrigeration gauge sets

Leak detectors
1. Soap solution
2. Halide torch
3. Electronic

,,



Drill motors
1. Straight
2. Offset

Drill bits
1. Twist
2. Wood
3. Masonry

Bench grinders

Vises

1.

2.

Pullers
1.

2.

3.

Berich
Pipe

Wheel

Bearing
Gear

Thermometers
1. Pocket
2. Remote bulb
3. Flue and stack
4. Thermal electric

Recording thermometers
1. Manual wind
2. Electric

Hygirometers
1. SI i ng-psych rom ete rs

2. °Dial type
3: Humidity recorders

Vacuum pumps
1. Low vacuum
2. Deep vacuum

Vacuum indicators
1. Compound gauge
2. Mercury manometer
3. Thermocouple micron gauge

Capillary tube cleaner
1. Manual type
2. Hydraulic type

Charging cyl inders

Service valves
1. Hermetic service valve kit
2. Access valves (core type)
3. Process tube adapters
4. Line piercing valves

Sc ales

Fin combs

Oil pump

Combustion testing kit

,

Air meters .

1. Aneometer
2. Pi tot tube
3. Inclined manometer

Appliance truck

Knock-out cutter

Combination pattern snips

Hand notcher
.6

Hand seamer

Riveter

Riveting hammer

Y

32
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Aviation snips
1. Right hand
2. Left hand

Double cut snips

Hand crimper

Refrigeration ratchets

.7



Air propane torch
Torch handle
Regulator
High temperature wraparound flame tip
Standard tips

1. Small
2. Medium
3. Large

Halide leak detector
Soldering copper
Liquified petroleum cylinders

1. 2 1/2 lb capacity
2. 20 lb capacity

Hose--B size with left hand nuts
Striker-

Air-acetylene torch
Torch handle
Regulator
Hose

Tips
1. No. 1--Very fine pointed flame
2. No. 2 --Fine
3. No 3-Medium
4. No. 4-Medium large
5. No. 5- Large
6. No. 6- Extra large

High temperature wraparound flame tip
Halide leak detectors
Soldering copper
Acetylene tanks

1. "B" tank, 40 (111 ,c root
2 "MC" tank, 10 -tunic foot

Striker
Cylinder wrench

ONoicetylene torch
1 , Oxygen reyulator
2 Acetylene regulator
3 Torch handle
4 Cutting attachment
5 Welding tip
6 Cutting tip
7 Twin hose
8 Goggles
9 Str er

10, Car t
11, O>,.()en cylinder
12. Acetylene cylinder

\ X XVi
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Electric welder and equipment
1. Electric welder
2. Electrode holder
3. Ground clamp
4. Shield
5. Gloves
6. Chipping hammer
7. Safety goggles
8. Wire brush
9. Electrode

Electr ,al test instruments
1. Voltmeter
2. Ohmmeter
3. Mult'irnter
4. Wattrrveter
5. Ammeter
6. Millivoltmeter
7. Hermetic analyzer
8. Capacitor analyzer
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ACR II 1-A

FUNDAMENTALS OF ELECTRICITY
UNIT I

UNIT OBJECTIVE

Alter completion of this unit, the student should be able to match terms associated with
electricity to correct definitions, andlist materials which are good insulators and conductors

* of electricity. The student should be able to distinguiSh between a series circuit, a parallel
circuit, a series- parallel circuit. The student should also be able to use ohm's law to calculate
voltage, current, and resistance, and compute wattages. This knot ledge will be evidenced
through demortstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES
)

After completion of this unit, the student should be able to:
e

1. Match terms associated with electricity to the correct definitions:

2. Distinguish between direct and alternating current.

3. List materials which are good conductors of electricity.

3,

4. List materials which are good insulators of electricity.

5. List the equation symbols and equations for ohm's law.

6. List three equations for obtaining wattage.

7. List four common conversions of wattage.

8. List the three items that make a complete electrical circuit

9. Match terms to correct basic electrical symbols.

10. Distinguish between a series, parallel, and series- parallel circuit.

11. State four rules -.for series circuits.

12. State three rules for a parallel circuit.

13. Match amperage loads to wire sizes. ii

14. List items of concern when working with solid state controls.

38
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15. Demonstrate the ability to:

a. Use ohm's law.

b. Compute wattage.

c. Select the parallel loads.

d. Solder electrical wire.

39
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ACR II 31A

,/
FUNDAMENTALS OF ELECTRICITY

UNIT/ I

SUGGESTELT7ACTIVITIES

I . Instructor.

A. Provide student with objective sheet.

B. Provide student with information, assignment, and job sheets.

C. Make transparencies.

D. Discuss unit and specific objectives.

gs.
E. Discuss information, assignment, and job sheets.

F. Show students charts, films, and other supplementary material.on electrical
fundamentals.

G. Show students how to calculate problems.

H. Give test.

II. Student:

A. Read objective sheet.

B. Study information sheet.

C. Complete assignment and -fob sheets.

D. Take test.

INSTRUCTIOOkL MATERIALS

I. Included in this u,i1c:

A. Objectiva sheet

B. Information sheet

C. Transparency masters

1. TPA 1--Memory Aid for Ohm's Law

2 2-- bols

3. TM 3--Symbo s (Continued)

40
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4. . TM 4--Series Circuit

5. TM 5-- Parallel Circuit

6. TM 6-Series-Parallel Circuit

D. Assignment sheets

1. Assignment Sheet #1--Use Ohm's Lai,

2. Assignment Sheet #2--Compute Wattage

3. Assign- r.)t Sheet #3--Select the Parallel Loads

E. Answers to assignment sheets

F. Job Sheet #1--Solder Electrical Wire

G Test

H Answers to test

II. References:

A. Wmorfrr.,,i, winiarn W. Serwc g Comfort Cooling Systems Columbus, Ohio:
NHAW Home Study Institute, 1974.

B ' %leaf, Harry. Electricity One-Seven. New York, New York: Hayden Book
Co , 1966.
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ACR H - 5-A

FUNDAMENTALS OF ELECTRICITY
UNIT I

INFORMATION SHEET

I Terms and definitions

A Electrons Negatively charged particles

B 'oltd state-Electrical circuit containing semiconductors

C Conductor -Any material with the ability to permit passage of electrical
curr-3nt

D. Insulator Material with an e> mely high resistance to current "ow

E Voltage (EMF) Potential difference which causes current to flow

F, Current-Plow of electrons through a conductor measured in amperes

G Resistance-Opposition to current flow measured in ohms

H. iVatt-Unit of power measurement

I Inductance Property in an electrical circuit which opposes any change in
the existing current

J Capacitance Factor in an electrical circuit that allows for the storage of
,-,!7ctrical charges and opposes any change in existirg voltage

K. Impedance -Total opinsition in an electrical circ...it to the fl ow of alternating
current

L. Power factor-Ratio of true power to Pppa re n t power required

M Semiconductor Conductor which has a resistance value in between a good
conductor and an insulator

(NOTE; Within limits, the conductance will ncrease with temperature
decrease.)

N Ccunter EMF-- Voltage induced in a conductor which is moving through
a magnetic field in opposition to the source voltage

(NOTE. This is a generator action deve:o' ped within every motor.)

0. Hertz (cycle) One complete reversal of an alternating current from positive
to neg'ative and back to the starting point in one second

P Pa -iel circuit Current has i .ore than one path it can take
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6-A

INFORMATION SHEET

O Series circuit Current has only one path it can ,take

R. Series-parallel circuit Electrical circuit consisting of both series and parallel
components

S Branch--That portion of a total circuit which is independent of other
portions vvith each receiving full supply voltage

(NOTE A circuit may have several branches rirallel to each other )

T Low Irne voltage-Decrease in voltage available to a power consumir g device

U. Load-Power consuming device

$ Direct and alternating current

A Direct cur rent

1. Supplied by

zi. Ge _rator

b Battery

1) Dry cell

2) Wet cell

2 Fluvvs ii rme direction only

Abbreviated as DC

E3 r1!l rnaung current

1 Supplied by an alternating current generator (alternator)

F IONS in one direction then reverses and flows in the opposite
direc.

3 Abhies.nated as AC

1u JorS u( eler,tricity

A Siver

N() FE Ilds the least resistance to current flow.)

8 Criorier

C (iuhr

!) Alurruntrel
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INFORMATION SHEET

E Tungsten

F Zinc

G Brass

H Platinum

Iron

ACR II 7-A

J Nickel

K Tin

L Steel

M Lead

N Mercury

O Nichrome

(NOTE Nichrome hac the highest resistance to current flow.)

P Air

Q Water

(NOTE Air will cor.Juct electricity iir,der certain humidity conditions, and
water will cormuct electricity when it contains certain trace minerals.)

IV Insulators of electricity

A Glass

B Rub Ler

C Plastic

D Wood

E Ceramic

F Mica

V Ohm's law

A Establishes a matt.ematical relationship ')etwcen

1 Potential (ioltage)

(NOTE This is electromot. orce (EMF), also called electrical
pressuri
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INFORMATION SHEET

2 Current flow (amperage)

3 Resistance (ohms)

B. Equation symbols

1 E Potential measured in volts

2 I - Current flow measured in amperes

3 R = Resistance measured in ohms

C Equations (Transparency 11

1 E-IxR
2 -I=ER
3. R - PI

VI 'A'atts lave lot DC Pl11.Vel

(NOTE This law also works for AC resistive circuits such as electric heaters.)

A Establishes a mathematical basis for the amount of work done

(NOTE The amount of wattage is the basis of the electric bill.)

B Equations for obtaining wattage

(NOTE P is the letter symbol for power measured in watts )

1 P E-- I

2 P 12 x R

3 P E2/R

VII. Common conversions of ,.,,ittage

A 1 000 watts = I kilowatt ikw)

B ,000,000 watts 1 megawatt

C 746 watts 1 horsepower (hp)

D. 1 watt hour 3 413 b t u 's
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ACR II 9-A

INFORMATION SHEET

VIII Components of a uomolete electrical circuit

A Power source

B Connecting wiling

C Load

(NOTE A fourth item is often added to this list vvii,ch is a sv,,,itch or control.)

IX Electrical symbols (Transparency 2)

A Capacitor

Col

C Contacts

Normally Open (N.0 1 Normally Closed (N C
D Conductors

L. Fuse

F Fusible link

Crossing Junction

G Ground connection

H. Light

I Resistor or resistance heater

J Multiple conductor cable

K Thermocouple

L 71-ansformer

M Thermal overload

'1\t/\/`--------

--\
1

--*71

--o-ra-o---
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N Bimetal iwitch

O Thermistor

P Connectors

INFORMATION SHEET

\_P

>
Female

/

throw (SPST)

Male

Q. Switches disconnect 100_ __

R Single pole single

S Single pole double throw (SPDT)

T Double pole double throw (DPDT)

0
U Push button (normally open)

Push button (normally closed)

1/V Pressure switches

Opens on
X iiture

Pressure

0 0

0 I 0

crC5
Opens on Pressure DropRise

0

.Pe.ii,anent split capacitor motor Close on Rise

Single :1010r

Open on Rise
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ACR 11 11-A

'NFOPMATION SHEET

AA Three phase motor

IF
X. Senes, parallel, and series-parallel circuits

A Series circuit (Transparency 3)

B. Parallel circuit (Transparency 4)

C. Series parallel circuit (Transparency 5)

XI Rules for series ciuits

A The current is the same throughout the circuit

B. The sum of the voltage drops around a series circuit will equal thesupply
voltage

C. The largest ,.;o!tage drop occurs in the component with the highest resistance

D The sum of the resistances of the components equals the total resistance

XII Rules for parallel circuits

A. Total current equals the sum of the current in all branches

B Voltage is the same across all branches

C. Total resistance is always less than the smallest branch resistance

48
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INFORMATICN SHEET

XIII Amperage loads and wire sizes

GENERAL PURPOSE

Maximum Motor

Wire Allowable Size Horse Power

Size Capacity Single Phase 3 Phase

AWG Amps 115V I 230V 230V

14 15 3 4 2 3

12 20 1 3 5

10 30 2 , 3 7-1/2

8 40 3 5 10

6 55 3 7-1/2 15

4 70 5 10 20

(NOTE AWG stands for American Wire Gauge.)

XIV. Items of concern when working with solid state controls

A. electronic signal wiring in shielded cable or metallic conduit to avoid
electrically nosy locations

Example Fluorescent i.ghts, commutating switches, strong alternating
field motors

B Voltage surge

C Replaceable !nodules fot field repair

(NOTE. The warranty on most solid state controls is void if the cover
his been removed for held repair )

D Exposure to excessively hilh temperatun will damage solid state devices
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Capacitor

Coils

Contacts
nanni\--

1 1-- --1*
Open Closed

k

o ndu ct ors\

Fuse

Crossing Junction

Fusible Link Cr\

Ground
Connection

tight

-I
M 51
N

_i_

Symbols
Resistor ww--

Multiple
Conductor
Cable

Thermocouple

Transformer

Thermal
Overload

Bimetal
Switch

Thermistor

Connectors

ry-y--,,--)

--o-r;Cro--

Male Female

Switch

Disconnect

Single Pole
SingleThrow

-----°' SPST

Single Pole
Double throw

o
---0-------_____zy SPDT

Double Pole
DoubleThrow

o o----Z-
o on- DPDT

Push Button
II

o 0
(Normally Open)

Push Button
0 11 Q

(Normally Closed)
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Pressure

Temperature

Temperature

NO 'NC

Close on Rise

Open on Rise

Symbols
(Continued)

Permanent Split
Capacitor Motor

Three Phase
Compressor Motor

Single-Phase
Motor
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I

Series Circuit

,

Transformer

) Thermostat

Heat
Anticipator

Valve

c

o

56 i),
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Transformer

)
Primary -.

)

57

Parallel Circuit

Secondary

>-

Manual
Reset
Valve

Operative
Valve

Branch Circuits

58



Transformer

Primary

59

1

Series-Parallel Circuit
Thermostat

A

CHigh
Limit
Switch

Secondary Manual
Reset
Valve

Push
Button
Switch

Heat Anticipator

...

Operative
Valve

60 L i



FUNDAMENTALS OF ELECTRICITY
UNIT I

ASSIGNMENT SHEET =1- -USE OHM'S LAW

Use ohm's law to solve the following problems

2

I = ?

("..1) E =120V

1=4 Amps

E=120V

4

R1 =4"

R1-
7

1=20 Amps

1=10 Amps.

Anc

Ans.

S

1:11 ,12 tt

A 'is

r

r-

ACR II 25-A

JO
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ASSIGNMENT SHEET 41

1=3 Amps

1= 5 Amps.

I 0 4 Amps

_.,

Ans

R1= 48 1/

Ans.

R1=110 11

R1 -2

62

Ans

Ans



FUNDAMENTALS OF ELECTRICITY
UNIT I

ASSIGNMENT SHEET #2-- COMPUTE WATTAGE

Use the equations below to solve the following problems.

P- E x I, P= 12 x R, P= E2/R
1=60

1

1

E=240V

1=20

i

L
5

2

,-----N,

T

E=240Vii
I

1

I

3

4.

5

-.......,-

r

1

. I -125

Ans. P=

Ans. P=

R=2.4 -n-

Ans. P=

-1, 1 1

t, ---1--,,

( '-\-1)
1 1 \----r-

i
1

_

E=240V'
Ans. P=

E- 24V

63
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FUNDAMENTALS OF ELECTRICITY
UNIT- i

ASSIGNMENT SHEET #3--SELECT THE PARAL_EL LOADS

Directions: Select the loads in the following circuits which are wired parallel to the voltage
source, and which are not in serie3 with another load. Place the appropriate load designating

Inumbers in the space provic'ed for each circuit at the of the page.

(A, 1 (B)

(C)
(E)



FUNDAMENTALS OF ELECTRICITY
UNIT I

ANSWERS TO ASSIGNMENT 'SHEETS

Assignment Sheet I'M

1 30 amps

2 30 ohms

3 240 volts

4 440 volts

5 40 ohms

6 24 iolts

7 4 amps

8 60 ohms

,2Ass:in'llent Sheet -;t2

1, 14 4 kw 14,400 watts

4 8 k 4,800 watts

74 K,,% 24,000 rvatts

4 ;)f),000

96 watts

`.heft 41

f 1

65
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FUNDAMENTALS OF ELECTRICITY
UNIT I

JOB SHEET =1 SOLDER ELECTRICAL WIRE

Tools and materials

A Soldering gun

B Diagonal cutters

C Long nose pliers

D Wire strippers

E Safety glasses

F Rosin core solder

G Tvio 6-inch nieces stranded copper ,vire

H Wire terminal

Procedure

A Put on safety glasses

B Stein inch of insulation ftorn the end of each \t,.,0

6C

ACR I I 33-A
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JOB SHEET #1

C Twist the wire until it forms a solid wire (Figure 1 )

STRAIGHT SPLICE

1) Bend 90' Angles
in Both Conductors

3) Hold One Conductor Secure
While Wrapping the Other

2) Hook Conductors
Together

FIGURE 1

Clean tip of soldering gun

4) Finished Straight Sohce

E. Place the splice c -1 the work bench

(NOTE The splice 5.hr)uld not touch the bench.)

F Heat soldering gun tip

C App'y a small amount of solder to the tip

H Hold the soldering gun on the splice



SOB SHEET #1

I. Apply solder to the splice (Figure 2)

Sol per

ACR II - 35-A

FIGURE 2

J. ReMove the solder when the splice fills

K. Strip other end of wire

L. Heat bare wire with soldering gun

M Apply solder until it fills all strands

(NOTE: This process of applying a coating of solder is referred to as
tinning.)

N. Crimp a wire terminal onto the tinned portion of wire

0. Heat the terminal with the soldering gun (Figure 3)

P. Apr', solder

FIGURE E-3

Remove gun after solder flows

R Have the instructor inspect

S. Clean up and put ay.ay tools

nn

5,,
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::UNDAMENTALS OF ELECTRICITY
UNI , I

NAME

TEST

1 Match the terms on the right to the correct definitions

a Conductor which has a resistance wilue 1. Resistance
in between a good conductor and an
.-,sulator 2 Electrons

3 Impedance
b Material with an extremely high

resistance :o current flow 4 Semiconductor

c. Ratio of true power to apparent power 5 Watt

requirrd
6 Solid state

d Negatively charged particles 7. Her tz (cycle)

e One collplete reversal of an alternating 8. Insulator
current ti-om positive to negative and

iback to the starting point in one second 9, Counte EMF

10. Inductance
f. Unit of power measurement

11 Voltage (EMF)
g. Voltage induced in conductor which

is moving through a magnetic field in
12. Capacitance

opposition to the source voltage 13 Conductor-

h. Electrical containing 14 Power factor
erniconductors

15. Cur rent

i. Potential difference which causes current
16 Parallel circuit

to flow
Sf`t Ws circuit

Property in an electrical circuit which
opposes any change in the existing 18 Serie s pdrallr

circuitcurrent

19 Bruirch
k Flow of electrons through a conductor

measured in amperes 20 toe! line voltdqe

Any material with the ahility to permit 21 !_

passage of electrical current

69
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m. Factor in a- 'lectrical circuit that allows
for the s),iage of electrical charges and
opposes any change in existing voltage

o Opposition to current flow measured in
ohins

o. Total opposition in an electrical circuit
to the flow of alternating current

p That portion of a total circuit which is
independent of other portions with each
receiving full supply voltage

q Current has only one Math it can take

r Power consuming device

s Electrical circuit consisting of both series
and parallel comoonents

Decrease in voltage available to a power
consuming device

u Current has more than or r)dtil it can
take

2 Diconcuish between direct and alternating current by placing "AC" in front of
the items that refer to alternating current and "DC" in front of the items that
refot to dir, ct current.

a Flows in ( ne direction then reverses and flows in the oppo e direction

i) Dry cell brititer

Supplied by alter n,iting current generator (alternator)

el I- lows in unr direction pr')/

Supplied by d generator

3 ion rn dr,) g mi condor tots (it electricity

I)

70



d.

f

9

h.

1

4. List five materials which are good insulators of electricity.

a.

b

c.

d.

e.

5. List the equation symbols and equations for ohm's law.

a Equation symbols

1)

2)

3)

b Equations

1)

2)

3)

6 List three equations for obtaining wattage.

a

b.

c.

7 List four ccmmon conversions of wattage.

a

b

71
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8 List the three !tern, that make a complete electrical ClICLat

a

9 Match terms to the correct basic electrical symbols.

a Single pole single throw (SPST)

Ground connection

Cinacitor

d Push button (normally open)

1

2

e Switchts .onnect 3

f Peimanent split capacitor motor 4

,1 LiTht

5
n Contacts

Cons 6

I
Bimetal s\, itch

7.
k Temporature switch

8
Double bolt double throw (DPDT)

9
basil button (normally ,c,osed)

n ThErr)al overload 10

o Fusible !Ink

PJistof or e:astance heater

single phew motor

s!mjle pole doubie throw (S?DT)

r)(M1'1r,Or(111(2

11.4' rim,1(1'

72
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12

13

15

16

NO N.(



w. Pressure switches

x. Transformer

17.

18.

Y. 19

20. --
z. Conductors 27

21. 1

Multiple conductor cable

23.

24

25.

26

ACR U 41-A

Female

I r C PIF'd

aa. Fuse 22.-

10. Distinguish between a series, parallel and series-parallei circuit by placing an "s"
under the picture of a series circuit, a "p" under the picture of a parallel circuit,
and an "s-p" under the pictktre of a series-parallel circuit

P

a.

Trans--\
Manual

Pn Sec Reset
Valve

One vr;:iltirc,,e

c.

73
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11. State four rule for series circuits.

a.

b.

c.

d.

12. State three rules for a parallel circuit.

a.

b.

c.

13. Match the amperage loads on the right to the correct wire sizes.

14

Wire Size Amperage loads

a. 8 1. 40

i) 14 2 15

r 6 3. 70

d. 4 4. 55

e. 12 5 30

f 10 6. 20

t)

items of concern when working with solid state controls
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15. Demonstrate the ability to:

a. Use ohm's law

b. Compute wattage.

c. Select the parallel loads.

d. Solder electrical wire.

(NOTE: If these activities have not been accomplished prior to the test,
ask your instructor when they should be completed.)

7v
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FUNDAMENTALS OF ELECTRICITY
UNIT I

ANSWERS TO TEST

1. a. 4 h. 6 o. 3

b 8 i. 11 p. 19

,/
c. 14 I. 10 q. 17

d. 2 k. 15 r 21

e. 7 I. 13 s. 18

f 5 m. 12 t. 20

g 9 n. 1 u. 16

2. a. AC d. DC

b.

c.

DC

AC

e. DC

3 Any ten of the following.

a Silver i. Iron

b. Copper i Nickel

c. Gold k. Tin

d. Aluminum I Steel

e. Tungsten m. Lead

f. Zinc n Mercury

g. Srass c. Nichrome

h. Platinum p. Air

q. Water

4. Any five of the following

a Glass

h Rubber

c Plastic

76

d, Wood

e. Ceramic

'f. Mica
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5. a. Equation symbols

1) E Potential measured in volts

2) 1 z Current flow measured in amperes

3) R = Resistance measured in ohms

b. Equations

6 a

b

c

1) E=IxR
2) I = E/R

3) R = E/I

P-E x I

P = 12 x R

P = E2/R

7 a

h

1,000 watts = 1 kilowatt (kw)

1,000,000 watts 1 megawatt

i
746 watts 1 horsepower (hp)

1 watt hour = 3 413 h

8 a Power source

Connecting wiring

C

9 16 h 25 o. 5 v. 23

b. 18 r 7 p. 24 w. 9

12 I 10 q. 1 x 21

d 13 k 15 8 y 22

3 20 s. 4 z 6

2/ in 26 t 2 ea. 14

1/ r, 19 11 11

10 (
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11 a The current is the same throughout the circuit

b The sum of the voltage drops around a series circuit will equal the supply
voltage

c The largest volta- drop occurs in the'component with the highest resistaf,.

d The cum of the resistances :If the components equals the total resistance

12 a Total current equals the sum of the current in all branches

h. Voltage rs the same across all branches

c. Total re stance is always less than the smallest branch resistance

13 a 1 ci 3

h. 2 e. 6

c. 4 f. 5

14 Any three of the following

a Run electronic signal wiring in shielded cable or metallic conduit to avoid
electrically noisy locations

b Voltage surge

c Replaceable modules for field repair

d, Exposure to excessively high temperatu're will damage solid state clevices

PerforolanLe skills evaated to the satisfaction of tne instructot
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1/4 ELECTRICAL TEST INSTRUMENTS
UNIT II

UN! r OBJECTIVE

After completion of this unit, the student should be able to match terms associated with
electrical test instruments to the correct definitions, and list safety rules pertaining to
electrical 'test instruments The student should be able to read and use a voltmeter, ammeter,
ohmmeter, wattmeter, and use a hem, 'ic analyzer and capacitor analyzer. The student
should also be able to test a capacitor with an ohmmeter. This knowledge will be evidenced
through demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES =,

After completion of this unit, the student should be able to:

1 Match terms associated with electrical test instruments to the correct
definitions.

2 List ten safety rules pertaining to electrical lest instruments.

3 List general rules for the protection of electric& test instruments.

4 Identify electrical test instruments.

5 Match the meter to its application.

6 List two steps for reading a meter scale.

7 Discuss three circuit conditions.

8 Describe the procedure for zeroing the ohmmeter.

9 Demonstrate the ability to.

a Read a voltmeter scale

b Read an ammeter scale

c Read an ohmmeter scale

d Determine start, run, and common of a single-phase motor.

e Use a voltmeter

f LL an ohmmeter

79
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g Use a .,..,attrneter

h Use an ammeter

i Use a hermetic analyzer

Use a capacitor analyzer.

k Test a capacitor with an ohmmeter.

es 0
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ELECTRICAL TEST INSTRUMENTS
UNIT it

SUGGESTED MCTIVITIES

Instructor

A. Provide student with object ve Sheet.

B. Provide student with informauon, assignment, and job sheets.

C. Make transparencies.

D Discuss unit and specific objectives.

E Discuss information and assignment sheets.

F. Demonstrate and discuss the procedures outlined in the job sheets.

G. Demonstrate the use and care of electrical test instruments.

H. Obtain films from meter manufacturers

I Construct test boards.

J. Cive each student a copy of the manufacturer's instructions for each
electrical test instrument in the shop

K Give test.

II. Student

A. Read objective sheet.

B. Study information sheet.

C. Complete assignment and job sheets

D. Take test

INSTRUCTIONAL MATERIALS

I Included in this unit.

A Objective sheet

B Information sheet

C Transparency masters

1 TM 1 Electrical Test Instruments

2 TP 2- Electrical Test Instruments (Continued)
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Assignment sheets 3

1 Assignment Sheet 41Read a Voltmeter Scale

2 Assignment Sheet 42 -Read an Ammeter Scale

3. Assignment Sheet. #.3- Read an Ohmmeter Scale

4. Assignment Sheet #4--DeterminQ Start, Run, and Common of a
Single Phase Motor

E Answers to assignment sheets

F Job sheets

1 Job Sheet '#1--Use a Voltmeter

2. Job Sheet #2 --Use ar Ohmmeter

3 Job Sheet #3--Use --1-14ttmeter

4. Job Sheet #1--Use an Ammeter

Job Sheet #5--Use a Hermetic Analyzer

6 Job Sheet #6--Use a Capacitor. Analyzer

7 Job Sheet #7--Test a Capacitor With 'an Ohmmeter

G Test

H. Answers to test

II references,

A Woodroof, William Walton Servicing Comfort Cooling Systems. NHAW
Home Study Institute,, Columbus, Ohio, 1974

B Basic E /ectriciy for Appliances Indianapolis, Indiana' Howard W Sams
and Co , 1975

82
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INFOR".1ATION SHEET

c,nal vz-;i

tor analyzer

V Meter application

A Vol tmetpr

1 Pleasures line voltage

2 Hleasures voltage drop at the loaci

3 Measures low voltage

4 Indicates open components

(NOTE A switch or other nonload circuit component
a voltage reading across It if it is open

B Ohmmeter

(CAUTION Be sure all power is off before checking an electrical circuit
with an ohmmeter )

1 Che for a o, th for current flow (continuity I

2 Checks for risist3nce to current flow

3 Determines motor +vindings

4 Checks for shorts and grounds

5 Checks capacitors

(CAUTION. Be sure that the charge is bled ofl of a capac,-or
with d bleed reFistor before checking it Virrn an ohmmeter

C luldmetc,,r

1 AC voltmetr-i

2 DC, voltrp.er

3 OI Pi; neter

anIrlIPt ?I
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3

L 0,, ter
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3 CliecL,s o ked oto. amperdge
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electrical Test Instruments

Multimeter

Voltmeter

Ohmmeter

90
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Electrical Test instruments
(Continued)

Capacitor Analyzer

91
1%)

Ammeter

0
A

UN
A

T AMMETER VOL THE TEM-
E TT ;;

IS ...4
0,... 4 -

ZZ,

Hermetic Analyzer
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ELECTRICAL TEST INSTRUMENTS
UNIT II

ASSIGNMENT SHEET =1-READ A VOLTMETER SCALE

ACR II 63 A

VIP

Read the voltages on the meter in Figure 1. This voltmeter .A./ ill read from left to right
on the scale The scale to use is determined by the position of the function switch

FIGURE 1

I

1

(I3-)
100

or

750

VAC
25 V
10 V ...

50 V
250 V I-

1,000 V --7

Voltmeter

-- Function Switch

Example With the function switch at 250v, the needle on the meter is
indicating 235v-

1 Fulction switch in the 250v position. Needle is pointing to "B" on the scale.

2 Function switch in the 50v onsition. Needle is pointing to "B" on the scale.

3 Function switch in the 1000v position.

(NOTE Use the 0-10 scale when in the 1000v position.)

is pointing to "E" on the

93



ASSIGNMENT SHEET

4 Function S in the 250v p()sition i'deedle is pointing to "A" on the scale

5 Function s\ .,itch in the 250c position Needle is pointing to "C" on the scale.

6 Function sv:itch the 1000v position Needle is pointing to "F" on the scale.

7 Function s\,vitch in the 50v position -Needle is pointing to "F" on the scale.

8 Function sv itch in the 250v position Needle is pointing to "D" on the scale

9 Function itcn in the 250v position Needle is pointing 1-o "F" on the scale

10 Function In le 50v position Needle is pointing to "D" on the scale

94
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ELECTRICAL TEST INSTRUMENTS
UNIT II

ASSIGNMENT SHEET #2- READ AN AMMETER SCALE

Read the amperages on the scales below The ammeter shown has a rotary scale with
five amperage scales on It.

7

6

5 -
4

.1

It

2. 3 4.

40

350

300

250

200

150

100

50

V

5.

1NOTE Aiway set the ammt ter- on its highest scale and then come down to
a lower scale fbr a more accurate reacting.) :.

9t)
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Function switch the R x 1 Rosition Needle is ouinting to "(3' on tbe scale

ACR II 67-A

ELECTRICAL TEST INSTRUMENTS
k UNIT II

ASSIGNMENT qHEET READ AN OHMMETER SCALE

Read toe iesistances on the ohmmeter scale below This ohmmetel scale reads from right
(_) left r

.
I r..

i i (.._(, ,-,

11...-i' I I ' " 2c , ' ic.i 10
1 I

I.', _.--.,-,:-----i___

I I ' -
ox T---------_,

t, 3- ' --'---

QS,

,"-, 5
I 4Dc <5, . 6

.1. r - c C.) ._____,...----Lt
1 ---

. qz
... i___ _....1------T-----'

' If ' r , r..., ..5 -----.:"----N---

'

, 4 or---'''-).,,'-
e '- .

)-

\-`2- r
!,e

. '''s,
'o

44,

-t. -V Function SwIch

` 7

.

.

R. 1

R x 100
R x 10,000

J

(NOT P The letters on the scale are there for the ri,.rpose of working this exerce,e
and the- do, not appear on actual ohmmeters.)

Exalpie With the function switcn at R x 10,000 and the n-edle oomting
at 2 on the scale

10',000
x 2

ans 20,000 ohms

2 Function ch in the R x. 10,000 ".osition Needle
scaie 1

S

6

otnting t OH dn
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/

ASSIGNMENT SHEET =3

3. Function switch in the R x 100 position. Needle is pointing to "C" on the
scale.

ii

ans.
4. Function switch in the R x 10,000 position. Needle is pointing to "A" on the

scale

ans .

5. Function so, tch in the R x 1 position. Needle is pointing to "E" on the scale.

ans.
Function switch in the R x 100 position. Needle is pointing to "B" on the
scale.

.

ans. .
7 Function switch in the R x 1 position. Needle is pointing to "A" on the scale.

ans

8, Function switch in the R x 1 position. Needle is pointing to "D" on the scale.

ans.

9 Function switch in the R x 100 position. Needle is pointing to "E" on the
scale.

ans.

10 Function switch in the IR x 10,Q00 position. Needle is pointing to "C" on the
scale

ans

97

1



m

ELECTRICAL TEST INSTRUMENTS
UNIT II

ACR II 69-A

ASSIGNMENT SHEET #4--DETERMINE START, RUN, AND COMMON
OF A SINGLE PHASE MOTOR

Hermetic compressors have three terminals that are connected to the internal motor
windings. By taking the three follov.ing resistance readings, it can be determ'ined which
terminals are start, run, end common.

1. Highest reading is start and run terminals.

2. Next to highest is start and common terminals.

3 Lowest is common and run terminals..

Example: Terminal a is run
Terminal b is common
Terminal c is start

Do the following problems:

1

a

9 ..C1

98

10 n.

c.



70-A

.
2.

3.

4.

C ,

c

ASSIGNMENT SKEET #4

4 n

811

a. b c.

6n

16f1.

1

a. b. c.

12 fl

3n.

9n.9-'-)-

a. b. c.

99
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5.

6.

7.

a.

a.

ASSIGNMENT SHEET #4

b.

15

1211

24 fl

12 n.

18 1-1

c.

b. c.

6 II

18

a. b. c.

100

*UP
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8.

9.

10:
6

ASSIGNMENT SHEET #4

,9n-

6 /I

a. b. , C.

9fl

8fL

12 fl

b. C.

6 n

3 n.

a. b. C.
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Assignment Sheet #1

1. ' 125 volts

.. 2. 25 volts

3. 240 volts

4. 25 volts

5. 0 volts

6. 440 volts
,..

iii 7. 22 volts

8. 225 volts

. 9. 110 volts

10. 45 volts

et.

ELECTRICAL TEST INSTRUMENTS
UNIT II

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #2

1 3 amps

2. 11 amps

3. 30 amps

4 40 amps

5 150 amps

Assignment Sheet #3

1 3 ohms

2 130,000 ohms

3. 70C ohms

4. 10,000 ohms

5 13 ohms

102
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6. 300 ohms

7. 1 ohm

8. 10 ohms

9. 1,300 ohms

10. 70,000 ohms

Assignment Sheet #4

1. a. Common

b. Run

c. Start

2. a. Start

b. Run

c. Common

3. a. Common

b. Start

c. Run

4. a. Start

b. Common

c. Run

5. a. Run

b. Common

c. Start a

6. a. Common

b. Run

c. Start

7. a. Run

.b. Common

c. Start

e

a

103
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8. a. Run

b. Common

c. Start

9. a. Common

b. Run

yl c Start

10 a. Start

b. Run

c Common

A

(

104
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ELECTRICAL TEST INSTRJMENTS
UN IT H

JOB SHEET =1 USE0A VOLTMETER

I Took and materials

A Voltmeter

B Safety glasses

C 120 VAC wall outlet

D 240 VAC wall outlet

E 240 VAC 1 phase disconnect

F Three phase disconnect

(NOTE Ail of these materials should be connected to the proper voltage )

I I ,cedure

A Put on safety glasses

B Select highest AC scale

C Check across a 120 VAC wall outlet (Figure 1)

ACR II 77 A

41,

FIGURE 1 r

105
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4

4

JOB SHEET ;1

D Seleci -nceter scale that allow for the most accurate reading

E Check. from each side to ground (Figure 2)

FIGURE 2

F. Switch to highest AC scale
4

G. Check across a 240 VAC wall outlet (Figure 3)

FIGURE 3

H. Select meter scale that do "Ai for the most acck4ate reading

106
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JOB SHEET

I Check from each side to ground (Fig! re 4)

Fl4VRE 4

a

a
J Switch to highest ''AC scare

K Check line side of disconnect

,Select meter scale that will allow for the most accurate reading

Check load side of disconnect (Fiqure 5)

FIGURE 5

N Repeat steps J through M ,and check a three-phase di,,conni-ct

O Have instructor observe your work

P Put away voltmeter

107
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ELEC1 RICA.t. TEST INSTRUMENTS
UNIT II

JOB SHEET =Z USE AN OHMMETER

I , Tools and mates gals

A Ohmmeiei-

B Safety glasses

C Bleed resistor--2 watt 20K ohm

D Hermetic .compressor, single-phase

E. Plug tic, fuSe

F Cartridge 'Nip° fuse

'1 Procedure

A Put on safety glasses

.B. Select highest ohm scale

C. Zero meter

D. Touch m,,ter probes to resistor lead.; (Figure 1)

I

108
-../

lb.
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JOB SHEET #2

E. Read the resistance on the ohmmeter scale

F. Select R x 1 scale

3. Rezero meter,

a

H. Touch meter leads. to two compressor term 2)

FIGURE 2

4

I Record resistance reading

J. Move one probe to remaining terminal

K. Record resistance reading

L Take the thud resistance reading

'M. Record the third resistance reading

N. Identify the start, run; and common terminals

0 Have the instructor check your work-

P. Check a plug type fuse

0. Touch one ohmmeter probe to outer metallic portion

109
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JOB SHEET zt-2

lich th f,hmthetoi probt, to the button on the bottom (Future "..-P

(NOTE Never check a fuse -vith an ohmmeter in a complete circuit 1`.'

FIGURE

S If the needle swings to zero the fuse is good

T If the needle st3VS at infinity the fuse is not good

U Touch the ohmmeter leads to each end of a cartridge type fuse

(NOTE A good or-bad cartridge fuse will be ip.dicated in the same manner
as-Ithe plug, fuse was 1

V Have instructor check your work

'12 Turn ohmmeter to the "off" position or to the highest AC voltage range

X Put away tools and materials
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ELECTRICAL TEST INSTRUMENTS
UNIT II

JOB SHEET #3 -USE A WATTMETER

I Fools and materials

A Wattmeter

B Safety glasses

C Power consuming device

I I Procedure

A Fut on safety glasses -

B Read instructions supplied with wattmeter if available

C Select the proper voltage

D Connect the wattmeter to line voltage

E Select the highest wattage scale

F Connect current consuming device to wattmeter

G Hake instructor check

H Start the current consuming device

I Record starting wattage

J Allow unit to run a few minutes while the wattage levels out

K Select vattage scale that will allow for the easiest reading

L Record running wattage

Vi Obtain full load amperage from units name plate

DRIde the voltage into the wattage to obtain the F L A

(NOTE Remember watts law is primarily for DC novver, but for our

bur poses the power factor 's generally close enough fo one that it can be
nscii tor AC power.)

Uso an ammeter to check your answer

,)TE The use' of the ammeter is covered in Jon SH,i2t : :4 of this mit I

eistr uctot check

Mete! and IlldtOr
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ELECTRICAL TEST INSTRUMENTS
UNIT II

JOB SHEET =4 USE AN AMMETER

Tools and materials

A Clamp on ammeter

B Safety glasses

C Refrigeration system

I I Procedure

A Put on safety glasses

'B Se lact highest amperage scale

C Clamp ammeter around one conductor of the line cord (Figure 1)

(No rE Placing the ammeter around two conductors of single-phase power will
cancel out the amperage reading.)

FIGURE 1

4401

D Start refrigeration system

E Record starting amperage

(NOTE Starting amperage will only last an instant



88-A

JOB SHEET =4

F Allow the system to run

G Record running amperage

H. Check F L.A on name plate

I Compare the name plate amperage to th*, ammeter reading

" J Have instructor check

K. Put away meter and materials

113
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ELECTRICAL TEST INSTRUMEN TS
UNI1 II

JOB SHEET 1-45 USE A HERMETIC ANALYZER

I Took and materials

A H ?rmetic analyier

B Safety glasses

C Refrigeration system with cl hermetic compressor

Il Procedure

A Put on safety glasses

B Check to be sure powcr is off

C Remove from compressor terminals

Determine common, start and run terminals

E Read instructions on the use of the hermetic analyzer

c Connect analyzer to compressor terminals

G Have instructor check

H Start and run compressor with analyzer

(NOTE Do not run the system for a long length of time without the
condenser and evaporator fars running also.)

Check running amperage

J Turn system uf f

K Disconnect analyzer from system

.rir,-!s to cry'-,,Dtessor terminals

cinell Vier re f Itif't LitIOn SVStI'M
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ELECTRICAL 11 SI INSTRUMENTS
UNIT II

.1()13 Slit E T r=6 USE A CAPACI TOR ANALYZER

1001s indit,11,11s

A Safety glasses

Capacitor analyzer

C Bleed resistor

D Run capacitors

.11 Pr ocedur

A Pill on safety glasses,

B Discnarge capacitor with bleed resistor (Figure 1)

(NOTE A tileed resistor should be used to discharge capacitors Some
capacitors are internally fused -Ind shorting them with a screwdrive- would
ruin them )

FIGURE 1



JOB SHEET #6

C. Red instructions on the use of the analyser

(CAUTION A shield should he ptoced between the capacitor and the
individual doing the testing in case of a possible exdlosion )

D. Check capacitor for opens

E. Check capacitor for grounds

F. Check microfarild capacity of capacitor

G. Check several different capacitors

(NOTE If a capacitor has a bleed resistor connected to iti terminals one
side will have to be disconnected in order to properly check the capacitor )

H Record the condition of each capacitor

I. Have instructor observe the capacitor checking procedure

J. Put away capacitor analyzer arid capacitors

11G
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ELECTRICAL TEST INST Rt/MEN TS
UNIT II

JOB stiff- T / TEST A CAPACITOR WITH AN °MIME I f

I Toots and materials

A Safety glasses

B Ohmmeter with an Fix 10K scale or above

C. Bleed resistor

D. Run capacitors

E Start -capacitors

I I Procedure

A Put on safety glasses

B Discharge capacitor with bleed resistor

(NOTE Capacitors must be discharged before they can he checked with
an t hmmezer to, prevent damage to the meter.)

C Touch meter leads to capacitor terminals

(NOTE If the capacitor has a permanent bleed resistor connected to the
terminals one side of it must be disconnected

D Watch for one of the following indications of the condition of the

(-antic ito,r

1 good- Needle will slit/1m; towards zero and then slowly- tetu rn to
infinity

2 Shorted Needle will swing toward 'ero and remain there

3 Open Needle will stay at infinity

4 Leaky- Needle will swing towards ier o and then icon n to a
resistance and stay there

5 Grounded run capacitor Touch one meter lead to an unpainted
spot on the metal can arid the other lead to eat h terminal, my
needle movement indicates a defective capacitor

E. Make a cf'COIld check by reversing the leads at the capacitor terminal%

F Write down the condition of each capacitor

T Have the insti in tor observe your work

I I Put away meter and material%
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ELECTRICAL TEST INSTRUMENTS '
UNIT II

NAME

TEST

ACR II - 95-A

1. Matcti the terms on the right to the correct definitions.

a. Main power supply 1. Full load
amperage

b. To align meter needle over zero on the (F.L.A.)
ohm scale

2. Line voltage
c. Limits of a particular portion of a meter

3. Zero
d. Insulated ends on a test instrument's

leads that are held while checking a 4. Range
circuit

5. Probes
e. To adjust a meter so that the needle is

properly aligned to the proper set point 6. Calibrate
on the scale

7. Locked
f. Complete circuit in which current can rotor

flow Lm.pRe.Ara.ge)

g. TOtal current a device draws when it is
running fully loaded 8. Infinity

h. Extreme end of the ohm scale; resistance)
designated by (>0

9. Continuity
i. Amperage a motor would draw when the

rotor is not turning with power applied 10. Bleed resistor

_____i. Resistor connected between capacitor
terminals to minimize arcing of the relay
points; 20,000 ohm 2 watt carbon
resistor

2. List tea safety rules pertaining to electrical test instruments.

a.
I

b.

c.

d.

118
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e.

f.

g.

h.

J.

3. List five general rules for the protection of electrical test instruments.

a.

b.

C.

d.

e.

4. Identify the electrical test instruments.

a.

b. c

119



C

d.

f.

120
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5 MStch the meters on the right to the correct aoplic,itions

d Measures line voltage, me.sures voltage Ohmmeter
drop at the load, measures low voltage;
indicates open components 2 Capacitor

analyzer
b AC voltmeter, DC voltmeter, ohmmeter,

9Iharnmeter 3 ._, Voltrneter

c Indicates line voltage, indicates starting 4 Wattmeter
watts, indicates running watts

5 Multimeter
d Measures capacitance value, measures

power factor, indicate's open capacitors, 6. Hermetic
indicates shorted canacitors, ir4licates analyzer
leaky capacitors

e Checks for a path for current flow,
checks _tor resistance to current flow,
determipes motor windings, checks for
shorts and grounds, checks capacitors

_t, Checks compressor for grounds, checks
compressor for open windings, may be
used to start a locked rotor compressor,
starts and runs a compressor

Checks starting amperage, checks
running amperage, cheeks locked rotor
amperage

6 List t,.,/n stops for reading a meter scale

121

7 Ammeter
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7. Discuss three circuit conditions.

a. Open circuit

b. Short circuit iefk

c. Grounded circuit

8. Describe the procedure for zeroing the ohmmeter.

a.

b.

c.

d.

e.

122
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9. 4 Demons-rate the ability to:

a. Read a voltmeter scale

i , b. , Read an ammeter scale.

c. Read an ohmmeter scale. I
d. Determine start, n, and common of a single-phase motor.

e. Use a voltmeter.

f Use an ohmmeter.

Use a .wattmeter.

h. Use an ammeter.

I. Use a hermetic analyzer.

1
Use a capacitor analyzer.

k. Test a capacitor with an ohmmeter.
)

(NOTE . If the above activities have -not been accomplished prior to the test,
ask your instructor when they should be completed.)

/
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ACR II 101-A

1 a. 2

ELECTRICAL TEST INSTRUMENTS
UNIT II

ANSWERS TO TEST

f. 9

b. 3 g. 1

c. 4 h. 8

d. 5 1. 7

e. 6 j. 10

2. a. Stand on dr nonconductive surfaces when` testing live circuits

b. Be sure the power is off when checking a circuit with an ohmmeter

.c. Do not use, meter leads with defective probes

d. Do not have both hands in a high voltage cabinet

e. Do not touch metal cabinet or other grounded material

f. Wear eye protection

g. Use fuse pullers

h. Do not work on live voltage circuits by yourself

i. Do not assume that the power is off

j. Discharge capacitors with a bleed resistor before removing or testing

3. Any five of the following:

a. Keep stored io proper cases

b. Avoid bumping or jolting

c. Use only for intended purpose

d. Use within meter range limits

e. Avoid exposure to extreme temperatures

f. Keep dean

g. Keep dry

h. Set meter in highest range prior to taking reading

124



4. a. Ammeter

b. Multimeter

c. Wattmeter

d. Hermetic analyzer

e. Ohmmeter

f. Capacitor analyzer

g. Voltmeter

5. a. 3

b. '5

c. 4

d. 2

e. 1

f. 6

g. 7

6. a. Read meter in the center two thirds of the scale for greater accuracy

b. Count the number of graduations between the major divisions

7 Discussion should Include.

a .Open circuit

1) Most frequent circuit problem

2) No path for current flow

3) Caused by

a) Pitted contacts

b) Defective relay coil

c) Broken wire

d) Blown fuse

el Tripped circuit breaker

f) Open switch

4) Voltmeter will indicate voltage across an open



8

C)

b Short circuit
3

1) Second most frequent circuit problem

2) Electrical circuit that has a lower resistance rndri ,ended

3) Indications

a) Blown fuses

b) Tripped circuit breakers

cl Melted wires

d) Swollen run capacitor cans

e) Blackened terminals

f) Burnt case

c Grounded circuit

1) A high resistance path that current may take to a common ground

2) May not cause a blown fuse or tripped circuit lorearc,;r

May he determined with an ohmmeter

a) Check fro,in lead or terminal to a common :3

b) Meter will indicate a medium to high resistcrri:c

Select range

b Hold leads together

Check to see that the needle moves to the extreme riciht

c; /Own the needle directly over "0" or the ohni scale

ZPr 0 ohmmeter each tine before using or whPri cliarhp7.!J r

f-)r tn,InCe Skills evaluated to the satisfaction of thf-

12C
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ELECTRIC POWER
UNIT III

UNIT OBJECTIVE

After completion of this unit, the student should be able to match terms, arrange in
order the steps for distributing power, distinguish between single-phase and three -chase
current characteristics and select functions of a transformer. The student should also be
able to list three ways of providing ground protection, discuss the types of three -chase
supply and read an elect:*c watt-hour meter. This knowledge will be evidenced through
demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to.

Match terms associated with electric power to the correct definitions.

Arrange in order the steps for distributing electric power.

3. Distinguish between single-phase and three-phase current characteristics.

List three metf.-xis of grounding an electrical circuit.

5 Select the functions of transformers

Discuss the types of three-phase supply.

Lst mdior causes and three effects of low line vpItage.

Demonstrate the ability to read an electric watt-hour meter.

f
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ELECTRIC POWER
UNIT III

SUGGESTED ACTIVITIES

I. Instructor:

A. Provide student with objective sheet.

B. Provide student with information and assignment sheets.

C. Make transparencies.

D. Discuss unit and specific objectives.

E. Discuss informa'..;on and assignment sheets.

F. Invite a power company representative to talk to the class.

G. Reemphasize electrical safety rules covered in Units I and II.

H. Arrange a field trip to a power plant.

I. Give test.

II. Student:

A. Read objective sheet.

B. Study information sheet. ,

C. Compete assignment sheet.

D. Take test.

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A. Objective sheet

B. Information sheet

C. Transparency masters

1 TM 1--Power Distribution

2. TM 2--Grounding

3 TM 3--Three Wire Delta

128



4. TM 4--Four Wire Delta

5. TM 5--Four Wire Wye

D. Assignment Sheet #1--Read An Electric Watt-Hour Meter

E. Answers to assignment sheet

F. Test

G. Answers to test

Reference-Woodroof, William Walton. Servicing Comfort Cooling Systems.
Columbus, Ohio: NHAW Home Study Institute, 1974.
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ELECTRIC POWER
UNIT III

INFORMATION SHEET

I. Terms and definitions

ACR II 109-A

A. Single-phase--Alternatinq current circuit wit.h only two current carrying
conductors

B. Three-phase-Alternating current circuit with three current carrying

conductors

C. "Hot" conductor--Current carrying conductor in a circuit, should be any
color other than white, green, or natural grey

D. Grounded conductor-System or circuit conductor which is intentionally
grounded, colored green or bare wire

E. Neutral-Term used to designate a condOctor connected to the center tap
of the transformer

(NOTE The neutral conductor is a current carrying conductor and should

not be confused with the equipment ground, even though they will
terminate at the same block.)

F Step-up transformer--Tranforther which increases the secondary voltage

G Step-down transformer--Transformer which decreases the secondary voltage

H. Electric watt-hour meter-Meter consisting of four clock-type dials which
indicates the number of kilowatt hours used ill a given amount of time

I. Primary voltage -- Voltage sur-fied to the input or primary winding of a
transformer

J. Leg--Term used to asignate one conductor of a power supply

K. Secondary voltage--Output voltage, or the voltage that is supplied from the
_

secondary side of the transformer

L Equipment ground--Conductor connected to equipment case and to an
intentional ground, colored green or bare wire

II Power distribuilon (Transparency 1)

A. Power generating plant

B Step up transformers
,..----

130
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INFORMATION SHEET

V. Functions of transformers

A. Step Up

1. Increases voltage

2. Decreases current

(NOTE: By increasing the voltage which in turn will decrease the
current, electricity,is easily transmitted over long distances with
relatively small transmission cable.)

B Step-Down

1. Steps down transmission power line voltage

2. Increases current

Example: A modern total electric home would require
30,000 watts Assume a primary voltage of 600
volts and a secondary voltage 240 volts

30,000 240 = 125 amperes
'Entrance cable into the house must be large
enough to carry in excess of 125 amperes

30,000 watts 600 VAC = 50 amperes
Transmission cable to the primary of the
transformer only needs to be large enough to carry
50 amperes

VI. Three-phase supply

A. Three wire delta (Transparency 3)

1. Voltages--240, 440, or 550

a. One three-phase circuit

h. Three single-phase circuits

2. Grounded or ungrounded

(NOTE: The grounded transformer is preferable due to safety.
When using an ungrounded system all legs must be broken wi'h
a contactor.)

B. Four wire delta (Transparency 4)

1. Voltages

a. Ty.'o 120 volt single-phase circuits
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4

INFORMATION SHEET

b. One 240 volt three-phase circuit

c. Three 240 volt single-phase circuits

(NOTE: AI: 120 volt circuits should have approximately the same
current load so .that the three-phase voltages will not become

unbalanced.)

2. A "wild-leg" which is not used for single-phase power

(NOTE: The "wild-leg" or "stinger-leg" as it is sometimes called
has a voltage of approximately 200 volts. This conductor should
be an orange color.)

C. Four wire wye (Transparency 5)

1. Voltages--208/120 or 480/277

(NOTE: Other voltage combinations are possible with this type
of transformer but are not common.)

a. Three 120 volt single-phase circuits

b. Three 208 volt single-phase circuits

c. One 208 volt three-phase circuit

2. Enables easy balancing of circuits

3. Transformer neutral must be used for ground

(NOTE The use of any other ground to obtain single-phase power
may result in low voltage to the load.)

VII Low line voltage

A Causes

1. Undersize wire

2 Long runs of wire

3. Loads in series

4. Poor connections

5. Power supply

6 Undersize transformer

133
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INFORMATION SHEET

B. Effects on motor's

1. Reduces starting torque

2. Reduces running efficiency

3. Increases temperature rise

,

134
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240

120 120

From Meter

120 V I

120 V

120 V

Hot Lme
Neutral

Ground'
Hot Lane

Entrance Switch

Power Distribution

120 V

-120 V_

120.V

Fuse Panel

Power Distribution In A Home Or Small Business

Single-Phase

135

Power Transmission Lines

it'1911

PoWer Plant

tbs.::::01,..e.F9tel it:

Home

-11b.

Substation

Smill Business

13I
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Ground Wire
Clam4

4

t

13 7

Grounling

Cold Water Pipe

Ground Wire,--,.

Metallic Conduit

GrGunding Rod
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Three Wire Delta
Ungrounded Grounded

t

alMo

4-

E.0 (NOTE: Test meter may indicate some voltage reading.)

-4 220

220

220 V

220V 0-

IMIll



Four Wire Delta

4

240 V

Hot

T.0- -C V )-11.-

<120 V

1

1:3C=
2

c.D

ACP. - 121-A

NOTE: This is the wild leg or stinger leg and is not used for
120v single-phase since its voltage is 200 volts.

I
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Four Wire Wye

Neutral

Hot

208 V 208 V--.0.4

208 V

or

Hot

120 V

120V 4.-

120 V

1.4

ACR II - 123-A
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ELECTRIC ,POWER
UNIT III

ASSIGNMENT SHEET #1--READ' AN ELECTRIC WATT-HOUR METER

The electric meter on the house indicates how much current has been consumed in a
given amount of time. This is determined by reading'a series of dials.

Example:

The power company's "Watt-meter" has four dials. Each dial has a hand. Note
that two dials read clockwise and two read counter-clockwise.

Write down the number that the hand has just passed on each of the dials in
the top row. Suppose the reading on dials is 3456 (KWH) Kilowatt hours as
shown above. Let's assume the above figures represent the reading at beginning
of the month. Suppose at the end of the month the readings appear as on dials
in lower row. Reading as before, we obtain 3592 (KWH) Kilowatt hours. The
difference is as follows:

This month's reading 3592
Last month reading 3456
Kilowatt hours used in month 136
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ASSIGNMENT SHEET #1

1. Read the following dials:

ans,

O

2 ,z--- 8 8

,.
40

3 3 7 7 I
\&.....__

s
6 ()..........._..)

s

2. Read the following dials:

ans.

3. How many kilowatt hours were consumed between problems one and two?

ans.

144
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ELECTRIC POWER
UNIT I I I

ANSWERS TO ASSIGNMENT SHEET

1. 7125

2. 8800

3. 1675



ELECTRIC POWE R
UNIT III

NAME

TEST

ACR \11 129-A,

1. Match the terms on the right to the correct definitions.

a. Output voltage, or, the voltage that is 1.

supplied from the secondary side of the
transformer

b. Term used to designate a conductor
connected to the center tap of the
transformer

c. Current carrying conductor it a circuit,
should be any color other than white,
green, or natural grey

d. Alternating current circuit with three
current carrying conductors

e. System or circuit conductor which is
intentionally grounded, colored green or
bare wire

f. Term used to designate one conduCtor
of a power supply

g. Meter consisting of four clock-type dials
which indicates the number of kilowatt
hours used in a given amount of time

h. Voltage supplied to the input or primary
winding of a transformer

i. Alternating current circuit with only two
current carrying conductors

j. Transformer which decreases the
secondary voltage

k. Transformer which increases the
secondary voltage

I. Conductor connected to equipment case
and to an intentional ground, colored
green or bare wire

146

Electric
watt -hour
meter

2. Step-down
transformer

3. Equipment
ground

4. Neutral

5. Three-phase

6. Step-up
transformer

7. Primary
voltage

8. Grounded
conductor

9. Single-phase

10.

11.

12.

Pot"
conductor

Secondary
voltage

Leg

\
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2.

3.

,

Arrange in order the steps for distributing electric power bv placing the correct
sequence numbers in the appropriate blanks, twilinninti ,,,,,,,t tip 0,1

going to !tom', of termination

a High line transmission cables across country

h. Circuit box

c. Step-up transformers

(I. Individual circuits

e. Substation step doWn transformers

f. Power generating plant

g. Service to individual home or small business

h High line transmission cables within city

I. Step down transformers on power pole

Distinguish between single phase and three phase currents by- placing an "S" in
tront of the single phase characteristics and a "T" In front of the three phase
characteristic,

Tevd current carrying conductors

____h Fewer set vice problems on motors

t, Can he taken from a three-phase supply

0 Generally used for residences and small commercial applications

. Generally commercial and industrial installations

f Several voltages from 12 volt to 240 volt

g. Needs no motor stat ting capacitors

Motors frequently require startinti components

Voigage halan( e IS important

I Can he used to supply single phase power

4 List three niethods of grounding an electrical circuit

h.

(

I

147
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5. Select the functions of transformers by placing an in in the appropriate blanks.

a,. Increases voltage

h. Rectifies direct current electricity
_.../

c. Converts amperes to krlowatt hours

d. Increases current

e. Steps-down transmission power line voltage

f. Changes 60 hertz current to 60 cycle current

g. Decreases current

6. Discuss the types of three-phase supply.

.

,

148
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7 List six majof causes and three effects of low line voltage.

a Causes

2

3

4

5

6

b Effects

1.

2

3

0

...

8. Demonstrate the "Ability to read an electric watt-hour meter.
.

(NOTE If this activity has not been 'accomplished prior to the test, ask your
instructor when It should he completed.)

b

s
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ELECTRIC POWER
UNIT III ,..

ANSWERS TO TEST

1. a. 11 g. NI

b. 4 h. 7

c. 10 i. 9

d. 5 j. 2 e"`.

e. 8 k. 6

f., 12 3

2. a. 3 --J
f. 1'

b. 8 g. 7

c. 2 h. '5

d., 9 1. 6

e. 4 1

3. a. S f. S

b. T g...
I

T

c. S h. S

d. S i. T

e. T j T

4. a. COld water pipes

b. Metal sttakp"

.

. ACR II 4. 133-A

c. Metal caste of main distribution oanei v

5. a, d, e, g

6. Discussion should include:

a. Three yvire delta

1) Voltages--240, 440 or 550

a) One three-phase circuit

b) Three single-phase circuits

.153
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21 Grounaed or ungounded

b Four wire delta

1) Voltages

a) Two 120 volt singe-phase circuits

b1 One 240 volt three-phase circuit

c) Three 240 volt single-Phase circuits

r

") A "wild-leg" which is not used for single-phc2 power

c Four .% ire wye

1) Voltage. ?08/120 or 480/277

a) Three 120 volt single-phase circuits

P) Three 208 volt single phase circuits

c) One 208 bolt three-phase circuit

2) Enables easy balancing of circuits

31 Transformer neutral must be used for ground

7 a Causes

1 Undersize wire

2 Long runs of wire

.) Loads 1. series

4 Poor conoect,ow:

.J Power supply

3 Undersize trans;ormer

b Effects on motors

1 Reduces starting torque

2 Reduces dnning efficiency

-3 Increases temperature rise

8 Performance ski evaluated to the sat:sfiction of the instructor
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BASIC ELECTRIC THERMOSTATS
UNIT I

UNIT OBJECTIVE
I

ACR II 1-B

After completion of this unit, the student should be able to match terms to their correct
definitions or descriptions and identify types of thermostats and their components. The
student should also be able to demonstrate the ability to determine heat anticipRtbn and
install a wall thermostat. This knowledge will be evidenced through demonstration and
by scoring eighty-five percent on the unit test. ,

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms associated with thermostats to the correct definitions or
descriptions.

2. Name three types of thermostats.

3. Identify parts of a low voltage thermostat.

4. Identify parts of a millivolt thermostat.

5. Identify part, of a line voltage thermostat.

6. Identify types of thermostat contacts.

Identify shapes of thermostatic bimetals.

8 Disruss the oper9tinn of 3 thermostatic bimetal

Discuss thermostat anticipation.

10 Discus.; the chardcteristics of a '',n-stage thermictat

11. Discuss me advantages of time controlled thermostats.

i 2. Select guidelines for correctly installing a room thermostat.

13. List the applicat nns of low voltage, millivolt, and line voltage thermostats.

14 Match the low voltage thermostat subbase terminal markings to the proper
component.

15 0

I



2-B

15. Demonstrate the ability to:

a. Wire mercury bulb to correct terminals.

b. Determine heat anticipation.

c. Install a wall thermostat.

153
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BASIC ELECTRIC THERMOSTATS
UNIT I

SUGGESTED ACTIVITIES

I. Instructor:

A Provide student with objective sheet.

B. Provide student with information, assignment, and job sheets.

C. Make transparencies.

D. Discuss unit and specific objectives.

E. Discuss information and assignment sheets.

F. Demonstrate and discuss the procedures outlined in the job sheets.

G. Show students actual thermostats and components.

H. Construct a practice thermostat wiring board.

I. Discuss the adjusting of wall thermostats.

J. Give test.

II. Student

A. Read objective sheet.

B, Study information sheet.

C. Complete assignment and job sheets.

D. Take test

INSTRUCTIONAL MATERIALS

I included in this unit

A. Objective sheet

B. Informs, ton sheet

C. 1 ranspar, ncy masters

1. TM 1-- Lpw Voltage Thermostat Parts

2 TM 2 --Millivolt Thermostat Parts

3 TM 3-- Line Voltage Thermostat Parts

154
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4. TM 4--Thermostat Contacts

5. TM 5--Bimetals

6 TM 6--Thermostat Subbases

D. Assignment Sheet #1--Wire Mercury Bulb to Correct Terminals

E. Answers to assignment sheet

F. Job sheets

1 Job Sheet #1--Determine Heat Anticipation

2. Job Sheet #2--Install a Wall Thermostat

G. Test

H. Answers to test

II. References:

A. Heating and Cooling Controls. Columbus, Ohio: NHAW Home Study
Institute, 1972.

B. Russell, Allen. Getting Started in Heating and Air Conditioning Service.
Birmingham, Michigan: Business News Publishing Co., 1973.

C. Langley, B. C. Electric Controls for Refrigeration and Air Conditioning.
Englewood Cliffs, New Jersey: Prentice-Hall, inc., 1974.

D. Althouse, Andrew D., Tunqu!st, Carl H., and Biacciano, Alfred F. Modern
Refrigeration and Air Conditioning Homewood, Illinois: Goodheart-Willcox
Company Inc., 1975.
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BASIC ELECTRIC THERMOSTATS
UNIT I

INFORMATION SHEET

I. Terms and definitions or descriptions

A. Bimetal--Two metallic alloys bonded together which have different rates
of expansion and will warp when exposed to a temperature change

B. Heat anticipator--A small, usually variable resistor in series with the
thermostat contacts and load which will generate a small amount of heat
and cause the contacts to open early

C. Mercury bulb-Thermostat contacts consisting of a small amount of liquid
mercury sealed in a glass tube

D. Low voltage--A 24 V.A.C. circuit in air-conditioning and refrigeration
controls

E. Bellows -A corrugated cylindrical container which moves as pressures change

F. Line voltage--Generally above 50 V.A.C. in air-conditioning and refrigeration
controls

G. Thermostat--Device which senses temperature conditions and, in turn, acts
to control a circuit

H. Millivolt Voltage which is generated by a thermocouplc used for heating
only

(NOTE: A millivolt is one thousandth of a volt, and in heating systems
the usual range is 35 to 750 millivolts )

I. Invar Metal which is -n iron and nickel alloy

J. Subbase--Portion of the thermostat that is attached to the wall and to which
all thermostat wiring connections are made

K. Cooling anticipator--Generally a fixed resistor wired parallel to the cooling
contacts which will generate a small amount o heat and cause the contacts
to close early

II. Types of thermostats

A. Low voltage

B. Millivolt

15C
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INFORMATION SHEET

C. Line voltage

(NOTE. All line voltage wiring should be done according to the National
Electric Code.)

1. Heating or cooling

2. Refrigeration

III. Parts of a low voltage thermostat (Transparency 1)

A. Bimetal temperature sensing elements

(NOTE: This is generally a bimetal.)

B. Electrical contacts
..,

1. Mechanical points

(NOTE. These are snap action points which help to prevent
arcing.)

2. Mercury bulb

C. Manual temperature selector

D. Adjustable heat anticipator

E. Cooling anicipator

F. Cover

G. Thermometer

H. Subbase

(NOTE: Be sure the subbase matches the equipment.)

I Manual switches

1. Fan Jvvitch

2 System switch

IV Parts of a millivolt thermostat (Transparency 2)

A Bimetal temperature sensing element

B EleGtrical contacts

!Mechanical points

1 ,,:,,r( ury 1-.);,1
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INFORMATION SHEET

C. Manual temPeraturr. seler.tor

D. Heat anticipator

E. Cover

F. Thermometer

G. Subbase

V. Parts of a line voltage thermostat (Transparency 3)

A. Temperature sensing element

1. Bimetal

2. Gas/liquid filled bulb

B. Electrical contacts

C. Range adjustment knob

D. Differer.tial adjustment screws

ACR II - 7 -B

t

1. Cut-in

2 Cut-out

VI. Thermostat con-acts (TranspL-- icy 4)

A. Snap action

1 Single pole single throw

2. Single pole double tnrow

(NOTE :iiome snap action thermostats will itse a magnet at the contacts
to make them close quicker and prevent arcing of the points.)

B Mercury bush

1 Single pole single throw

2 Single pole double throw

iMnTE These mercury bulbs are vacutir -,ealeri to

15S

i if F "si e n t arcing )
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INFORMATION SHEET ...-t

VII. Shapes of thermostatic bimetals (Transparency 5)

A. Helix

B. Cantilever

C. "U" shaped

D. Spiral

E. Snap-disc

Vli I. Operation of a thermostatic bimetal

A. Two different metals bonded together

1. Brass Expands rapidly

1

2. Invar Expands slowly

B Warps when heated or cooled due to different rates of expansion

C. Warping action causes opening or closing of thermostat contacts

I X. Thermostat anticipation

A. Heating

1 Thermostats with bimetal sensing elements

2. In series with thermostat contacts

3 TW 0 tyoes

a Fixed- Carbon resistor

b AdjuitableVarfable resistor

4 Setting determined by current draw of load

Gas valve solenoid

b Electric heater contactor

;CAUTION Never bypass the control load with a jumper wire
or other device, as this will cause the heat anticipator to open.
This rn.iy also cause the anticipator to overheat and cause a fire.)

I'.01-F.. The anticipator on a millivuit thermostat must be p'--ed
din« t'v against the bimetal. These should only be used on 150
,,, ,,, ",t cystow,

1.5j
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INFORMATION SHEET

B. Cooling

1. Generally low voltage wall thermostats

2. Carbon resistors

(NOTE: It is passible to change these anticipators, but check with the
thermostat manufacturer before changing.)

3. Resistance of anticipator is determined by the current draw of
the contactor co'l

,. Parallel to thermostat contacts /
X. Characteristics of a two-stage thermostat

A. Cooling

I. Controls two cooling capacities

2. Two switches on one bimetal, usually mercury bulbs

3. Two degree differential between switches

4. First stage closes at approximately 2°F above the "set"
temperature

5. If termperature continues to rise second stage will close at
approximately 4°F above "set" temperature

6. Both switches will be open at "set" temperature

B. Heating

1. Used for the followi% heating situations:

a. Gas heating with dual gas valves

b. Electric furnaces with extra strips

c., Heat pumps with electric strips for supplementary heat

2. Two switches on one bimetal, usualfy mercury bulbs 1

3. Two degree differential between switches

4. First stage closes at approximately 2°F below the "set"
temperature

5. If temperature continues to drop second stage will close at
approximately 4°F below "set" temperature

6. Both switcnes will be open at set temperature
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INFORMATION SHEET

C. Combinations

1. Two-stage cooling and single-stage heat

2. Two-stage heat and single-stage cooling

Xl. Advantages of time controlled thermostats

A. AUtomatically lowers temperature at night

1. Provides more comfortable sleeping

2. Conserves energy

a. Summer by lowering temperature at night when equipment
runs more efficiently

b. Winter by reducing the on time of heating equipment

B. Automatically increases temperature during the day

C. Convenient in winter because the increase in temperature occurs early before
the occupant arises

XII. Guidelines for installing a wall thermostat

A. Seal the wire opening in the wall

B. Must be level

C. Locate in conditioned area

D. Must have normal air circulation

(NOTE. Do not locate the thermostat behind a door or other dead air
space.)

E. Locate on inside wall approximately 4' 6" to 5' above floor

F. Keep away from sources of Srtificial heat or cold such as:

1. Television sets

2. Lamps

3, Direct sunlight

4. Drafts

5 Walls adjacent to bathrooms

6. Kitchen walls
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INFORMATION SHEET

Applications of thermostats

A. Low voltage

1. Central heating systems

2. Central cooling systems

B. Millivolt

(NOTE: This ty of thermostat is used primarily on gas heating
equipment)

1. Wall h t9rs
hod

2. Floor furnaces

3. Central healers

(NOTE. The majority of the central heaters have low voltage
thermostats.)

C. Line voltage

1. Window air conditioners

2. Domestic refrigeration

3. Commercial refrigeration

4. Industrial air conditioners

5. Ventilators

XIV. Thermostat bb3se terminal markings (Transparency 6)

A "V" or "R" -Power supply

B. "F" or "G"--Fan

C "H" or "W"--Heat on single stage

D. "C" or "Y"--Cooling on single stage

E. "H1 or "W1"--First stage on two stage heat

F. "H2" or "W2"--Second stage on two stage heat

G. "C1" or "Y1"--First stage on two stage cooling

ri "C2" or "Y?"--Second stage on two stage cooling

(NOTE' The majority of tha thermostat manufacturers are now using the R,
G, W, and Y markings but not all of them. The two systems are never mixed
toge'ner
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INFORMATION SHEET

I. Rh-Power heating transformer

J. Rc- Power cooling transformer

(NOTE. Some systems are separate control power transformers, and the Rh is
the powej for the heating system and Rc would be the power for the cooiing
system. If this type of subbase is used on a system With one transformer, tne
Rh and Rc must be connected together)

0

16i
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Permanent M mnet

Low Voltage Thermostat Parts

Fixed Contact

mrritrMechanical Point Electrodes
Electrical Contacts

Tube

ti
;,,,arcury But

Moving Contact

Merci ry

.

Bimetal Temperature Sensing Element

Manual Switches

Cooling Anticipator

164

Cover

Thermometer

Manual

Temperature Selector

Adjustable Heat Anticipator

C)
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Millivolt Thermostat Parts

Manual Temperature Selector Tube

Electrical Contacts

Mercury Bulb/
MercuryThermometer Electrodes

Cover

Mounting Holes_

Terminal Screws

Subbase

Mounting Holes

Bimetal

Heat Anticipator

Mechanical Points

Bimetal Temperature Sensing Element

, 161 .



Bellows

Line Voltage Thermostat Parts

To Temp. Controller Mechanism
Bimetal

Temperature Dial ,,

Electrical Contacts

Heating Or

Cooling Selection
Dial

1

Thermal Sensitive Tubing

Heat/Cool Thermostat

16:3

Remote Temp. Sensing Bulb

Range Adjustment

c)

16J co



Thermostat Contacts

Electrical Contacts

Single Pole Single Throw

Snap Action

Mercury Bulb

N
_

Mercury Globule

Single Pol3 Single Throw

Electrical Contacts

Single Pole Double Throw

Mercury Globule

Single Pole Double Throw



Bimetals

A :
IA

Rotary Movement

'U' Shaped

Cantilever

Snap-Disc

Movement (Warpage)

/

---- Heat

Helix

Rotary Movement

. ,

A
II

Spiral

g 1.)

a, 173 ;n3
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A Thermostat Subbases
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BASIC ELECTRIC THERMOSTATS
UNIT

ASSIGNMENT SHEET #1--WIRE MERCURY BULB TO CORRECT TERMINALS

On the drawing below connect the mercury bulb leads.to the correct terminals. Remember,
the bimetal will coil tighter as it cools.

176
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BAS!C ,E,LECTRIC THERMOSTATS
UNIT I
-1,

, .

ANStER TO ASSIGNMENT SHEET

L

'\. 1
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BASIC ELECT RIC I HERN105TA
UNIT I

480

jr)E3 StILET DETEMINE HEAT ANTICIPALOI-

,Ind mdteridls

A Ammeter

B Cc.I of wire- 10 loops

HeAing unit with 24v control

Pro,-eciure

,\ Disconnect power from heater

B Place coil of wire in series with one side of heating ,ontrol (Figure 1 I

'NOTE This may be either a gas valve or an electric relay I

Transformer %.--%44%\

r

utt settmo obov, din!), to



JOB SHEET

E CI,Arnn ,;1-ineter tie °ugh thn coil of ire (Figure 2)

71-.7

A 1
r----

TusLrinnr

Thermostat

k

7:11,c nn eter reading

of''irP

rid/nn [eti

Ar'vTICIOr re,id,nq 4
= 4

01,2 normil dnitc,11) t r setting.)

Int,C,ipatf)r on tilernilostat

To Burner

ni1(.11,o'tUter; controls will print the ampere drdo
,0 to/t; JI on (lie side but in case it is not the above procedure [Trey

tn detef,Iiiii- it

r", Tied. Pt

-ii Hry,ir

;

i
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BASIC ELECTRIC THLR\110-;TATS
UNIT

T 2 INI-JALI_ A JALL -THERMOSTAT

r,.1r:t IJ1S

tip scre,;',/(iriver

dtc,, I

Vro ctrIryers

D Pot ker scre\vdnver

Screv., stJr ter

jCQC tnermocrot subbase

Heat cool teemlostat

F ,-onductor thermostat \vire

,y) ,,;;;!i for flere,lost-dt

'Nur' floor 54 to 60 ,cl'es

sr,o. to rentet SL11)1),15()

') ariJ ce nter I t

;),r) ,s son',ct.mes LI50(i FL)! .-IricLI!on ,ic(

SC) c:; F hpitt, 1

10 0
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BASIC ELECTRIC TFERNIOSTATS
UNIT I

NAME

TEST

ACR II 33-B

1. Match the terms on the right to the correct definitions or descriptions.

a. Generally above 50 V.A.C. in 1. Thermostat
air-conditioning and refrigeration
controls 2. Heat

anticipator
b. Two metallic alloys bored together

which have different rates of expansion 3. Millivolt
and will warp when exposed to a
temperature change 4. Subbase

c. Voltage which is genera...id by a 5. Bellows
thermocouple; used for heating only

6. Mercury bulb
d. A corrugated cylindrical container which

moves as pressures change 7. I nvar

e. Portion of the thermostat that is 8. Line voltage
attached to the wall and to which all
thermostat wiring connections are made 9. Bimetal

f. Device ,thich senses temperature 10 Low voltage
condi ins and, in turn, acts to control
a ci u t 11. Cooling

anticipator
g. Thermostat contacts consisting of a

small amount of liquid mercury sealed
in a glass tube

h Meta: which is an- iron ar nickel ahoy

1. A 24 V.A.C. ci.rcuit air conditioning
and ref rigei a ;Jon controls

1
A small, usually variable resistor in series
with the thermostat contacts and load
which will generate a small amount of
.heat and cause t1-1 contacts to open
early

k Ge-erally a fixed -Psi/tor v,ired parallel
t. the cooling contacts which will
generate a small arm,:mt of heat and
cause the contacts to close early

1 S"
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2 Name three Lypes of thermostats

a.

h

n
,1

C

1)

!den tif,, the ;)arts of a low voltage thermostat.

cr
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4. Identify the parts of a millivolt thermostat.

ACR II 35-B
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5. Identify the parts" -of a line voltage cnermostat

..-"`-

185
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6. Identify the following thermostat contacts by name and Switching action.

b.

d.

a.

c.

7. Identify the following shapes of thermostatic bimetals.

b.

J

e

18C

c.

A
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10. Discuss the characteristics of a two-stage thermostat.

V

. Cooling

b. Heating

I

..........

ACR II - 39-B
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r

c. b Cbmbinations

11. Discuss the advantages of time con troI.:4! thernoqr,it.,

12. Select guidelines for correctly mg a room there 'star 1)y pidc. .i 01'
irt the appropriate blanks.

a May be mounted on any wall

b. Locate in con, tio4 led area

c. Locate 4' above the floc)r

d. be level

e. Locate behind a door for protcction

f. Must have normal Jir circu

g. Loc rte on outside wall 4' 6 to 5' abovi,

<( er, away from ()I ,ir ht.(

Lrica te On inside Wail ox,i,late!,,, 4' 1,''

I(0 ,1, th, (11,f9)1, q; In

,8 9

V.1

4

114



13. List the thermostat applications.

a. Lowvo- ltage

1.

2.
.

, b. Millivolt

1.

2.

c." Line -voltage

1' 1 , t_

2i

4.

5.

R II 41-13

14. Match the low voltage theNostat terminal markings cg the .fleft3to the proper
component. Each component may be used more than once.

A

1. Second stage on two stage heata. C-1

b. v

c. G

d 172-

e. Rh

f., Y1

R

rt; VJ

F

w2

2. Fan

3. Power 6boling transformer
. . ,

$ ,
4. Second :stage on two stage cooling

,4pooling on single stage

6 Po car supply

7. Heat ot; Te.i:stege

8. First -two stage cooling

9, Power 'heating transformer

(/,.." 10. First stage on two stage heat

tC:itj

kJ
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1..

/

k Rc

I C-- 2

m. H

/ n C

/ Y Z,-,c

- -P' Wi
1

. ci. Y

r. H1
r

15, Demonstrate The ability to:

a. 'v"'ir mercury bulb to correct terminals.

b. Ddermine heat anticipation.
--.. :f

c. Alall a wall thermostat.
, .

'1*

(NOTE: If these activities have not been accomplished prior to tha test, ask
your instructor when they should be completed.)

'1

I

1 19 I_
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BASIC ELECTRIC THERMOSTATS
UNIT I

ANSWERS TO TEST
P

1. a. 8 g. 6

b. 9 h. 7

c. 3 i. 10

d. 5 j 2

e 4 k. 11

f 1

2. a. Low voltage

b. Millivolt

c. Line voltage

1. Heating or cooling

2. Refrigeration_

3, a. Adjustable heat anticipator

b. Manual switches

c. Subbase

J Cooling anticipator

e. Bimetal temperature sensing element

f Mercury bulb

g. Bimetal temperature sensing element

h. Mechanical points

i. Thermometer

j. Cover

k. Manua! temperature selector

4. a. Subbase

b. Mechanical points

1 9 ir)..,

ACR II - 43-B
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i

4 .

.
.

C Bimetal temperature sensing element ...

d. Mercury bulb

e. Bimetal temperature sensing element

f. Heat anticipator

g. Thermometer

h. Cover

i. Manual temperature selector

5. a Gas/liquid filled bulb temperature sensing element

b. Bimetal temperature ,sensing element

c Electrical contacts ,,

d. Range adjustment knob

e. Cut-out

f Cut in

6. a. Mercury bulb, single pole double throw

b. Snap action, single pole double throw

c Snap action, single pole single throw

d Mercury bulb, single pole single throw

7 a. "U" shaped

b Snap-disc

c Cantilever

d Spiral

e. Helix

8. Discussion should include:

a. Two different metals bonded together'

1) Brass--Expands rapidly

2) Invar -Expands slowly

193
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b. Warps when heated or cooled due to different rates of expansion

c. Warping action causes opening or closing of Thermostat contacts

9. Discussion should include:

a. Heating

1) Thermostats with bimetal sensing elements

2) In series with thermostat contacts

3) Two types

a) Fixed--Carbon resistor

b) Adjustable Variable resistor

4) Setting determined by current draw of load

a) Gas valve solenoid

b) Electric heater contactor

b. Cooling

1) Generally low voltage wall thermostats

2) Carbon resistors

3) Resistance of anticipator is determined by the current draw of

the contactor coil

4) Parallel to thermostat contacts

10. Discu§sion should include:

-a. Cooling

1) Controls two cooling capacities

2) Two switches on one bimetal,usually mercury bulbs

3) Two degree, differential between switches

41.

4) First stage closes at approximately 2°F above the "set"
temperature

5) If temperature continues to rise second stage will close at

approximately 4°F above "set" temperature

6) Bcch switches will be open at "set" temperature

194
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b. Heating

1) Used for the follo,iving heating situations:

a) Gas heating with dual ges valves

b) Electric furnaces with extra strips

c) Heat pumps with electric strips for supplementary heat

2) Two switches on One bimetal, usually mercury bulbs

3) Two degree differential between switches

4) First stage closes at approximately 2°F below the "set"
temperature

5) If temperature continues to drop second stage. will close at
approximately 4°F below "set" temperature

6 Bothi, switches will be open at set temperature

c. Combinations

1) Two stage cooling and single-stage heat

2) , Two-stage heat and single-stage cooliog

11 Discussion should include

Automatically lowers temperature at night

1) Provides more comfortable sleeping

2) Conserves energy

a) Summer by lowering temperature at night when equipment
.runs more efficiently

Winter by reducing the on time of heating equipment

Automatically increases temperature-during the day

c ConveniTmt in winter because the increase in temperature occurs early before
the occupant arises

12. d, f, h, 1, j

13. a. Low s'oltage

1) Centrirk heating systems

2) Central cooling systems
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b. Millivolt

1) Wall heaters

2) Floor furnaces

3) Central heaters

c. Line voltage

1) Window air conditioners

2) Domestic refrigeratior

3) Commercial refrigeration

4) Industrial air conditioners

5) Ventilators

41

c-.

ACR II 47-B

14. a. 8 j. 1

b. 6 k. 3

c. 2 4

d i m. 7

?. n. 5

f 8 o. 4

g. 6 p. 10

h. 7 q. 5

i. 2 r. 10

15. Performance skills evaluated to the satisfaction of the instructor

1 96
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RE LAYS
UNIT II

UNIT OBJECTIVE

After" completion of this unit, the student should be able to identify and discuss different
types of relays, draw connecting wiring, and check wiring and relays with electrical test
instruments. this knowledge will be evidenced through demonstration and by scoring
eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms associated with relays to the correct definitions.

2. Identify moor .starting relays.

3. Identify control (-eta\ switching symbols.

4. Match the comprsnents to the correct relay terminal markings.

5. List the selection specifications of motor relays..

6. List the six specifications of a contactor.

7. Discuss the characteristics and types of time delay relays.

8 Draw the connecting wiring of a hot wire relay.

9. Draw the connecting wiring of a current relay (coil type).

10 Draw the connecting wiring of a potential relay.

11. Draw the connecting wiring of a fan relay.

12. Draw the "connecting wiring of a contactor. _

13. Demonstrate the ability to:

a. Wire a current relay (hot wire).

b. Wire a current relay (coil type).

c. Wire a potential relay.

d Wire a fan relay.

I 97
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a

e. C,ieck relays with an ohmmeter.

f. Check relays with a voltmeter.

g Check relays with `an ammeter.

C.,

##

4
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RE LAYS
UNIT il

SUGGESTED ACTIVITIES

I. Instructor:

A. Provide student with objective sheet.

10 B. Provide student with information and job sheets.

C. Make transparencies.

D. Discuss unit and specific objectives.

E. Discuss information sheet.
a

F. Demonstrate. and discuss the procedures outlined in the job sheets.

G. Draw a completer relay wiring diagram on chalkboar.d.

H. Demonstrate checking repays with elect-ical test instruments.

I. Give test.

II Student:

A Read objective sheet.

B. Study information sheet.

C. Complete job sheets.

D. Take test
eao

INSTRUCTIONAL MATERIALS

I Included in this unit:

4. Objective sheet

B. Information sheet

C. Transparency masters

1. TM 1--Motor Starting Relays

2 TM 2--Contactor

199
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c? i

3. TM 3--Time Delay Fielays

4 TM 4 Wiring for a Hot Wire Relay

5 TM 5- Wiring for a Current Reipy (Coil Type)

6. TM 6--Wiring for a Potential Relay

7 TM 7--Wiring for a Fan Relay

8 TM 8-- Wiring for a Contactor

D Job sheets

1. Job Sheet #1--Wire a Current Relay. (Hot Wire)

2 Job Sheet #2--Wire a Current Relay (Coil Type)

3 Job Sheet #3--Wire 3 Potential Relay

4 Job Sheet #4- Wire a Fan Relay

5 Job Sheet #5--Check Relays With an Ohmmeter

6 Job Sheet #6 -Check Relays With a Vcltmeter

7 Job Sheet #7- Check Relays Wifh an Ammeter

E Test
c!

F Answers to test

II References

A Langley, B C. Electric Controls for Refrigeration and Air Conditioning.
Englewood Cliffs, New Jersey' Prentice-Hall Inc., 1974

B. Althouse, Andrew ft, Turnquist, Carl H.; and Bracciano, Alfred F. Modern
Refrigeration and Air Conditioning. Homewood, Illinois: Goodheart Willcox

Co , 1975.
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Terms and definitions

"ACR I I 53 -B

r

RELAYS
U N I T I I

INFORMATION SHEET

SEP
f

A. Relay- Electromagnetic switch

B. Time delay relayProvides a predetermined interval between operations ofa device ".
C. Contactor--Magnetic relay switch which ctsually openS and closes a line -

'voltage circuit, actuated by a control circuit magnetic coil
,.

D Potential relay- Motor starting relay that operates off of the back MF
generated in the start winding; used primarily on 1/2 h.p. or larger rotors

E. Current relay (coil type)- -Motor 'starting relay that disengages- the start
winding, after the compressor motor reaches 75% of its rated speed; used

on fractional horsepower, motors . .

F Current relay (hot wire type)--MOtor starting relay that disengages the start
winding by the movement of a thermal wire; used on small fractional
horsepower motors

G. Control relay Electromagnetic switch that controls a line voltage load by
means of control voltage"

H. Pilot duty--An e'ectrical rating applied to devices used to energize and

de-energize pilot (control) circuits

II Moto starting relays {Transparency 1)

A. Voltage relay (potential)

B. Current relay

1. Coil

2. Hot wire

C Solid state relay

M. Control relay switching symbols

(NOTE Control relays are available with many variations of switches. The

common switching arrangenients are given below.)

A Single pole single throw, normally open (SPST, N.0.)

0 H

201
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1 INFORMATION SHEET

B. Single 'pole- single throw, normally closed' (SPST, N.C.

0

C. Single pole double throw

0
D. Double pole single throw, normally open (DPST,. N.O.)

o-
0

ff
II

0
0

E. Double pole single throw, normally closed (DPST; N.C.)

9 N..
F. Double pole single throw, normally closed and normally open (DPST, N.O.

and N.0.).
0 I I 0

(NOTE. Circuit diagrams will always stow a rOay in the de-energized
position.)

IV. Relay terminal markings

A. Current relays and solid ate

(NOTE: Current relays include both hot-wire and coil type.)

1. Terminal "L" connects to line voltage

2. Terminal "M" connects to motor run winding

(NOTE; Some relay manufacturers may mark this terminal with
an "RH.),

3. Terminal "S" connects to motor start winding

(NOTE: Some relay manufacturers mark this teminal with a "P"
for phase winding and others1/4mark it with an "A:' for auxiliary
winding.)

4. Terminals #1 and #2 are points for wire conr _ tons

(NOTE These terminals are not connected to the internal working
components of the relay ) A

2 0 2
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INFOPMATION SFIEET

B Voltage relays (prtential)

(NOTE Solid state relays used for this application have two unmarked
terminals wnich connect to the run capacitor terminals.)

1 Terminal #1 connects to start capacitor

2 Terminal #2 connects to mctor start winding

3 Terminal #5 ,:onnects to motor commcin terming'

4 Terminals. #3, #4, and #6 are points for :ovie connectiOns

(NOTE: These terminals are not connected to the internal working
components of the relay.)

,
(NOTE Control relays such a; fan relays.have their terminal markings
identified on the side I the relay.)

(CAUTION: Do not connect line 'voltage leads onto the low voltage coil
terminals of a conttol re.ay because this would ruin the relay.)

V Selection specificat;onS of motor relays

A Current relay (coil type)

I. Original relay part numoer

2. ' Compressor motor model number

3. Compressor motor horsepower

4 Voltac,e

5. Pos.tional

G. Equipment :model and serial number

B Current relay (hot Wire type) /.

1 Original relay part number

2 Compressor motor horsepower

3 , Compressor motor amperage

4 Voltage
rt

Equipment model and serial number

202n,
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INFORMATION SHEET

C. Voltage relay (potential)

ea.
1 Original relay part number

2. Compressor motor horsepower

3 Line voltage

4 Constant coil voltage

(NOTE' The constant coil voltage is the back EMF generated in

the compresor motor start winding )
*or

5 Pick up voltage

6 Dropout voltage

Solid state relay

One size replaces all current relays on 1/12 thru 1/2 horsenower

compressor motors

2. One size replaces all hard start kits on 1i2 thru 5 horsepower

per manent split capacitor ccmpresso. motors

3 Nonpositional

4 Line voltage

(NOTE 1 his type of reiay is not recommended for use on
nonequalized systems )

E Control relay

1 Original relay part number

2. Cori vol tage

3 Full load amperage of load being controlled

4 Locked rotor amperage of load being controlled

5 switch arrangements

Load horsepower

n 4
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/0
INFORMATION SHEET

VI. Specifications of contactors (Transparency 2)

A Original contactor part number

B. Full load amperage of load

C. Locked rotor amperage of load

D. Number and positions of poles

E.' Coil voltage
4

F-. Dimensions of contactor

VII. Time delay relays (Transparency 3)

A. Characteristics

1. [delays or sequences the energizing of loads

Example This type of relay is commonly used for electric
heating to prevent the total load from coming on
at one time

2 Pilot voltage controlled

3 Line voltage contacts

(NOTE Some relays will have low voltage contacts in addition
to line voltage contacts Do not get the two sets of contacts
confused.)

B Types

1 Thermal warp switch

2. Magnetic coil and lever in an oil filled cavity
c

3 Motorized with cam actuated co itacts

VIII. Connecting wiring of a hot wire relay (Transparency 4)

I X Connectintil wiring of a current relay (coil type) (Transparency 5)

X Connecting wiring of a potential relay (Transparency 6)

XI. Connecting wiring of a fan relay (Transparency 7)

XII Connecting wiring of a contactor (Transparency 8)
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Motor Starting Relays

Current Relay (Coil Type)

Voltage Relay _(Potential)

20C

Solid-State Relay

For PSC Compressor

Solid-State Relay

Current Relay (Hot Wire)
207
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Contactor

fir
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Wiring For A Hot Wire Relay
i

Thermostat

Compressor Motor
Hot-Wire Relay

r
1

S

120 Volts A.C.



Wiring For A Current Relay (Coil Type)

To Thermostat

Or Switch

Compressor Motor

M
To L2

L

Start Capacity,'

Overload

Relay Contacts Normally Open

120 Volts A.C.,..

213
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Wiring For A Potential Relay.

Start .

Capacitor

Li L2

Bleed
Resistor

\
Compressor' Motor



1

Wiring For A Fan Relay

L1-

Power Supply

L2

Ls.

Relay Contacts
,,, t.... MID MD 1.I MID

Fan Motor

Controller

Transformer

Primary 1.i..,-I Secondary

1

1

I

I

1

I
1

I

Relay I
Coil I

WOO

215
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Wiring For. A Contactor

Li
Power Supply

Primary

L

eh

Secondary

Controller

transformer

Compressor Motor
Contactor

216
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RE LAYS
UNIT II

JOB SHEET #1- WIRE A CURRENT ',i'lLAN1' (HOT tVIRE)

I Itir.)1g and materials

A Screwdriver (Standard slot)

B Screw starter

C Needle nose pliers

13. Hot wire relay

E Refrig anon s stem
#

i I Procedure
..; 1

, ,

A Cfleck to be sure the electrtal power is disconnected from system

ACR II 75 -B

(CAUTioN Discharge start capacitor with a bleed resistor if the starting
circuit has one.)

i:
B Check horsepower and voltage rating of compressor motor

r
..

C Check relay to be sure that is the proper size for the compressor motor

D. -Remove existirt relay und wires from compressor motor terminals

E Mark each wire as to its' point of connection as it is removed

(NOTE When you are changing an electrical component, it is always a
good idea to identify the location of iach wire as it is removed.)

O' COnnect line voltage wire to "L" on the relay \
(NO'M'E. The temperature control, should be in the line wire. Refer to ,,'
transparency for a wiring diagram.)

G. Connect a wire from "5" on the relay to the start terminal on the
compressor motor

9

(NOT: )t the system requires a start capacitor it must go in series between
"S" on the relay and the compressor motor start terminal )

H Connect a wire from."M' on thy relay to the run terminal on the compressor'
motor

V
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I

,-; JOB SHEET #1

I. Connr:t the other side of tne line voltage wire to the con pressor motor

common terminal

(NOTE. An external overload is not "used with a hot wire relay.)

, J. Have instructor inspect

K Connect electrical power
L.

L. Close temperature control

(CAUTION: If the compressor motor does not start or if it short cycles,
disconnect the power and recheck procedure.)i

M Clean up and put away tools

216
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RELAYS
UNIT It

JOB SHEET #2 .V1RE A CURRENT RELAY (COIL TYPE)

I. Took and materials

A Screwdriver (standard slot)

B Screw tarter

C Needle nose pliers

D Current relay

E Refrigeration system

Procedure

A Check to he sure the electrical power is disconnected from system

(CAUTION' Discharge start capacitor with a bleed resistor if the starting
wont has one.)

B Check horsepower and voltage rating of compressor motor

C Check relay to be sure that it is the proper site for the compressor motor

D Remove existing relay and wires from compressor motor terminals

E Mark each re as to its point of connection as it is removed

(NOTE When you are changing an electrical component, it is always a
good idea to identify the location of each wire as it is removed I

F Connect line voltage wire to "L" on the relay

(NOTE The temperature control would be in this electrical line wire Refer
to transparency for a wiring diagram.)

G Connect a wire from "S" on the relay to the start terminal on the
compressor motor

i NOTE. If the system requires a start capacitor, it must go in series hf-t\ veen
"S" on the relay and the compressor motor start terminal.)

Connt,ct a wire from "MI' on the relay to the run terminal on the compressor
ntk)

21 9
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JOB SHEET #2

I. Connect the other side of the line to the compressor motor external overload

J. Mount the relay in the proper position

(NOTE: Coil type current relays must be mounted in the proper position

to nrevent the start contacts from remaining closed.)

K. Have instructor inspect

L. Connect electrical power

M. Close temperature control

(CAUTION: If the compressor motor does not start or if it sh4t cycles, .

disconnect the power and recheck procedure.)

N. Clean up and put away tolls

H
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RE LAYS
UNIT II

JOB SHEET #3 WIRE A POTENTIAL RELAY

I Tools and materials

A Screwdriver (standard slot)

B Screw starter

C Needle rose pliers

D Pot, ,)tial relay

E Refrigeration system

F Start C pacitor

II, Procedure

A Check to be sure the electrical power is disconnected

B Check horsepower and voltage rating of compressor motor

C Check relay to he sure that it is the proper size for the compressor motor

D Remove existing relay and wires from compressor motor terminals

E. Mark eau) wire as to its point of connection as it is remoQd

(NOTE When you are changing an e!ectrical component, it is always a

good idea to identify the location of each wire as it is removed ;

F Connect one side of line voltage to one of the start capacitor tF rni, Is

G Connect a wire from the remaining start capacitor tern pal to :-;t1 on the

potential relay

(NOTE The start capacitor should be equipped with a lilt i l resistor )

H Connect a wire from #2 on the relay to the start ter,h In& on t!;;; co1,1,1-e5Sor

Onnct a wim from #5 on the relay to the COrrirTion

motor

compressor motor 2

221.
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JOB SHEET -03

(NOTE: This wire may connect to one side of an external overload
depending on the system used Check with the instructor if in doubt.)

J Have instructor inspect

K Connect electrical power

L Close temperature control

(CAUTION If the compreSSor motor does not start or if it short cycle,
disconnect the power and recheck procedure.)

M Clean up and put away tools

292
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RE LAYS
UNIT II

JOB SHEET #4--WIRE A FAN RELAY

I. Tools and materials

A. Screwdriver (standard slot)

B. Screw starter

C. Needle nose pliers

D. Fan relay

E. Blower unit with 24 V.A.C. control

II. Procedure

A. . Check to be sure the electrical power is disconnected

B. Locate the "hot" wire going to the fai motor

(NOTE: This would be the wire that is connected to the black wire from

the power supply.)

C. Place the line voltage contacts of the relay in series with the "hot" wire

(CAUTION: Check the relay and be sure which terminals are for line voltage
and which are for low voltage before connecting any wires)

...

D. Connect a wire from one side of the relay coil to the secondary common
of the 24 V.A.C. transformer

E. Connect the other side of the relay coil to a control switch

(NOTE: If this is a central heating and cooling system, the relay coil would
probably connect to a green wire from "G" or "F" on the thermostat
subbase.)

F. Have instructor inspect

G. Connect electrical power

H. Close the control switch

(NOTE: If the fan motor does not start, disconnect the electrical power
and recheck the procedure.)

I Clean up and put away tools
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RE LAYS
UNIT H

JOB SHEET ---t5 CHECK RELAYS WITH AN OHMMETER

Tools and materials

A Current relay (coil tyre)

B Potential relay

C Oh rnmeter

II Procedure

(NOTE This procedure will not work to check a nonpositional relay )

A Zero ohmmeter in R x 1 scale

(NOTE All electrical power must be disconnected from the system and
disconnected from a relay when checking it with an ohmmeter )

h Place ohmmeter leads on "L" and "M" terrmna!s of the current relay

C Hold -e'ay In upright position

Read ohmmeter scale

'NOTE If the ohmmeter reads approximately one ohm the relay Cod is
,)L,4y, but if it reads infinity, the relay coil is open )

Vo\de ontroneter lead from "L" to "S" on relay

\OTE If the ory-n-aeter reads infinity, the relay contacts are open as they
(lhut,_,'d be but if it has a low resistance reading, the contacts are stuck

,pd

Turn upside down

(:) Pwce otirvnloter ieads on "(\l" and "S" terminals

'<OTE Ii tI y ohmmeter has a low resistance reading, the contacts are
i1 iy, but ,t 11rr r is int inity or high resistance, contacts are not closing
ii/o;),rIy

Plicp ohnifitoi lead( on terminals #1 and ;12 of the potential relay

(Nu It the ohmmiter reads infinity or high resistance this indicates
cont,wic, hip if there IS a /etc. ohm reading this S

orilac rc '
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JOB SHEET #5

I. Move ohmmeter lead from terminal, 11 to 5'

J. Read the ohmmeter

(NOTE. The resistance of the coil- of a potential relay is high around 800
ohms due to the many turns of fine wire )

K Have the instructor check your work

L. Clean up and put away tools and materials

..,...-,
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RELAYS
UNIT II

JOB SHEET #6 CHECK RELAYS WITH A VOLTMETER

I. Tools and materials

A Current relays

B. Potential relay

C. Voltmeter

D Refriyeration systems

II. Procedure -

A Place voltmeter function switch in the highest AC range

B. Place voltmeter leads on the "L" and "S" terminals of a' current relay

C. Turn on refrigeration system

D. Read voltmeter

E Select lower voltmeter scale if the meter does not read in center one-third
of scale

(NOTE Voltage reading should only be momentary then drop to zero.
If voltage reading exists. for longer than ten seconds, disconnect electric
power and check for stuck relay contacts.)

F Place voltmeter function switch in the highest AC range

G Place voltmeter leads on the #1 and #2 terminals of potential rela\,

H Read voltmeter momentarily after start up

(NOTE. At the instant of start the voltmeter will read zero, but as soon
as the compressor motor reaches approximately 75% of its running speed,
the contacts should open and the voltmeter will read line voltage

Place the voltmeter leads on the »2 and #5 terminals of the potential
relay

J Read the back EMF and record

K. Have the instructor check

L Disconnect electric power from refrigeration system

M (.;lean up and put away meters

22C
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RELAYS
UNIT II

JOB SHEET #7--CHECK RELAYS WITH AN AMMETER

I. Tools and materials

A. Current relays

B. Potential relay

C. Ammeter (clamp on type)

D. Refrigeration systems

II. Procedure

,.

A. Place ammeter in highest scare

B. Clamp ammeter around the wire from the "S" terminal on a current relay

C. Connect electricity to refrigeration system

D. Turn on refrigeration system

E. Read amperage draw

(NOTE: Amperage draw should only be momentary then drop to zero.
If the amperage draw does not drop to zero after about ten seconds,
disconnect electricity and check the relay for stuck contacts.)

F. Clamp ammeter around the wire from the "IC" terminal on a current relay

(NOTE: The refrigeration system should be running.)

G. Select ammeter scale that will give a center scale reading

H. Check refrigeration systems data plate to obtain F.L.A.

I. Compare the rated F.L.A. to the ammeter reading

J. Have instructor check

K. Place ammeter in highest scale

L. Clamp ammeter aound the wire from terminal #2 on a potential relay

M. Start refrigeration system

227
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JOB SHEET #7

N. Read amperage draw

(NOTE: Amperage draw should only be momentary then drop off. The-a
may be a slight amperage draw due to the back EMF.)

0. Have instructor check

P. Stop refrigeration system
t...

0. Disconnect electricity

R. Clean up and put away tools

22S
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UNIT II

NAME

TEST

ACR II 89-B

1. Match the terms on the right to the correct definitions.

a. Motor starting relay that di "engages the 1. Potential
start winding after the compressor motor relay
reaches 75% of its rated speed; used on
fractional horsepower motors 2. Control relay

,

b. Electromagnetic switch that controls a
line voltage load by means of control 3. Relay

voltage

c. Provides a' predetermined interval
between operations of a device

d. Motor starting relay that operates off of
the back EMF generated in the start
winding; used primarily on 1/2 h.p. or
larger `motors

e Electromagnetic switch

f. Motor starting relay that disengages' the
start winding by the movement of a
thermal wire; used on small fractional
horsepower motors .,

Magnetic relay switch which usually
opens and closes a line voltage circuit,
actuated by a control circuit magnetic
coil

h. An electrical eating applied to devices
.., used to energize and de-energize pilot\\ (control) circuits

2. Ident14,,the motor starting relays.

b.

Current relay
(coil type)

5. Pilot duty

6. Contactor

7. Currant relay
(hot wire type),,

8. Time delay
relay

I

ta_
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c. d.

3. Identify the control reilay switching symbols.

a.

c.

e.

O0- 4-t_41

0

d.

f.

0_ o
O O

-0

O

4. Match the components on the right to the correct relay terminal mar kings.

a. #1 voltage relay 1. Motor start
winding

b. L current or solid stale relay
2. Line voltage

c. #2 current rcLiy
3. Wire connections

"M'` current or solid state relay
44. Motor run

e S voleage relay winding

f. #6 voltagenrelay ' 5 Motor «_)n mum
terminal

6 Start caps t,iig "S'" current or solid state vela

h ',itd' ioldy

,3 0 r.



5. List the selection specifications of motor relays.

a. Current relay (coil type)

1)

2)

3)

4)

5)

6).

b. Current relay (hot wire Me)

1)

2)

3),

4)

5)

c. Voltage relay (potential)

1)

2)

3)

4)

5)

6)

d. Solid state rela,

1)

2)

3)

al

231
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e. Control relay

2)

4)

5)

, '

6. List the six' specnications of, a contactor.

a.

b.

c.

d.

e.

f.

7. Discuss the characteristics and types of time de!my relays.

232



wire
,

Draw the connecting wiring of a hot wire relay.

L

.4

4

9. Draw the connecting wiring of a current relay (coil type).

M

ACR II - 93-L;

II

Li
01

i
0

i

i

1

1

1
CrT°

I Overload
Is

FP
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4

10. Draw the connecting wiring of a potential relay

Li L2

----qA/114

7.---

11. Draw the ennnecting wiring of d fan relay

.,.

Ll

Power Supply

L2 4-1
Relay Contacts

0 0 Td F.

Fan Motor

Relay Coil'
I

OVO io-/V-- 1

Controller I- - - - - -'

Primary Secondary

Transformer

234
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12. Draw the connecting wiring of a contactor.

L

Power Supply

L2 --

Compressor Motor

Transformer

Primary Secondary

Contactor

C'Vo
Controller

ACR 11 95-B

13. Demonstrate the ability to-

a. Wire a current relay (hot wire).

b. Wire a current relay (coil type)

c. Wire a potential relay

d. Wire a fan relay.

e. Che, i; relays with an ohmmeter.

f Check relays with a vuitmeter.

g. Check relays with an ammeter.

(NOTE: If these ac,ivities have not been accomplished prior to the test, ask
your nstructor when tf ay should be completed )
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RELAYS
UNIT II

ANSWERS TO TEST

1. a. 4 e. 3

b. 2 f. 7

c. 8 g. 6

d. 1 h. 5

2. a. Current relay (hot wire type)

b. Voltage relay (potential)

c. Current relay (coil type)

d. Solid state relay

3. a. Single pole double throw (SPDT)

b. Double pole single throw, normally closed and normally open (DPST, N.C.
and N.O.)

c. Single pole single throw, normally open (SPST, N.O.)

d. Double pole single throw, normally open (DPST, N.0.)

e. Single pole single throw, normally closed (SPST, N.C.)

f. Double pole single throw, normally closed (DPST, N.C.)

4. a. 6 e. 5

b. 2 3

c. 3 g. 1

d. 4 h. 1

5. a. Current relay (coil type)

1) Original relay part number

2) Compressor motor model number

3) Compressor motor horsepower

4) Voltage

5) Positional

6) Equipment model and serial number

23C
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b. Current relay (hot wire type)

1) Original relay part number

2) Compressor motor horsepower

3) Compressor motor amperage

4) Voltage

5) Equipment model and serial number

c. Voltage relay (potential)

1) Original relay part number

2) Compressor motor horsepower

3) I me voltage

4) Constant coil voltage

5) Pick-up voltage

6; Dropout voltage

d. Solid state relay

1) One size replaces all current relays on 1/12 thru 1/2 horsepoer
compressor motors

2) One size replaces all hard start kits on 1/2 thru 5 horsepower
permanent split capacitor compressor motors

3) Nonpositional

4) Line voltage

e. Control relay

1) Original relay part number

2) Coil voltage

3) Full load amperage of load being controlled

4) Locked rotor amperage of load being controlled

5) Switch arrangements

6) Load norsepower

6. a. Original contactor part number

b. Full load amperage of load

c. Locked rotor amperage of load

23 7



d. Number 'and positions of poles

e. Coil voltage

f. Dimensions of contactor

7. Discussion should inclpde:

8.

a. Characteristics

1) Delays onsequences the energizing of loads

2) Pilot voltage controlled

3) Line voltage ,contacts

b. Types

1) Thermal warp switch

2) Magnetic coil and lever in an oil filled cavity

3) Motorized with cam actuated contacts

Thermostat

HotWire Relay
Compressor Motor

ls

120 Volts A.C.

9. Compressor Motor

M

To Thermostat Or Switch To L2

Start

L

IS

Relay Contacts
Normally Open

Start Capacitor

238
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11.

Start Capacitor

46

Li L2

L1

Power Supply

L2

Bleed
Resistor

Compressor Motor

(../1_LH i
I I I

t
I

Fan Motor 1
1

i
I

I I .

(Relay Coil I

Relay Contacts

----o-
Controller ,

Primary Secondary

Transformer

23D
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12.

Li
Power Supply

L2

Transformer

Primary "" Secondary 0/

(---_____ ----)

Compressor Motor

i

Controller

Contactor

13. Pforrnance skills evaluated to the satisfaction of the instructor

t

ACR II 101-B
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PROTECTION DEVICES
UNIT III

UNIT OBJECTIVE

After completion of this unit, the student should be able to match terms to the correct
definitions, identify common types of protection devices, and discuss their operations.
The student should also be able to list national electrical code requirements pertaining
to fuses and circuit breakers. This knowledge will be evidenced through demL,nstration
and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

:.,

After completion of this unit, the student should be able to:

1. Match terms associated with protection devices to the correct definitions.

2. Identify types of overcurrent protection devices.

3. Describe the operation of -a single element fuse.

4. Describe the operation of a time delay fuse.

5. Describe the operation of a circuit breaker.

6. _ List national electrical code requirements pertaining to fuses that are less

than 600v.

7. List four national elect -ical code requirements pertaining to circuit breakers

that are less than 600v.

8. Identify the types of pressure actuated protection devices.

9. Describe the pressure actuated protection devices.

10. Identify the types of electrical system protection devices.

11. Describe the electrical system protection devices.

12. Demonstrate the ability to:

a Adjust a high pressure switch.

b. Adjust a low pressure switch.

c. Install an oil pressure switch.

d Install a rockou t relay.

e Check d solid state compressor motor protector.
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PROTECTION DEVICES
UNIT III

SUGGESTED ACTIVITIES

I . Instructor:

A. Provide student with objective sheet.

B. Provide student with information and job sheets.

C. Make trinspbrencies.

D. Di4t..uss unit and specific objectives.

E. Discuss information sheet.

F. Demonstrate and discuss the procedures outlined in the job sheets.

G. Discuss use of the national electrical code.

H. Give test.

I I. Student:

A. Read objective sheet.

B. Study information sheet.

C. Comolete job sheets.

D. Take test.

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A. Objective sheet

B. Information sheet

C. Transparency masters

1. TM 1 --Overcurrent Protection Devices

2. TM 2--How a Fuse Works

3. TM 3--How a Time Delay Fuse Works

2 (1-If 1.w
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.

4. TM 4--How a Circuit Breaker Works

5. TM 5--Pressure Actuated Protection Devices

6. TM 6--Oil Pressure Switch Wiring Diagram

7. TM 7--Low Pressure Switch Wiring Diagram

8. TM 8--High Pressure Switch Wiring Diagram

9. TM 9--Dual Pressure Switch Wiring Diagram

10. TM 10--Electrical System Protection Devices

11. TM 11-- Lockou t Relay Wiring Diagram

D. Job sheets

1. Job Sheet #1--Adjust a High Pressure Switch

2. Job Sheet #2--Adjust a Low Pressure Switch

3. Job Sheet #3--install an Oil Pressure Switch

4. Job Sheet #4--Install a Lockout Relay

5. Job Sheet #5--Check a Solid-State Compressor Motor Protector

E. Test

F. Answers to test

II. References:

A. Maintaining the Lighting and Wiring System. Athers, Georgia: American

Association for Vocational Instructional Materials, 1971.

B. Protection Handbook. St. Louis, Missouri: Bussman M.P.G.
Division/McGraw-Edison Co., 1972.

C. National Electrical Code. Boston, Massachusetts: National Fire Protection
Association, 1974.,

D. Langley, B. C. Electric Controls for Refrigeration and Air Conditioning.
Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1974.

E. Althouse, Andrew D., Turnquist, Carl H.; and Bracciano, Alfred F. Modern
Refrigeration and Air Conditioning. Homewood, Illinois: Gocdheart-Willcox

Co., 1975.
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,
N..

---. -*, PROTECTION DEVICES
4 # UNIT III

INFORMATION SHEET
.1.

A

Ni.

I. Terms and definitions

A. Overcurrent protection--Weak link in the circuit that limits the amperage
to a specified amount

B. Short circuit--Unintentional grounding of a conductor

C. Circuit breaker--Overcurrent device that trips on overloads or shorts and
is resettable

4.

D. Fuse--Overcurrent device which contains an ment or elements which melt
4

s and open the circuit due to a- short or overload
,-----

E. Protection device Electrical equipment that carries or transqrs current but
: does not use it

c l
Ground fault interrupter Sensitive personal ptotection current limiting
device that opens the. circuit when current leaks to ground

G. Ferrule type cartridge fuse--Fuse with metal caps on a cylindrical case
. .

H. Edison base plug fuse--Fuse with a base that fits the same socket as a regular
based incandescent bulb '

0/ I. Type 'IS" plug fuse--Fuse with special threads for each amperage

--- r
J.

4

classification

Blade \-ype cartridge fuse--Fuse
case r.

.

with flat contact blades on a cylindrical

K. Pressure controls Pressure operated switch

L. Oil failure controls--Switching device that will shut the compressor off due
to low lubricating pressure

M. Manual reset Protection device that must be reset manually after it has
interrupted tje circuit due to -an unusual circuit co fitior,

.---

N. Automatic reset--Protection device that -will reset itself after an unusual
circuit condition no longer exists

0. Pilot duty Protection device that will interrupt the control circalt

I ,

244
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o

INFORMATION SHEET

P. Line duty Protection device that will interrupt the line-voltag circuit

Q. Lockout relay--Protection device that will prevent the compressor from
coming back on after it has shut off due to an unusual circuit condificin
and will not reset until the power is interrupted

II. Types of overcurrent protection devices (Transparency 1)

A. Blade type cartridge fuse
,

B. Ferrule type cartridge fuse

(NOTE: Adapters are available for using low amperage cartridge fuses in
fuse holders designed for high amperage cartridge fuses.)

C. Type "S" plug fuse

(NOTE. Adapters are available for'usihy this type of fuse in place of the
Edison base plug fuse.)

D. Edison base plug fuse

E. Circuit breaker

F. Fusible link / 411
,NOTE: These are used in cartridge type fuses which require different
ampere links.)

III: Operation of a tivgle element fuse (Transparency 2)

A. Fuses contain a current limiting link that will allow a set amount of current
to exist in the circuit

B. When a short circuit or overload exists in the circuit the link becomes hot

-C. The low melting point of the link causes it to break or open if the overload
continues /

IV. Operation of a time delay fuse (Transparency 3)
-1

A. A time delay fuse has a spring loaded link which has one end embedded
in 3 solder cup.

..

B A short circuit will cause the link to break

C An overload will cause the solder holding the spring loaded link to soften

D. If the overload continues, the solder will soften enough to let the spring
pull the link free and open the circuit

245
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INFORMAL VN SHEET

V. Operation of a circuit breaker (Transparency 4)

A. A circuit breaker has a set of internal contacts that are held together when
the breaker is in the "on" position by a trigger

B. 0 ' .act is situated on a bimetallic strip which will be under rapid
heat ge due to the different expansion rates of the metal

C. If tl-e heat becomes extreme enough, aue to an overload or short, the
bending of the bimetallic strip will cause the trigger to trip and the circuit
will open -.

VI. National electric code -''nuirements for fuses that are less than 600v

A. Plug fuses shall not be used in circuits exceeding 125 voits between
conductors

B. Fuses shall be marked with their amperage rating

C. Plug fuses shall be classified at not over 0 to 30 amperes

D. Edison base plug fuses can be used only as replacements

E. Type "S" fuses (fustats) shall be classified at not over 125 volts

F. Type "S' fuses shall be (lasstified at 0 to 15, 16 to 20, and 21 to 30
amperes

G. Different ampere ciasses of type "S" fuSes are not interchangeable

H Cartridge fuses she not be used in circuits. of over 300 volts between
conductors

f. Cartridge `uses shall be marked with their ampere rasing, voltage rating,
and the name or trademark of the manufacturer

VII. National electric code requirements for circuit breakers that are less than 600v

A Shall be .-Apable of being manually tripped and set

Ez . fill have a visible "off" and "on" indication

C Shall be designed sc that setting of tripping amperage nquires dismantling
for other than intended adjustments

D Markings and ratings on bre ikers of less than 100 amperes shall be durable

and visible after installation

24G
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;NFORMATION SHEET

VIII. Types of pressure actuated protection devices (Transparency 5)

A Oil pressure swtc..h

B Refrigerant

1 Low pressure switch

2. High pressure switch

3. Dual nressure switch

X Pressure actuated protection devices

A Oil pressure (Transparency 6)

(NOTE The differential of the oil nressure switch is set at the factory

and it is not recommended to adjust this differential in the field.)

Opens compressor motor control circuit in case of low oil pressure

2. Built-in time delay prevents nuisance shut dowr

3 Connect pressure line labeled "oil" to oil pump

Correct pressure ,ine labeled "low' to compressor motor

5 Elcctric Thy rated lor pilot duty

,frineran; Inv pressure (Transp Irene 7)

1
Open; uoinpresor motor control rirci.it if the low side pressure
drops oekiv control setting

Used in Ji conditioning systems to prevent the evaporator from

IN_Tiir in flyer

Use in rrfriTration

C(iltrols cdhinet temperature

;rmtror5 dt frost

;,-; 0,,, side c t compressor

2 4
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INFORMATION SHEET

C. Refrigerant high pressure (Transparency 8)

1. Opens compressor motor control Crcuit when high side pressure

reaches the control setting

2. Connected to high side of system where it cannot be valved off

3. Used in air conditioning and refrigeration

4. Manual or auto fir reset

D. Refrigerant dual prescur ...ansparency 9)

1. Combines beTh controls in one housing

2. Operate independently of each other

Simplifies wiring

4. Simplifies mounting

X. Types of electrical system protection oevices (Transparency 10)

A. Bimetal overload

B. Magnetic overload

C. Thermal overloao relay

D. Lockout relay

E. Solid-state comp-essor motor protector

XI Electrical system protection devices

A. Bimetal overloads

1 TWO types

a. Internal

b. External

2. Bimetal disc opens and closes a set of contacts

3. Increase temperature causes bimetal to warp opening motor uircurt

4. Voltages

a. Line duty

b. Pilot duty

2'J
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INFORMATION SHEET

5. Automatic reset

6. Manual reset

(NOTE: Manual reset bimetals are often found on heating
equipment with two limit switches.)

B. Magnetic overloads

1. Current sen :tive magnetic ;oil

2. Pilot duty contacts

3. Automatic or manual reset

4. Over load coil in series with motor winding

5. Overload contacts in series with contactor coil

C. Thermal overload relay

1. Current sensitive heater

2. Pilot duty contacts

3. Automatic or manual reset

4. Overload relay heater in series with motor winding

5. Overload contacts in series with contactor coil

D. Lockout relay (Transparency' 11)

1 Prevents compressor motor from coming un after it stops on
safety

2. Contacts normally closed

3. Contacts in series witn overload and pressure switch contacts

4. Coil in series with contactor coil

5. Power must be interrupted to relay coil to restart the compressor
motor

E. Solid-state compressor motor protectors

1. Quick and sensit:ve reaction to temperature change

2. Provides phase protection

3. Sensors are enclosed in the motor windings

4. Control module is in compressor motor terminal box

`4, (1 9



Overcurrent Protection Devices

Blade Type

Cartridge Fuse

Adapter

Ferrule Type Cartridge Fuse

2O

Type IS"

Plug Fuse

Adapter

I

Circuit Breaker

z4.

Edison Base Plug Fuse Fusible Link

%.
>o
m

(7)

25t'
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How A Fuse Works

Short Circuit

i

1 i

#12 Wire
Hot

Neutral

B

Blown

#12 Wire Hot

2 5;2
TM 2
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How A Time Delay Fuse Works

Fuse Link -I--.-PI-TTli,7-- Spring

r Solder Cup

al

Spring -

Fuse Link

Solder Cup

Fuse Link

Blows

It))

Temporary Overload Causes
Solder To Heat

--,_

----___________-------

Continued Overload Softens
Solder Spring , ' :"

'
Pulls Fuse iL ,

Link
v,

Solder Cup ,

2 5 '3
TM 3



How A Circuit Breaker Works

A ' Spring Switch Handle

Contact Points
Trigger

B

Neutral

Contact Points

1 Hot

Bi-Metallic Strip

Pivot Point

Neutral

Hot

Spring Switch Handle

Trigger

2

Neutral

TM 4



Pressure Actuated Protection Devices

Refrigerant Dual Pressure Switch

-I
g

Oil Pressure Switch

Refrigerant Low Pressure Switch

255
r

Manual Reset

>
C)
m

Refrigerant High Pressure Switch -7

RI

256 g
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Oil Pressure Switch Wiring Diagram

Operating Control

,

230 V, 3 Phase

L2 iL3

,1--

*T1) T2*T3

-0230V
1.---0 2_om

0 L
0120V

2 5 ';'

Motor

.

TM 6
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Low Pressuie Switch Wiring Diagram

Cooling Themostal

,..

Power Supply 11 c:

, 230 V

Lbw Pressure Switch

C)*()il Contactor
Coil

24 V Transformer

H

Compressor

..J 259



High Pressure &witch Wirir. Diagram

Cooling Thermostat

Power Supply jll

24 V Transformer

230 V
4

H h Pressure Switch

I Contactor Coil

0

T1 (T2

Compressor



Dual Pressure Switch Wiring Diagram

Power Supply

High And Low Pressure Controls

A

24 V Transformer

Contactor
Coil

230 V

Compressor
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Electrical System Protection Devices

\ /
Bimetal Overloads

261

Solid State

Magnetic Overload

Lockout Relay Thermal Overload Relay

giiiiiii=M1=11W'UMMI2li21151111M/h



Lockout Relay Wiring Diagram

Transformer
Contactor Coil

Ll L.2

0-- .

Controller

Overload

Pressure Switch

LocF-Out FitL_

----*-1+-1

;..Compressor

Overload

>0x

g
-4 672 ,,;

c.)

26G
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PROTECTION DEVICES
UNIT III

JOB SHEET 3-7--1--ADJUST A HIGH PRESSURE SWITCH

Tools anc: materials

A Refrigeration gauge set

B Refrigeration ratchet

C. Slot type screwdriver

D. Refrigeration system with manual reset pressure switches

E. Safety glasses

F. Open end wrench

Procedure

A Put on safety glasses

B Install refrigeration gauge set

C Start refrigeration system

D. Ask instructor or check manual for proper cut-out pressure

(CAIITIONI Do not exceed this pressure.)

E Turn adjusting screw until the pointer aligns with the proper cut-out pressure

110TE The pointer is reference only, use gauge for proper setting.)

F Block air or shut off circulating water

C Observe high side pressure reading

H. R2cord pressure that the oressure switch opens

I Reset the pressure switch

J Ubsen c high side pressure reading

K Have instructor check

l Back seat service valves

i., 'u. rio ri,iirle set hoses

P ,m-wp gauge scat

(-1,, , ,,,,d put 1:Iy t')olk,

2 6 J
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PROTECTION DEVICES
UNIT III

4

JOB SHEET 4:2- ADJUST A LOW PRESSURE SWITCH

I. Tools and materials

A. Refrigeration gauge set

B. Refrigeration rPtchet

C Slot type screwdriver

D Refrigeration system with manual reset pressure switches

E Safety glasses

F Open end wrenches

II Procedure

A. Put on safety glasses

B Install refrigeration gauge set

C Start refrigeration system

D Ask instructor or check manual for proper cut-In and cut-out pressures

E Turn adjusting screws until the pointer aligns with the nrcper cut-in and
cut-out pressure

(NOTE: The pointer is reference only, use gauge for proper setting.)

F Front seat king valve or liquid line valve

(NOTE. If the system is not equipped with one of these valves, partally
front seat the suction service valve which will cruse the low side pressure
to drop.)

G Observe"-foly side pressure reading

H Record pressure that the pressure switch opens

Back seat the valve enough for the !ow side r ressure to gradually increase

Record pressure that the pressure switch _loses .

ts: !Puri dovvn s,/stern again



JOB SHEET 17:2

L Ch, h cLO pressure

N1 low r.'ssute, to graivaily increase

i" pressure

H H-11,L uctor check

-,epesrtlop

0, 2,.roo ciducie set noses

R R-In9ve gduge se;

S. Clear un and nut away tools
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PROTECTION DEVICES
UNIT III

JOB SHEET #3-- INSTALL AN OIL PRESSURE SWITCH

'I. Tools and materials
C

A. Refrigeration system with a semi-hermetic compressor motor

B. Oil pressure switch

C. Standard slot type screwdriver

D. Open end wrenches

E. Two half union couplings 1/4 in. MPT x 1/4 in flare

(NOTE: Other fittings may be necessary depending on the brand of
compressor motor used.)

F. Refrigeration gauge set

G. Refrigeration ratchet

H. Vacuum pump

I. Soap solution with brush

J. Safety glasses

II. Procedure

A Put on safety glasses
\

f

B. Pump down system to 5 p. s. i. g.

I

(NOTE: The systems low pressure switch will have to be by-passed in order

to achieve pump down.)
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I

JOB SHEET #3

C. Mount oil pressure switch bracket on the end of the compressor motor
(Figure 1)

D

E

H

..1

K

FIGURE 1
Compressor

Oil Pressure.
Safety Control

-.

Sight Glass

Carefully remove oil fill -plug from compressor motor crankcase

"--
Replace plug with 1/4 in. MPT X 114 in. flare half union coupling

F Connect low pressure side of oil pressure switch to this coupling

(NOTE. Loop the tub
dampner.)

that goes to the switch to provide a vibration

Remove plug from compressor oil

Replace ,)1ug with a 1/4 in. MPT

Connect high pressure 4e of oil

Pressurize comp:r4ssor motor with

Chock lmings with soap Solution

Dump

X 'I" n: flare half union. coupling

pressure switch to this coupling

refrigerant to 50 p.s.i.g.

for leaks

Dischar,le the refrigerant t.se'd for pressurizing

.s(inprcs,f)r

27e1
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JOB SHEET

N Connect contrc wrung to oil pressure switch

(..,OTE The wiring diagram shown in Figure 2 is an example. Different
control manufacturers may vary their connections some but they all are
basically the same Be sure and check the directions that come with the
control you are installing )

FIGURE 2
n Connection to Crankcase

I
Supply In

r
Lr_ Timer Switch

,117- Resistc,r

Dcferer-*.11 Pressure Switch --vv\+ 230

HeaterHeater

Reset Button

tor to 0,I Pump Discharge

Cr Back seat pump down valve

Have instructor inspect ' -wing

Start compressor. motor

P

Overloads
Contactor Coil

NOTE. The_ compress()( motor w," have approvmately t .0 minutes for
, .r.:ssures to stabil.ze beforr the bimetal switch in the oil pressure control

,cold stop the compressor motor

system pressure; .

Back ,:eat service valves

Si ') tompressor motor

:rq" nog: Set hue'

r''".`\!" rPfogerot;om 33t

r se.\,i;e valvf.' L(10;

()()1' and jai. f
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PROTECTION DEVICES
UNIT III

JOB SHEET #4--INSTALL A LOCKOUT RELAY

I. Tools and materials

A. Slot type screwdriver

B. Screw starter

C. Long nose pliers

D. L )ckout relay

E. Air conditioning unit with a contactor and pressure switches

F. Safety glpsses

II: Procedure

A. Put on safety glasses

B. Cheri': to be sure power is disconnected from unit

C. Locate control compartment on condensing unit

D. Wire relay contacts in series with overload and pressure swan contacts
(Figure 1) cULt12.2.

L2

L1

Controller
0

Transformer

FIGURE 1

Contactor Coil Overload

Pressure Switch

Compressor Overload1

Lockout Relay

I

E Wire relay coil in series with contactor coil and parallel to the safety switch
contacts

F. Have instructor im:pect

G. Turn on electricity

rn on air conclitionor
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JOB SHEET #4

I Block condenser

( NOTE Air conditioner should stop on high pressure switcn

J. Remove condenser air blockage

K. Reset high pressure switch

(NOTE I f the lockout relay is installed properly theair condi

not restart.)

L. Interrupt control circuit voltage

(NOTE: This may be done the subbase on the thermns-m* or -it ti,'
line voltage disconrect.)

M Connect Atage

(NOTE Air conditioner should not start.)

Disconnect Dower supply from air conditioner

0 Clean and put away tools



,,

d

ACR II 145-B

PROTECTION DEVICES
UNIT III

JOB SHEET ;:it5- CHECK A SOLID-STATE COMPRESSOR MOTOR PROTECTOR

I Tools and materials

A. Jumper wires (2)

B. Refrigeration system with solid-state compressor motor protector

C Safety y'asses

I I. Procedure

A. Put on safety glas..;s

B. Disconnect eleLricity from system

C Allow compressor motor to cool

(NOTE' If compressor motor circuit is open on the overload, it shou:d
be allowed to cool for at least one hour before checkin, solid-state sensors.)

4.

,

,- l- ',.,

Y
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Connei idiroen rot,s lee control terminals rFigure 1)

TE If toe k,ornorr ssoi motor will nut operate with the jumper wires
prohlem is external to the solid-state protection.)

FiCYRE 1

Control Circuit Stop
Tr.ln,former

7
Mag Cod Contactor

L 2 L 31

12

01' Protection
Control

COrIT t
LU

,--r--1 4-4j )F

r----

r

V t

BAN TR.

Pilot Line 250
V.A C MAX

6 -4- Jumper

-4 --HO
R

'

flonno! 250 V. MAX

11
_

:21) ioss inn

5
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JOB SHEET

Remove jumper from protection relay ,ntacts

Connect electricity

(NOTE If the compressor runs, the problem will he cvid the
sensors. A defective internal sensor can onlv be repaired tw chrpressor
replacement.)

J. If the relay is defective, replace the control module

K Have instructor check procedure

L Clean up and put away tools
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PROTECTION DEVICES
UNIT

NAME

TEST

1 Match the terms on the right to the correct definitions.

d. Fuse wit: 1 a IT:isc; Oat fits the same
socket as a regular based incandescent
bulb

b. Overcurrent device which contains an
element or elements which melt and
open the circuit due to a short or
overload

c. Weak link in the circuit that limits the
amperage to a specified ,Inpunt

d. Fuse with special threads for each

amperage classification

e. Sensitive personal protection current
limiting device that opens the circuit
when current leaks to ground

f. Unintentional grounding of a conductor

g. electrical equipment th0. carries or
transfers current but does not use it

h. Overcurent device that trips on

overloads or shorts and is resettable

I Fuse with metal caps Gn a cylindrical
case

3. Fuse with flat cortact blades on a
cylindrical case

k Protection device. that .,.'111 interruo+ tk
line voltage circuit

I. Protection device that must be reset
manually after it has interrupted the
circuit due to at unusual circuit
condition

27J

1. Type "S"
plug fuse

2. Protection
device

3. Fuse

4. Ov2rcurrent
protection

5. Circuit
breaker

6. Ferrule type
cartridge fuse

7. Blade type
cartridge fuse

8. Edison base
plug fuse

9. Ground fault
Interrupter

10. Short circuit

11 Pilot duty

12. Pressure
controls

13. Automat.,
reset-

14 Oil failure
controls

15. Manual reset

16 Line djty

17 Lookout relay
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3. Describe the operation of a single element fuse.

4. Describe the operation of a time delay fuse.

E. DescriPe the operation of a circuit breaker.

4

281
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6. List seven national Plectraul Ode lenuiretnents
than 600v

7 Llst four ctr Gal code requirerhorits piirt,rpn() :o
rirP it,SS

8 I !",,!,, of ;)r-->s1. f`' "

2

0
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c. d.

ACR II 153-B

9. Describe sthe pressure actuated protection devices,

3. Oil pressure

b, Refrigerant low pressure
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.

c Refrigerant high pressure

d Refrigerant dual pressure

10 identify the types of electrical sy.i "n orotection devices

a b

0
1.--.,3 1

S._

i
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e

d.

AOR 11 - 155-B

f.

11. Describe thexlectrical system protection devices

a. Bimetal overloads

ar"
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1. a. 8

b. 3

c. 4

d. 1

e. 9

PROTECTION DEVICES
UNIT III

ANSWERS TO TEST

f. 10 k. 16

g. 2 I. 15

h. 5 m. 12

6 n. 11

j. 7 o. 13

2. a. Blade type cartridge fuse

b. Ferrule type cartrHge fuse

c. Type "S" plug fuse

d. Edison base plug fuse

e. Circuit breaker

f. Fusible link

3. Description should include.

p. 14

q.

ACR II - 159-B

a. Fuses contain a current limiting link that will allow a set amount of curren.t
to exist in the circuit

b When a short circuit or overload exists in the circuit the link becomes hot

c. The low melting point of the link causes it to break or open if the overload
continues

Description should include:

a. A time delay fuse has a spring loaded link which hPs one end embedded
in a solder cup

b. A short circuit will cause the in to break

c. An overload will cause the solder holding the spring loaded link to soften

d. If the overload continues, the solder will soften enough to let the spring
pull the link free and open the circuit

28&
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IS

5. Description should include.

a. A circuit breaker has a set of Internal contacts that are held together when
the breaker is in the "on" position by a trigger
,,

b. One contact is situated on a bimetallic strip which will bend under rapid
heat change due to the different e' pension rates of the met&

c. If the heat becomes extreme enough, due to an overload or short,.-the
bending of the bimeta"rc strip will cause the trigger to trip and the circuit
will open

6. Any seven of the following

a. Plug fuses shall not be used in circuits exceeding 125 volts between
conductors

b. Fuses shall be marked with their amperAge rating

c. Plug fuses shall be classified at not over 0 to 30 amperes

d Edison base plug fuses can be used only as replacements

e. Type "S" fuses (fustats) shall be classified at not over 125 volts

f Type "S" fuses shall be classified at 0 to 15, 16"to 20, and 21 to 30
amperes

g Different ampere classes ofibtype "S" fuses are not interchangeable

h. Cartridge fuses shall not be used in circuits of over 300 volts between
nductors

Cartridge fuses shall be marked with their ampere rating, voltage rating,
and the name or trademark of the manufacturer

7. a. Shall be capableof being manually tripped and set

b. Will have a visible "off" and "on" indication

c. Shall be designed so that setting t f tripping amperage requires dismantling
for other than intended adustmer is

d. Markings and ratings on brealors of less than 100 amperes shah be durable
and visible after installation

P. a. Oil pressure switch

b. Refrigerant high pressure switch

239
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a
c. Refrigerant Jual pressure switch

d. Refrigerant low pressure switcn

9. Description should include:

a. Oil pressure

ACR II - 161-13,

1) Opens compressor motor control circuit in case of low oil pressure

2) Built-in time delay prevents nuisance shut down

3) Connect pressure line labeled "oil" to oil pump

4) Connect pressure line labeled "low's to compressor motor
crankcase

5) Electrically rated for pilot duty

b. Refrigerant low pressure

1) Opens compressor motor control circuit if the low side pressure
drops below control setting

2) Used in air-conditioning systems to prevent the evaporator from,
freezing over

3) Use in refrigeration

a) Controls cabinet temoerature

b) Controls defrost
.ge

4) Connects to low side of compressor

c. Refrigerant high pressure

1) Opens compressor motor control circuit when high side pressure
reaches the coritrol setting i

2) Connected to high sjde of system where it cannot be valved off

3) Used in air conditioning and refrigeration

4) Manual or automatic reset

d. Refrigerant dual pressure

1) Combin-is both controls in one housing

290
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2) Operate independently of each o,her

3) Simplifies wiring

4) Simplifies, mounting

10,. a. Magnetic overload

b. Lockout relay

c. Solid-state compressor motor protector

d. Bimetal overload

e. Thermal' overload relay

f Bimetal overload

11 Description should inc(ude-

a. overloads

11 Two types

a) Internal

b) External

2) Bimetal disc opens and closes a set of contacts

3) .crease temperature causes bimetal to warp opening motor circuit

41 Voiranes

a) Line duty

b) Pilot duty

rt) Automatic reset

6) Manual reset

b Magnetic overloads

1) Current sensitive magnetic coil

2) Pilot duty contacts
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At.

3) Automatic or manual reset

4) Overload coil in series with motor winding

5) Overload contacts in series w'ffh contactor coil

c. Thermal overload relay

1) Current sensitive heater

2) Hot duty contacts

3) Automatic or manual reset

4) Overload relay heater in series with motor winding

5) Overload contacts in series with contactor coil

d. Lockout relay

1) Prevents compressor motor from coming on after it stops on
safety

2) Contacts normally closed

3) Contacts in series with overload and pressure switch contacts

4) Coil in series with contactor coil

5) Power must be interrupted to relay coil to restart the compressor
motor

e. Solid-state compressor motor protectors

1) Quick and sensitive reaction to temperature change

2) Provides phase protection.

3) Sensors are enclosed in the motor windings

4) Control module is in compressor motor terminal box

12. Performance skills evaluated to thesatisfaction of the instructor

YIN

29,,
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CAPACITORS
UNIT IV

UNIT OBJECTIVE

After completion of this unit, the student should be able to match terms, identify
capacitors, list caus-a. of capacitor failure, and list factcirs to consider when replacing
capacitors. The student should also be able to solve problems for capacitors in series or
parall%1, draw wiring diagrams for various capacitor situations, and wire various capacitor
circuits This knowledge will be evidenced through demonstration and by scoring eighty-five
percent on the unit test

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1 Match terms associated with capacitors to the correct definitions.

2 Discuss the role of capacitors in the operation of motors.

3 Identify the types of capacitors.

4 Discuss the run capacitor identified terminal.

5. List eight causes of capacitor failure.

6 List three factors to consider when replacing capacitors

7 Solve problems for capacitors wired in series and parallel using the formulas
given

8 Draw connecting wiring for a start capacitor with a current relay and a
start, capacitor wan a hot wire relay.

9 Draw connecting wiring for a start capacitor with a potential relay.

10 Draw connecting wiring for a run capacitor with a permanent split capacitor
(P S C.) motor

11 Drew connecting wiring for capacitors with a capacitor start capacitor tun
(C.S R I motor

12 Demonstrate the ability to

a Wire a start capacitor with a current or hot wire relay.

b. Win' a start capacitor with a potential relay.

Wire a run capacitor with a P.S C. compressor motor

d Wire a ton capacitor with a C C.R. compresSor motor.
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ACR II 167-B
t.

.
CAPACITORS

UNIT IV

SUGGESTED ACTIVITIES

I. Instructor.

A. Provide student with objective sheet.

B. Provide student with information and job sheets.

C. Make transparencies.

D. Discuss unit and specific objectives.

E. Discuss information sheet.

F. Demonst-ite and discuss the procedures outlined in the job sheets

G. Show students various capacitors.

H. Give test.

I I. Student.

A. Read objective sheet.

B Study information, sheet

C Complete job sheets

D Take test.

INSTRUCTIONAL MATERIALS

c.

I Included in this unit.

A. Objective sheet

B Information sheet

C. Transparency masters

1. TM 1--Types of Capacitor;

2. TM 2-- Wiring for a Start Capacitor With a li.lbt Wire Relay
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3. TM 3- Wu ng for a Start Capacitor With a Current Relay

4 TM 4 Wiring for a Start Capacitor With a Potential Relay

5 TM 5- Wiring for Run Capacitor With a Permanent Split
Capacitor (P.S C.) Motor

6. TM 6--Capacitor Start Capa.citor Run (C.S.R.) Motor

D Job sheets

1. Job Sheet #1- Wire a Start Capacitor With a Current or Hot Wire
Relay

2 Job Sheet #2--Wire a Start Capacitor With a Potential Relay

3. Job Sheet #3--Wire a Run Capacitor With a P.S.C. Compressor

Motor

4 Job Sheet #4 Wire a Run Capacitor With a C S.R Compressor
Motor '

E Test

F Answers to test

References.

A Woodroof, William Walton Servicing CoMfort Cooling Systems. Columbus,
Ohio. NHAW Home Study Institute, 1974.

S Van Buskirk, Mark. "Capacitor Know-How Provides Power When It's Needed
Most." Refrigeration Service and Contracting. August, 1976.
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CAPACITORS
UNIT IV

. oP

INFORMATION SHEET

I. Terms and definitions A

\ v

ACR II t69-B ,

A Microfarad -rating (mfd or ,u Fd)--Amount of capacitance of a capacitor

B. Voltage rating (VAC)--Amount of peak voltage that the -capacitor may be
subjected to, not line voltage

C. Run capacitor-Electrical storage device in the run winding circuit of a motor
generally in the 3 to 60 mfd range which is designed to stay in the circuit
and has a metal case which is oil filled for cooling

D Start capacitor-Electrical storage device in the start winding circuit of a
motor generally in the 60 mfd and higher range which is designed to be

in the circuit for a very short period of time during start

E. , Bleed resistor-Resistor connected between the start capacitor terminals to
minimize a cing of the relay poiAts, 20 K ohm 2 watt carbon resistor

F Internally fused-F Osible link inside the run capacitor that will help prevent
motor winding damage due to a shorted:capacitor

(CAUTION: Do not discharge an internally fused capacitor with anything
other than a bleed resistor because this could ruin ii.)

G Dual run capacitorTwo run capacitors built i-to one case

H Hard start kit-Potential relay and a start capacitor added to a P.S.0
compressor motor to aid in starting

(NOTE: 'These components must he matched to the type and size of

compressor motor.)

II Role of capacitors in operatiLn of motors

A Capacitance reduces running current

B Not enough capacitance will cause slow start

C Too much or too little capacitance will cause motor to overheat

D Capacitance aids in starting torque

29C
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INFORMATION SHEET

E. Capacitor s nay be determined by motor horsepower (Figure' 1)
r

Motor
Rat g

HP

1'8

16 .

Capacitor Start Capacitor Run

O MFD VAC MFD @ Vk4C

/2 88@110 5@2 6
75 90P110 5 @3 0

6@330
5@370
6@370

86 1036-)110 7 5P236
PoD330

7 5@370
7 5@440-
100236
,8@330
10@330
10@370
10@440
10@440

'161 193@110 15 @236
12@330

14 5 @J30
150330

12 5@370
15 @37P
15@440
15@226

216259 @110 j 15@330
15 @370
15@440

324 3880110 J 17 5@250
340408 @110 175 @370

1 4 108 130@l10
124 149@l10

1 2 200-240@l100

34

FIGURE' 1

. 200440
20@370

1

20@370

_L
200440

(NOTE The capacitance to use may also be determined by obtaining the voltage
and amperage of the motor and using the following formula.)

mfd = 2650 x amps
volts

Example 7 amps 115 volts

2650 x 7 = 161 3 mfd
115

III Types of capacitors (Transparency 1)

A. Start capacitor

B Run capacitor

n ;
2 c I

.

' 1 ,
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14.
INFORMATION SHEET

IV. Rtin capacitor identified terminal (Transparency 1)

A. Connected to capacitor plate nearest the metal container

(NOTE: This- would b.? the plate most likely to short.)

B. Connects to run winding of compressor Motor

(CAUTION: Damage to the start iknding will occur if the Tacitor is
imprcperlY wired and the capacitorbecomes shorted.)

41.

C. Identified by three methods

1. Arrow

2., Red dot

3. Dash

V. Causes of capacitor failure

00.

A. Faulty starting switch

B. :Excessive motor load

C Excessive duty cycle

. .

D. Bad motor bearitigs

E Low .line voltage

F Incorrect capacitance

Q. Improper capacitor voltage rating

H. ExcessiVe temperature

VI. Factors for capacitor rvpracement

A. Capacitor voltage rating may be higher

(CAUTION: Never install a capacitor with a voltage rating lower than -the

one being replaced.)

B Microfarad rating of a replacement start capacitui may have a tolerance

of + 10%

(NOTE: Replacement capacitors shbuld be the same size as the original
whenever possible.)

29
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INFORMAT'ON SHEET

C. Microfarad rating of a replaccment run capacitor should be the same or,
no more than 10% higher

VII. Capacitors wired series arid parallel ,

A, Series (Figure 1)

1. CT =
Cl
C1i X

C2
C2

+

Example: 20 mid, 110 WC, mfd, 110 vac
= 20 X 20 = 400 = 10 rifcl;

20 + 20 47F
110 + 110 = 220 vac

2. Sum of t'le voltages must be equal to or greater than the capacitor
. being replaced

(NOTE: Capacitc- ,,ianufacturers do not recomniend grouping
more than two capacitors.)

3. The microfarad' rating of the izir:pacitors should be the same

5 Parallel (Figure 2)

1. Add microfarad ratings.'

C1:+ C2 .

Example. CT = 26 + 20 = 40 mfd

2. Voltage of each capacitor must be equal to or greater than the
capacitor be:ngreplbced

Two Start Capacitors In Series Two Run Capacitors Ip9Parallel

VIII. Wiring for a start Capacitor, Nth a current dr hot wire relay (Transparencies

.2 and 3)

1X. Wiring for a start capacitdr with a .potential relay ( Transparency. 4)

X. Wiring for a run capacitor with a permanent split capacitor, (P.S.C.) motor
(Transparency 5)

:a

XI. W..ing for capacitors with a capacitor start capacitor run (C.S.R.) motor
Oransparency 6)

29',)
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Types Of Capacitors
tow

Bleed-Resistor

poo

Bakelite Case

Start Capacitor

Metal Case

Arrow

LI

Identified Terminal

Run Capacitor

301
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Wiring For A Start Capacitor. With A Hot Wire Relay

Hot-Wire Relay Start Capacitor

3 0 2

120 Volts A.C.

*
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c.) 304

Wiring For A Start Capacitor With A Cumin Relay

To

Thermostat

Or Switch

1

sr

--
-I

11: I
1 10 1 1S

L 1 1

1 ur0 I I
I 1

Relay Contacts Normally Open

305



Wiring For A Start Capacitor Witif A Potential Relay

Ll L2

39fi

Start
ittapticitor Bleed

Resistor

5

Potential Relay

307



WWII For A Run Capacitor With A Permanent
Split Capacitor (P.S.C.) Motor

Identified Terminal
\ I

--I-- Run Capacitor



4)

Capacitor Start Capacitor Run (C.S.R.) Mot&

Run Capacitor

Start
Capacitor

4* 6

1.1 L2

., g 311 ftti

\
Potential Relay

>o
xi

9' 310 co



CAPACITORS
UNIT IV

e
JOB SHEET 1 WIRE A START CAPACITOR
WITH A CURRENT OR HOT WIRE RELAY

I Tools and materials .

A Needle nose pliers

B Standard slot screwdriver

C Start capacitor

ACR II - 185-B

t. n.

e

D Refrigeration system with a capacitor start induction run (C S.I.R.)
compressor -,

E. Ammeter

I I Procedure

A.) Check to be sure the electrical power is disconnected

B Check for correct microfarad and voltage rating on capacitor

C Connect a wire from the "S" terminal on the relay to one terminal on
the start capacitor

D e:onnect another wire from the other capacitor terminal to start on the
. Dmpressor

(NOTE Check wiring diagram of a start capacitor with a hot wire relay
or a current relay.)

E Hc1"0 Instructor inspect

F Con -tact electrical power

G Place ammeter in highest scale

H Clamp ammeter around start wire

(NOTE If startling circuit does not disengaye immediately, disconnect
electrical power.)

I Start refrigeration system

J Check length of time for starting circuit to disengage

K Check full load amperage (F L A )

L Stop refrigeration system

f%1 Disconnect electrical power

-N u!eorl up and put away 'cols

t.,31
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.CAPACITORS
UNIT IV

JOB SHEET #2--WIRE A..START CAPACITOR
WITH A POTENTIAL RELAY

I. Tools and materials

A Needle' nose pliers

B. Standard s(ot screwdriver

C. Start capacitor with bleed resistor

D. Refrigeration spittp with a potential relay

E. Ammeter

II. Procedure

A. Check to be sure the electrical power is disconnect)

B. Check for cr,rrect microfarad and voltage rating on capacithr

C. Connect a wire from terminal #2 on relay to one terminal cf start capacitor

D. Connect a wire from the other start capacitor to _lir le voltage going tp run
on compressor

(NOTE.: Check wiring diagram of a start capacitor with a potential relay.)

E. Have instructor inspect'

F. Connect electrical power

G. Place' ammeter in highest scale

H. Clamp ammeter around a start capacitor wire

.NOTE: If st rting ircuit does not disengage imdlediately, disconnet
electrical power.

I. Start re rrigeratio stem

J. 'Check length. of time for starting circuit to disengage

K. Check, full load amperage (F.LA'.)

L. Stop refrigeration system

M. Disconnect elettrical power

N. Clean up and put away tools

31 1
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CAPACITORS
UNIT IV

JJB SHEET #3--WIRE A RUN CAPACITOR
WITH A P.S.C. COMPRESSOR MOTOR

I. Tools and materials

A. Needle nose pliers (with insulated handles)

B. Standard slot screwdriver

C. Run capacitor

D. P.S.C. motor

II. Procedure

A. Check to be sureJwtrical power is disconnected

B. Check for correct microfarad. and voltage rating on capacitor

C. Connect a wire from the run terminal on the motor to the identified
terminal on the run capacitor

(NOTE: Check wiring diagram of a run capacitor with a P.S.C. motor.)-

D. Connect a wire from the start terminal on the compressor to the other
side of the run capacitor

(NOTE: If this system has a dual sapacifor, be sure the motdris connected
to the proper terminal.)

E. Have instructor inspect

F. Connect electrical power

1. Start the equipment

H. Check full load amperage (F.L.A.)

I. With unit running, use needle nose pliers with insulated handles to remove
one wire from run capac r

(CAUTION: Do not allow toe removed wire tr, touch you or the equipment
cabinet as this would cause an electijca' shock.)

J. Observe the increase in full load amperage

314



JOB SHEET ;7:3

K Stop ego ion ient

L Discon,,cct electric:Li! power

M Reconnect woe to fun eapacdot

N Clean tin and gut rwvay toois

315
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CAPACITORS
UNIT IV

JOB SHEET #4 WIRE A RUN CAPACITOR
WITH A C.S R. COMPRESSOR MOTOR

I. Tools and materials

A. Needle nose pliers (with insu'ated handles)

B. Standard slot screwdriver

C. Run capacitor

D. C.S.R. motor

I I Procedure
.

A Check to be sure electrical power is disconnect3d

B Check for correct microfarad and voltage rating on capacitor

ACR II 191-B

C Connect a wire from the -capacitor identified terminal to the compressor
run terminal

D. Connect another wire from the other capacitor terminal to start Ph the
compressor

(NOTE These wires are sometimes connected at other junction points
within the control panel, but if you trace the circuit it will go to the run
and start terminals.)

t,
E. Have instructor inspect f

(NOTE: This same wiring procedure is used on a P S.C. compressor that
:s hard to start. Then the addition of a potential relay and start capacitor
is referred to as a hard start kit.)

F Start the equipment

(3 Check full load amperage (F L.A )

H. Stop the equipment

I Disconnect electrical power

J Clean up and put away tools

31c
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CAPACITORS
UNIT IV

NAME

,TEST

1. Match the terms on the right to the correct definitions.

a. Amount of peak voltage that the 1. Bleed resistor
capacitor may be subjected to, ilOt line
voltage 2. Dual run

capacitor
b. Two .run capacitors built into one case

3. Microfarad rating

c. Fusible link inside the run capacitor that (mfd or,.0 Fd)
will help prevent motor winding damage
due to a shorted capacitor 4. Hard start

kit
-d. Amount of capacitance of a capacitor

Run capacitor

e. Electrical storage device .in` the run
winding circuit of a motor generally in 6. Voltage rating

3the to 60 mfd range which is designed (VAC)
to stay in, the circuit and has a metal
case which is oil-filled for cooling 7' . Internally

fused

f. Resistor connected between the start
capacitor terminals to minimize arcing of 8. Startr
the relay points, 20 K ohm 2 watt capacitor

carbon resistor

g. Potential relay and a start capacitor
added" to a P.S.C. compressor motor to
aid in starting

h. Electrical storage device in the start
winding circuit of a motor generally in
60 mfd and higher range which is

designed to be in the circuit for a very
short period of time during start

317
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Discuss the role of capacitors in the operation of motors.

3. Identify the types of capacitors.

a

318
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4. Discuss the run capacitor identified terminal.

5. List eight causes of capacitor tailure.

a.

b.

c.

d.

e.

f.

9.

h.

6. List three factors to consider when replacing capacitors.

a.

b.

c.

7. Solve these problems for capacitors wired in series and parallel using the formulas

given.

Capacitors in series CT = Cl X C2
Cl + C2

Capacitors in parallel CT = Cl + C2

319



a. Series

1. 5 mfd, 110 VAC, 5 mfd, 110 VAC

ans. mfd VAC

2. 160 mfd, 250 VAC, 160 mfd, 350 VAC

ans. mfd VAC

3. 1'40 mfd, 270 VAC, 140 mfd, 270 VAC

ans. mfd VAC

4. 10 mfd, 250 VAC, 10 mfd, 110 VAC

r
ans. mfd VAC

5. 35 mfd, 250 VAC, 35 mfd, 440 VAC

ans. mfd VAC

b. Parallel

1. 5 mfd, 10 mfd ans. mfd
2. 20 mfd, 160 mfd ans, mfd
3. 140 mfd, 140 mfd ans. mfd
4. 10 mfd, 10 mfd ans. mfd
5. 35 mfd, 160 mfd ans, mfd

8. Draw connecting wiring for a start capacitor with a current relay and a start
capacitor with a hot wire relay.

I 'S...........---0

IM
f 4----vv.-----1 ,

320
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Start Winding

Main Winding
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9. Draw con acting wiring for a star. capacitor with a potential relay.

L1 L2

ACR II 197-B

10. Draw connecting wiring for a run capacitor with a permanent split capacitor
(P.S.C.) motor.

T

L1 L2
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11. Draw connecting wiring for capacitors with a capacitor start capacitor run
(C S.A.) motor. .

.,

Start .1. di Run Capacitor
Capacitor T

4 6

5 2

Potential Relay

L1 L2

12 Demonstrate the ability' to:

a. Wire a start capacitor with a current or hot wire relay.

b. Wire a start capacitor with a potential relay.
, ..

c. , Wire a run capacitor with a P.S.C. compressor motor

d. Wire a run capacitor with a C.S.R. compressor motor.

(NOTE: If these activities have1 not been accomplished prior to the test, ask

your instructor when they should be completed.)
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1. a. 6

b. 2

c. 7

d. 3

e. 5

frt,g7

f. 1

g. 4

h. 8

CAPACITORS
UNIT IV

ANSWERS TO TEST

2. Discussion should include:

a. Capacitance reduces running current

b. Not enough capacitance will cause slow start

c. TP) much or too little capacitance will cause .motor to overheat

d. Capcitance aids in starting torque

ACR - 199-B

e, Capacitor size may be determined by motor horsepower

3. a. Start capacitor

b. Run capacitor

4. Discussion should include;

a. Connected to capacitor plate nearest the metal container

b. Connects to run winding of compressor motor

c. Identified by three methods

1) Arrow

2) Red dot

3) Dash
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5. a. Faulty starting switch

b, Excessive motor load

c. Excessive duty cycle

d. Bad motor bearings

e. Low line voltage

f. Incorrect capacitance

g. Improper capacitor voltage rating

h, Excessive temperature

6. a. Capacitor voltage rating may be higher

b. Microfarad rating of a replacement start capacitor may have a tolerance
of + 10%

i
c. Microfarad rating of a replacement run capacitor should be the same or

no more than 10% higher

7. a Series

1) 2.5 mfd 220 VAC

2) 80 mfd 600 VAC

70 mfd 540 VAC

4) 5 mfd 360 VAC

5) 17.5 rrifd 690 VAC

b. Parallel

1) 15 mfd

2) 180 mid

3) 280 mfd

4) 20 mfd

195 mt(1
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8.

To Thermostat
Or Switch

1
1

1 i
L___ _ J Start

Capacitor

Thermostat

iN

To L2

Overload

..

Start Capacitor
Not Wire Relay.
i -iS

,

9.

12

Start ,---- Bleed
Capacitor ? Resistor

4 6

L1 L2

Potential
Relay

.1

325
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it

Run
Capacitor

.

p-,

L1

t

L1

Start
Capacitor

1

Capacitor

L2

Potential
Relay

12. Performance skills evaluated to the satisfaction of the instructor

32C
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INTRODUCTION TO ELECTRIC MOTORS
UNIT I

UNIT OBJECTIVE

After completion of this unit, the student should be able to match terms, list safety rules,
discuss magnetism and three-phase motors, and identify parts of a motor. The student
shoUld also be able to list types of single-phase motors, read motor data plates, and solve
problems, determine V-belt length, and adjust belt tension. This knowledge will be
evidenced thrcugh demonstration and by scoring cti6hty-five percent on the unit test.

SPECIFIC OBJECTIVES

Afte; completion of this unit, the student should be able to:

1. Match terms associated with electric motors to the correct definitions.

2. Lid safety rules pertaining to working with electric motors.

3. Discussmagnetism.

4. Discuss magnets in an induction type motor.

5. List types of single-phase motors.

6. Identify parts of an open drive motor'.

7. Identify the common types of motor mounts.

8.' Discuss motor enclosures.

9. Discuss three-phase motors.

10 List the fourteen'items of information pro.,.ided on a motor data plate.

11. Identify the types of motor V-pulleys (sheaves)

12. Solve problen using a method for determining pulley size.

13. List causes cof motor problems.

14. List remedies of motor problems.

15. Demonstrate the ability to

a Determine length of a V belt

b. Adjust V-belt tension

32'
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INTRODUCTION TO ELECTRIC MOTORS
UNIT I

SUGGESTED ACTIVITIES

I. Instructor:

A. Provide student with objective sheet.

B1 Provide student with information, assignment,, and job sheets.

C. Make transparencies.

D. Dis iss unit and specific objectives.

E. Discuss information dnd assignment sheets.

F Dem'onstrate and discuss the procedures outlined in the job sheets.

G. Obtair films or slide sets on electric motor fundamentals.

H. Give test.

I I. Student:

A. Read objectiv, sheet.

B. Study information sheet.

C. Complete assignment and job shc,ts

D rake test.

INSTRUCTIONAL MATERIALS

I. Included in this unit.

A. Objective sheet

B. Information sheet

C. Transparency r asters

1. TM 1--Attraction and Repulsion of Charges

2. TM 2-- Electric Motor

3. TM 3--Parts of an Open Drive Motor

32 6
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4. TM 4--Types of Motor Mounts

5. TM 5- -Thee -Phase Motor

6. TM 6--Motor Data Plate

7. TM 7--Types of Motor V-Pulleys (Sheaves)

D. Assignment Sheet #1--Give the Remedy to Motor Problems

E. r 'swers to assignment sheet

F. Job slit, ,s

1. Job Sheet #1Deterrnine Length of a V-Belt

2. Job Sheet #2--Adjust -ensio7

G. Test

H. Answers to test

I I. R_

A. Schweitzer, Gerald. Basics ^f Fractional Porsepower Motors and Repair
Rochelle Park, New Jersey: Hayden Book Co., February 1960.

B. Turneri. Howard. How Electric Motors Start and Run. Atnens, Georgia:
American Association for Vocational Instructional Materials, 1973.

C. Parady, W. Harold; Turner, J. Howard; and Wren, imes E. Electric Motors.

r'reorgia: American Association for Vocational 'nstructional

Materials, January 1972.
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INTRODUCTION TO ELECTRIC MOTORS
UNIT I

INFORMATION SHEET

i. Terms and definitions

ARC II 5-C

A. Poles--Soft iron, laminated portion of the stator which the insulated wire
is wound around

B. Stator--Stationary section that ce,isists of the windings and core which form
the electromagnet that produces the magnetic field causing the motor to
turn

C Rotor-Rotatinc section which rotates within the stator of a motor

D. Synchronous speed-Constant speed to which an alternating current motor
adjusts itself, depending on the frequency of the power supply and the
number of poles in the motor

E. Induction motor--Alternating cum nt motor in whie the stator is -onneeted
to the power source; this induces current into a secondary winding called

the 3tor
N.,111 .

F. Repulsion motor--Single-phase motor which incorporates a commutator and

brushes

G. Deflection Deviation from a standard
r <ample: Press -lo down on a V-belt to check for the amount oi. c'qck

H NEMA (National Electrical Manufacturer's Association)--Establishes certain
voluntary standards relating to motors

I Resilient mount-- Rubber support on each end of the motor which cushions

the mot ,r base from vibrations

J. Rigid mount-Mounting brackets are permanently attached to tile motor
frame

K. Slip-Difference between the synchronous speed of a motor and the speed

at which it operates

L Shunt--A low resistance conductor which connects two parts of a circuit
in parallel

I I Safety rules

A. Don't underestimate the potential danger of a 110 VAC curcuit

B. Be careful around electric arcs because they will cause bad burns to skin
and eyes

C Remember that involuntary reaction to electric shock can cause you to
injure yourself and possibly others
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INFORMATION SHEET

Do not work on live circuits except when absolutely necessary

E. Never install equipment that will overload a circuit

F. Never bypass electrical protective devices

G, All electrical lines must be properly fused

H. Protect all electrical wires when routing them over 'refrigerant tubing

I. All electrical wiring must be well insulated

J. Stand on dry nonconductive surfaces when working on live circuits and

using electric tools

K. Check all circuits for voltage before doing any service work

L. Tag and lock all electrical disconnects when working on live circuits

M. Have a ground on all power tools

N. Use proper size electrical cord

0. All tools should have oroper guards

P. Do not use tools with i rayed or damager4 curds

Q. Wear eye protection

R. Do not touch moving parts

S. Mechanically ground all electric motors

Ill. Magnetism (Transparency 1)

A. Poles

1. North

2. South

B. Pole movemen

1. Like poles repel

2. Unlike poles attract
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INFORMATION SHEET

C. Electromagnet

1. Insulated wire wound around a soft iron core

2. Alternating direction of current flow reverses polarity

3. Essential in supplying the magnetic field for rotor rotation

IV. Magnets in an induction type motor (Transparency 2)

A. Stator

(NOTE: The stator becomes an electromagnet which reverses polarity 120
times a second on 60 Hz current.)

1. Laminated soft iron

2. Wound w;th insulated wire

(NOTE: This wire is referred to as magnetic wire and it has a
thin baked-on enamel coating.)

...

B. Rotor

1. A permanent magnet

2. Turns seeking an opposite pole

3. Push-pull action of attracting and repelling keeps rotor turning

4. Automatically adjusts to the synchrc 1011S speed

V. Types of single -phase motors

A. Split-phasb

B. Shaded-pole

C. Capacitor start induction run (C.S.I.R.)

D. Capacitor start capacitor r,,n (C.S.R.)

E. Permanent split capacitor (P.S.C.)

F. Repulsion-induction

(NOTE This type of mror is becoming uncommon.)
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INFORMATION SHEET

VI. Parts of open drive motor (Transparency 3)

A. Stator assembly

1. Stator windings

2. Frame (motor body)

B. Rotor

C. End bells

D. Overload

E Centrifugal control

F. Starting switch

G. Assembly bolts

VII. Common types of motor mounts (Transparency 4)

A. Cradle mount

B. Blower frorne mount

C. Three ring mount

D. Lug ring. mount

E. Rigid mount

VIII. Motor enclosures

A. Open

1. Air openings in frame and/or end bells

2. Used where dirt, dust, and moisture are not a problem

B. Open-drip proof

1. Air openings are in frame with shrouds to prevent moisture from
entering

2. Used where dripping moisture may be a problem

C. Totally enclosed

(NOTE. This is not a sealed motor.)

1. No air openings

2 Used where dust or dirt may be a problem

333



,

INFORMATION SHEET

D. Explosion proof

1. Constructed so that no sparking occurs

2. Used where explosive vapors are a problem

E. Submersible

1. Totally enclosed and sealed

2. Used where it is necessary for the motor to be submersed in water
or some other fluid

IX. Three-phase motors (Transparency 5)

A. No starting devices

B. Each phase has a set of stator polei

(NOTE: Motor speed is determined by the number of pole pairs.)

C. Able to start heavy loads

X. Information provided on motor data plate (Transparency 6)

(NOTE: Never remove the data plate from a motor.)

A. Model number

Ito
B. Serial number

C. Type

D. Horsepower rating (Hp.)

E. Phase (Ph.)

(NOTE: This refers to single-phase or three-phase current.)

F. Hertz (cycle)

G. Voltage

H. Full load amperage (F.L.A.)

I. Locked rotor amperage (L.R.A.)

J. 3ervice factor (S.F.)

Example. An S.F. of 1.15 means a motor can be loaded 15% greater
than its rated horsepower.)
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K.

L.

INFORMATION SHEET

R.P.M.

(NOTE This is the revolutions per minute that a motor shaft will turn.)

Frame

(NOTE: This will be NEMA designated number indicating that the body
of the motor is of a rertain size.)

M. Temperature rise

(NOTE: This is the allowable motor temperature increase and is usually
indicated in degrees Celsius (°C).)

N. Duty rating

Xl. Types of motor V-pulleys (sheaves) (Transparency 7)

A. Standard pulley

B.

C.

Step pulley

Adjustable pulley

XII. ..Methods of determining pulley size

A. Pulley selection chart (T8ble 1)____- _ _____--

(NOTE: This chart will only work with a 1725 r.p.m. motor.)

1. Select motor pulley size from left hand column

(NOTE: If motor is less than 1/2 hp., motor pulley should not
be less than 2 inches for the least belt slippage. If motor is 1/2
hp. or larger, the pulley should not be less than 3 inches.)

2. Move across to the right and locate speed that equipment is to
operate

3. Reading straight up will give equipment pulley size
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INFORMATION SHEET

Diam
Motor
Pulley
finches)

Diameter of Pulley on Equipment (inches)

1 1 4 1 1 2 1 3 4

Equipment Spee,1 (RPM)

2 2 1 4 2 1/2 3 4 5 6 1 2 8 10 12 15 18

1 1 4 1425 1435 1230 1075 950 850 715 540 430 330 265 215

1 1 2 2075 1725 1475 1290 1140 1030 850 645 515 395 320 265 2t5

1 34 2400 2000 1725 1500 1340 1200 1000 750 600 460 375 315 250 200

2 2775 2290 1970 1725 1530 1375 1145 850 685 530 430 345 285 230

2 1'4 3100 2580 2200 1930 1725 1550 1290 E165 775 595 485 385 325 255 215

2 12 3450 2870 2460 2150 1900 1725 1435 1075 850 660 540 430 355 285 240

3 4140 3450 2950 2580 2290 2070 1725 1290 1070 800 615 515 430 345 285

4 5500 4575 3950 1450 3060 2775 2295 1725 1375 1060 860 700 575 460 375

5 6850 5750 4920 4300 3825 3450 2865 21F0 1725 1325 1075 860 715 575 475

6 1 2 8950 7475 6400 5600 4975 4480 3730 2790 2240 1725 1400 1120 930 745 620

8 9200 7870 6900 6125 5520 4600 3450 2750 2120 1725 1375 1140 915 765

10 9850 8620 7670 6900 5750 4300 3450 2650 2150 1725 1,130 1140 950

12 9200 8280 6900 5160 4130 3180 2580 2075 1725 1375 1140

15 8635 6470 5170 3970 3230 2580 2150 1725 1425

18 7750 6200 4770 3880 3100 2580 2070 1725

TABLE 1

B. Pulley selection formula

1. RPM of motor pulley x diameter of motor pulley = RPM of
equipment pulley x diameter of equipment pulley

2. Choose diameter of either pulley

3. Use formula and find diameter of other pulley

Example: Assume motor speed is 1725 RPM and equipment speed
needs to be 2100 RPM, with a 3" motor pulley

1725 x 3 = 2100 x Diameter
Diameter of equipment pulley

Diameter of equipment pulley
2.46 would read off to 2 1/2" pulley

XIII. Motor problems and causes

A. Failure to start

1. Blown fuse or open circuit breaker

2. Low voltage or no voltage

3. Open wiring circuit

336
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INFORMATION SHEET

4. Incorrect power line connections

5 Excessive load

6. Excessive end play

7. Seized or worn bearings

8. Operi overload

B. Excessive noise

1. Unbalance

2. Bent shaft

3. Loose parts

4. Faulty alignment

5. Worn bearings

6 Dirt in air gap between rotor and stator

7 Uneven air gap

C Overheating of bearings

1. Motor bearings -need oil

2. Dirty oil

3 Oil not reaching shaft

4. Excessive grease or oil

5 Excessive belt tension

6. Rough nearing surface

7 Bent shaft

Misalignment of shaft and bearing

9 Excessive end thrust

10 Excessive side pull

1 1. Boit slippage

3 3 '7



INFORMATION SHEET

D. Overheating of motor

1. Obstruction of ventilating system

2. Overloading

3. Rotor dragging on stator

4. Incorrect voltage

5. High ambient location

E. Rotor or stator burned oirt

.1. Worn bearings

2. Moigture

3. Acids or alkalies ..

4. Accumulation of excessive conductive dust

5. Overloading

6. Defective start mechanism

XIV. Motor problems and remedies

A. Failure to start

I Replace or reset fuse

2. Check supply voltage with motor underload

(NOTE: Supply voltage should be within 10% of motor data plate
voltage.)

ARC II 13-C

V.

..

3. Check motor wiring dith ohmmeter

4. Remove load from motor and try to start

5 Move motor shaft by hand to check for:

a. End play

b. Side play

c. Bearing tightness

B. Excessive noise

1. Replace out-of-balance pulley

1 2. Remove pulley and check straightness of chaft
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INFORMATION SHEET

3. Tighten motor accessories and mounting

4. Align drive pulley with driven pulley

5. Replace bearings

6.. Clean motor

J. Check for out-of-round rotor

rheating of bearings

Use recommended nondetergent motor bearing oil

2. Put clean oil in reservoir

(NOTE: This will only be possiblkton large mofors with bearing
oil reservoirs.)

3. Clean excessive grease build up from ball bearings

4. Adjust belt to proper tension and check with an ammeter

5. Move motor shaft by hand to check for:

a. End play

b. Side play

c. Bearing tightness

6. Replace rough or worn bearings

a

7. Remove pulley and check for bent shaft

8. Align drive pulley with driven pulley

D. Overheating of motor

1. Clean motor

2. Check belt tension and adjust

42. Check full load amperage

4. Check for correct voltage

(NOTE: This voltage check should be made wish the motor
underload and at the motor terminals.)

5 Check for loose bearings
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INFORMATION SHEET

6. . Check for tight bearings

7. Check pulldey alignment

Remove pulley and check for bent shaft

E. -Rotor or stato? burned out

1. Have stator rewound

2. Replace rotor

3. Replace complete motor

, .10 II 15-C



Attraction And Repulsion Of Charges

Charges !wad

09- or 10- Charges Repel

312
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Electric Motor

-1-
3" ,1_!,

Reversing Direction Of Currant Flow Reverses Magnetic Polarity
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Parts Of An Open Drive Motor
Frame

te

4x:.../. 4/ moo Starting Switch

Stator Windings

345
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Assembly Bolts

Thrust Washers

Jeeve Bearing

Ventilated End Bell

Centrifugal Control Rotor and Fans
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Types Of Motor Mounts

Cradle

Lug Ring

Rigid Mount

Three Ring

Blower Frame



Phase C

Phase B

Phase A

Three-Phase Motor

31J



Motor Data Plate

7

POWER

A. C. MOTOR

) ELECTRIC

MODEL 500 I TYPEr--
HP 11' /Z HERTZ (CYCLES) 60

VOLTS 120/240 I RPM

TEMP RISE 400 C j L.R.A.

DUTY RATING L CONTINUOUS 1

CODE S.F. I 1.25 I

KC PHASE I

F.L.A. 15/7.5

1725

80/40

SERIAL NO.

FR

25803

66
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Types of Motor V-Pulleys
(SHEAVES)

V-Step Pulley

Standard Pulley

Adjustable V-Pulley

Closea Open
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ARC II - 31-C

INTRODUCTION TO ELBCTRIC MOTORS
UNIT 1

ASSIGNMENT SHEET -#1--GIVE THE REMEDY TO MOTOR PROBLEMS

In the following situations the, problems and the causes are stated; give the remedy or
remedies) for each situation.

1. Motor fails to §tart and ,an open circuit breaker was found to b... the cause.

S

2. Motor is overheating and`the ventilation openings in the end bells were found
to be clogged. .

3. Motor is excessively noisy slue to worn hearings.
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ASSIGNMENT SHEET #1

4. Motor bearings are overheating due to excessive belt tension.

5. Motor is overheating due to being overloaded.

4

355
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INTRODUCTION TO ELECTRIC MOTORS
UNIT I

ANSWERS TO ASSIGNMENT SHEFT

1. Reset breaker or replace fuse.

2. Electric motors must be kept clean and dry, necessitating periodic inspections.
Dust is removed, and ventilating openings must not be covered b1 other
obstructions.

3. A dry or slightly worn bearing results in slip frequency noise or purr. Oil the
bearings properly (periodically as required) or replace.

4. Adjust belt tension to proper value and check ,with ammeter.

5. Check driven device to make sure it does not bind. Check application by
measuring input watts and amps ier normal operating conditions.
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INTRODUCTION TO ELECTRIC MOTORS
UNIT I

JOB SHEET #1--DETERMINE LENGTH OF A V-BELT

I Tools and materials

A. Flexible tape measure

B. Belt driven equipment

II. Procedure

A. Disconnect electric power from belt driven equipment

B. Wrap flexible tape around pulleys (Figure 1)

(NOTE: -Be sure that the tape measure fits in the pulley groove at the
same place the belt will fit.)

FIGURE 1

Flexible Tape

(
_----- N. Equipment Pulley

8" Diameter

,

Motor Pulley
3" Diameter'

i

a

49.6"

C. Round the measurement off to the nearest full inch

D Check that the motor is in the center of its adjustment range

E Have instructor check

F. Clean up and put away tools
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INTRODUCTION TO ELECTRIC MOTORS
UNIT I

JGB SHFET #2-- ADJUST V-BELT TENSION

I. Tools and materials

A. Open end wrenches

B. Straight edge

C. Ammeter

D. Belt driven equipment

II. Procedure

A. Disc qnect electric power from belt driven equipment

B. Remove V-belt

C. Check pulley alignment (Figure 1)

FIGURE 1

P. Place a straight edge in the pulley grooves to check alignment

(NOTE: If pulleys do not align, 'oosen set screws and align them.)

E. Replace belt
,

35::)
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JOB SHEET #2

F. Press down on belt halfway between motor pnlloy and blower pulley (Figure
2)

G. Check for a deflection of 3/4" to 1"

(NOTE: Another method of checking belt deflection is with the use of
a tension gauge. See Figure 3. When using this type of gauge refer to the
manufacturer's recommendations for proper tension.)

FIGURE 3

H. if belt is too loose, loosen motor adjustment and t!ghten belt

I. Recheck deflection

J Replace any blower panel3 that have been reins, 'cc;

(NOT In order to obtain an accurate amperage reading, the panels must
be on the blower compartment.)

K. Start the blower

" r.
ki 3 Zi
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JOB SHEET #2

L Check amperage

(NOl E If the amperage draw is WO high, the belt is too tight.)

M. 1-.lave instructor check

N Stop blower

0 Clean up and it away tools

')



INTRODUCTION TO ELECTRIC MOTORS
UNIT I

NAME
TEST

ARC II 41-C

1. Match the terms on the right to the correct definitions.

a. Stationary section that consists of the
windings and core which form the
electromagnet that produces the
magnetic field causing the motor to turn

b. Alternating current motor in which the
stator is connected to the power source;
this induces current into a secondary
winding called the rotor

c. Soft iron, laminated portion of the
stator which the insulated wire is wound
around

d. Single-phase motor which incorporates a
commutator and brushes

e. Rotating section which rotates within
the stator of a motor

f. Constant speed to which an alternating
current motor adjusts itsel depending
on the frequency of the power supply
and the number of poles in the motor

g. Establishes certain voluntary stanaards
relating to mot ,rs

h. Deviation from a standard

;. Difference between the synchronous
speed of a motor and the peed at which
it operates

l

k.

Rubber support on each end of the
motor which cushions the motor bast
from vibrations

Mounting brackets are permanently
attached to the motor frame

I. A low resistance conductor which
connects two parts of a circuit in parallel

1. Rotor

2. Poles

3. Induction
motor

4. Synchronous
speed

5. Re, ilsion
motor

6. Stator

7. beflection

8. NEMA (National
Electrical
Manu factu rer
Association)

9. Slip

10. Resilient mount

11. Rigid mount

12. Shunt
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.,-

2. List' ten safety rules pertaining ,,kir,r king ,..,:i

a.

b.

c

d.

e.

f.

g

h.

I

3 Discuss rmignutism



4. Discuss magnets in an induction type motor.

5. List five types of single-phase motors.

a.

b.

p.

U.

e.

6. Identify the parts of an open drive motor.

a.

ARC II 43-C

b

3s
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Camil...12p--0111114
at 0

h.

7. Identify the common types of motor mounts.

8. "Discuss motor enclosures

a Open



b. Open-drip proof

c. Totally enclosed

d. Explosion proof

e. Submersible

9. Discuss three-phase motors.

365



10. List the fourteen items of information provided on a motor data plate.

a.

b.
\

1

C.

d.
.

e.

n.

11. I dent:fy the types of motor V-pu I leys.

a.

c.

b.

36C

,

o



Alit II = 47-C

12. Solve the problems using the pulley selection chart method for determining pulley
size.

Dom
Motor

Pulley

1)foletor of Polley on Eqmpment

Eqmpmenf Speed IRPM) "fr

(oche<1 I 14 1 1 2 1 34 2 2 1 4 2 1 2 3 1 5 6 . 2 8 10 12 IS 18

1 1.4 1725 1435 1230 1075 950 850 715 540 430 330 265 215

1 1'2 2075 1725 1475 1290 1140 1030 r 850 645 515 -'05' 320 265 215

1 34 2400 2000 1725 1500 1340 1700 1000 750 600 4o0 375 315 230 200

2 2775 2290 "70 1725 1530 1375 1145 850 685 530 430 345 285 230

2 1;4 3100 2580
4 2200 1930. 1725 1550 1290 965 775 595 485 385 325 255 215

2 1 2 3450 2870 2460 2150 1900 1725 1435 1075 850 660 540 430 355 285 240 /

3 4140 3450 2950 2580 2290 .2070 1725 1290 1070 a 800 615 515 430 345 285,

Equipment speed
Motor pulley
Equipment pulley

750 RPM
1 3/4"

b. Motor pulley 2"
Equipment pulley
Equipment speed

c. Equipment speed
Equipment pulley
Motor pulley

1725 RPM
1 1/4"

r\

d: Motor pulley 3"
Equipment reed 2580 RPM
Equipment pulley

e. Equipment pulley 5"
Motor pulley
Equipment speed

13. List three causes for each of the following motor problems.

a. Failure to start

1)

2)

3)

h. Excessive noise

1) ,

2)

3)

t l)
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N

c Overheating of bearings

1)

2)

3)

d. Overheating of motor

1)

2)

3)

e. Rotor or stator burned out

1)

2)

3)

14 List three remedies for each Of the following motor problems.

a. Failure to start

4

1)

11

b Excessive noise

1)

2)

3)

c Overheating of bearings

1,

2)

3,

3

36'6
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d. Overheating of motor

1)

2)

.?.)

e. Rotor or stator burned out

1)

2)

3)

15. Demonstrate the ability to:

a. Determine length of a V-belt.

b. Adjust V-belt tension.

(NOTE: If these activities have not .en accomplished prior tc the test. ask
your instructor when they should be completed.)

f4 I: ,.;

A., 4.1 ...i
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INTRODUCTION TO ELECTRIC MOTORS
UNIT I

ANSWERS TO TEST

1. a. 6 h d. 5 g. 8 j. 10

b. 3 e. 1 h. 7 k. 11

c. 2 f. 4 i 9 I. 12

2. Any ten of the following:

a. Don't underestimate the potential danger of a 110 VAC circuit

b. Be careful around electric arcs because they will cause bad burns to skin
and eye3

c. Remember that involuntary reaction to electric shock can cause you to
injure yourself and possibly others

d. Do not work on live circuits except when absolutely necessary

e. Never install equipment that wil! overload a circuit

f. Never bypass electrical protective devices

g. All electrical lines must be proper'y fused

h. Protect all electr;cal wires when routing them over refrigerant tubing

I All electrical wiring must be well insulated

I. ;and on dry nonconductive surfaces wht-i-. ,Ainr4:ng on live circuits arid
using 'Iectric tools

k Check all ci" its for voltage before doing any service work

I. Tag and lock all ,electrical disconnects when working on live circuits

m Have a ground nn a l l power tools

n. Use f.rooer size elect' -ical cord

o All tools should have proper guards

P. Do not use tools With frayed or damiged cords
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q. Wear eye protection

r. Do not touch moving parts

s. Mechanically ground all electric motors

3. Discussion should include.

a. Poles

1) North

2) South

b. Pole movement

1) Like poles repel

2) Unlike poles attract

c. Electromagnet

1) Insulated wire wound around a soft iron core

2) Alternating direction of current flow reverses polarity

3) Essential in supplying the magnetic field for rotor rotation

4. Discussion should include

a. Stator

1) Laminateu soft iron

2) Wound with insulated wire

b Rotor

1) A permanent magnct

2) -ruins seeking an opposite pole

3) Push-pull action of attracting and repelling keeps rotor turning

4) Automatically to the synchronous speed

5. Any of the following

a Split phas('

S;E,1, Of-I-r) tilt.

c Can,it ;r11;.?ctirl:, twl 1C S I R )
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u. Capacitor start capacitor run (C.S.R.)

e Permanent split capacitor (P.S.C.)

f. Repulsion-induction

6. a End bell

b Rotor

c Overload

d. Stator windings

e Starting switch

f. Frame (motor body)

g Centrifugal control

h. Assembly bolts

7. a Three ring mount

h Crao le mount

c Lug ring mount

d Blower frame mount

e Rigid mount

8. Discussion should include

a Open

Air openings in frame and/or end bells

21 Used where dirt, dust, ana moisture are not a problem

Open (imp 0,001

1) Air openings are in frame with shrouds to prevent moisture from
entering

U-ied where dripping moisture may he a probirim

Mid encicsed

1 Nio air

2) Used where dust or dirt may be

:I '7 "



d. Explosion proof

Ir Constructed so that no sparking occur.

2) Used where explosive vapors are a problem

e. Submersible

1) Totally enclosed and sealed

2) Used where it is necessary for the motor to be submersed in water
or some other fluid

9. Discussion should ir.,::lude

a. No starting devices

b. Each phase has a set of stator poles

c. Able to start heavy loads

10. a. Model number

b Serial number

c. Type

d. Horsepower rating (Hp )

Phase (Ph )

f. Hertz (cycla)

g Voltage

h. F,:1 load amperage (F.L.A.)

i. Lo...keci rotor dmperage _(L.R,A.)

Service f%r for (S F )

k R P.M

FtamP

m Temperature r ISE,

rT Duty Lting

11. -4 ,t;'l, pu i ni

it St Ird.tr,! pr_ Hey

r

1) "1 r"..
..1 ...,'

an.
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12. a. 4"

b. 1145 PPM

c. 1 1/4"

d. 2"

e. 1070 RPM

13. Any three of the following under each section:

a. Failure to start

Blown fuse or open circuit breaker

2) Low voltage _or_ no voltage

3) Open wiring circuit

4) Incorrect power lir,. connections

5) Excessive load

6) Excessive end play

7) Seized or worn bearings

8)- Open overload

b. Excessive noise

1) Unbalance

2) Bent shaft

2) , Loose parts

4) Faulty alighment

5) Worn bearings

6) Dirt in an gap between rotor and stator

7) Uneven dir gap

c . a,erheating of bearings

1) Motor bearings need oil

2) Dirty oil

3) noi reaching shaft

4) Ex,:cssive grease or oil

Evcesive belt tension
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6) Rough bearing siirface

7) Bent snaft

8) Misalignrient of shaft and bearing

9) Excessive end thrust

10) Excessive side pull

11) Belt slippage

d. Overheatin of motor

1) Obstruction of ventilating system

2) Overloading

3) Rotor kingging on stator

4) Incorrect , ol tar

High ambient location

e Rotor or stator burned out

1) ,d'Vorn beannus

2) Moisture

3) Acids or alkalies

4) Accumulation of excessive conductive dust

5) Overloading

6) Defective start mecha 1,sm

14 Any thine of the Tollowinri unrlt- sectior

Failure to start

1) Replace or reset fuse

2) Check supply volt:rile with motor underload

3) Chr.ck motor wiring 2.,ith ohmmeter

4 Remove load trom morn- and try to start

Move motor shaft by d to :heck for

Ern i.Hy

Side ploy

Bearing

3 7 `0
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b. Excessive noise

1) Replace out-of-balance pulley

2) Remove pulley and check straightness of shaft

3) Tighten motor accessories and mounting

4) Align drive pulley with driven pulley

5) Replace bearings

6) Clean motor

7) Check for out-of-round rotor

Overheating of bearings

1) Use recommended nondetergent motor bearing oil

2) Put clean oil in reservoir

3) Clean excessive greese build up from ball bearings

4) Adjust belt to proper terlion and check with an ammeter

5) Move motor snaft by hand to check for.

a) End play

b) Side play

c) Bearing tightness

6) Replace rough or worn bearings

7) Remove pulley and check for bent shaft

8) Align drive pulley with driven pulley

d Overheating of motor

1) Clean motor

2) Check bolt tension and acliu

3) Check full load amperage

4; Check for correct voltage

5) Check for loose bearing;

6) Check for tiiiht bearings

7) Check !Tilley alignment

RPrnrIvP I! ,y Ind check

376
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e. Rotor or stator burned out

1) Have stator rewound

2) Replace rotor

3) Replace complete motor

15. Performance skills evaluated to the satisfaction of the instructor

37';
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SPLI l'HASE MOTORS
U JIr H

UNIT OBJECTIVE

Atter comol,'t of this unit, the student should be able to identli,, components

01 split phase motws and list ,vindinqs and thrir characteristics The student should also
he able hi thth h mcItor lead code number to color, wire zi Split phase motor, and
clisas.sei,%bkt Inspect, clean, cici 1 reassemble a split phase motor Thi, 'knowledge will he

'firOL(qh CiUMOriStrati,-)n and by scoring eighty -five net coot on the unit tetzt

SPECIFIC OBJECTIVES

tie;t the student should he .ahie to

itcn ay)ocia-tod ,.rth split )hao motors to tn,

t.-ti ' -a on horsi-pry,vt, rang(' of ',Plot phase' mell"

,roil r ((c ,)l1(iSe, illototS

(if S1)1,1' phyo,

; 1th' ':(Lr ;

o Yt,1,.'1.,

) ,

(1 Pio
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SPLIT-PHASE MOYORS
UNIT II

SUGGESTED ACTIVITIES

I Instructor.

A Provide student with objective sheet.

B. Provide student with information and ob sheets.

C. Make transparencies.

D Discuss unit and specific objectives

E Discuss information sheet

F Demonstrate and discuss the procedures outlined (n the job sheets

G' Disassemble a split-phase motor and place it on a display board.

H Give test

I I Student

A Read objective sheet.

B Study information sheet.

C Complete job sheets

D Take test

INSTRUCTIONAL MATERIALS

I Included in this ualt

A Objective sheet

B Information .iheet

C Transparency masters

Tr\ 1 Spl it Phase Motors

2 TM 2 Characteristics of Run and start Windings
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/ 3 TM 3 Schemz. , Diagram of a Split Phase Motor

4 TM 4 NEMA Motor Lead Color Code

. 5 TM 5 Motor Wiring for Rotations

6 TM 6 Motor Wiring for 120 VAC or 208/240 VAC Operation

Job sheets i

1. Job Sheet t1 -Wire a Split Phase Motor toa 208/240 VAC Supply

2 Job Sheet #2--Disassemble, In(pect, Clean, and Reassemble a

Split-Phase Motor .....

Test

Answers to test

1

g,,fetences.

Schweitzer, Gerald. Basics of Fractional Horsepower Motors and Repair

Rochelle Park, New Jersey. Hayden Book Co , Inc., 1960.

Althouse, Andrew D.; Turnquist, Carl H , and Bracciano, Alfred F Modern

Rehiyeration and A;r Conditioning Homewood, Illinois Goodheart Willcox

Co , 1975

a
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I Terms and definitions

D

SPLIT FIHASE OpTORS
UNIT li

INFORMATION SHEET

ARC II 63 C

A Torque Twisting force created by a, motorOas it starts and runs

-B Start windingWinding in the electric motor thct is'used °Sly brietiy while
the motor i&-/starting

winding-- Winding ofio.frr which has current fiowing through it during
normal operation= of motor

D Sp lit-Phase., motorMotor with two stator windings; vvIlile both windings
are In upe for starting, the starting winding 's' disconnected by centrifugal
switch 9fter motor attains approximately 75 to 80% of its speed and motor
them operates on run winding only

H Common horsepower range of/split-phase motors--1/20 to. 3/4

I I Applications of split-pha.se mote Transparency 1)

A Fans

00 burners
=.4

C Pui-rips

D f316wers

DdmestIc refrig or compressors

iNOTE All motor starting components must be external on a hermetic
ciorripreisor ("otor

r

WIndin(15 yf split -phase motor

B. Roil

V CharacAristics )f y'incitnas ,n split phase muter (Transparency 2)

A St.,j,t
A I

1 High eStStdrICE

Sni,111

t)
eat I ")
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114FORMATION SHEET

3. More turns

4. Wound on top of run winding in pole slots

B Run winding

1. Low resist, .ce

2 Heavier wire

3 Fewer turns

Wound in bottom of pole slots

VI Purpose of starting mechanism-- Retneves starting winding when motor reaches ,s

approlimately 75 to 80% of its synchronous speed

VII, Cortn*nents )f split phase motor (Transparency 3)

A - pverload (inherent motor protection)

B Rotor

C. Centrifugal starting r ,echanism or relay

D winding

E Run winding

VIII 1..,,,National Elpetrical Manufacturer's Association (NEMA) motor lead codes' for start

4777indings (Transparency 4)

A Start winding- T2 and T4

B Run winding T1 and 13

NOTE In older motors the ,un winding was marked M1 and M2, and the

start wIndini, Jas rlarkeci Si and S2.)

IX Motor lead color code

A T I- Rcri

T2 Blue

-3- velIo.,

D T4- BIsii,;K

(NOTE s Lorlinr; ;s typical and may vary ir some specific motors.)

382
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X. Directions of rotation (Transparency 5)

A Counterclockwise

B Cockwise

ft

ARC II 65-C

(NOTE Motor rotation is determined from shaft end on some motors and
opposite the shaft end on others.)

XI. Motor power wiring (Transparency 6)

A 120 VAC

B 208/240 VAC

3 S r-

I,
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so

Split-Phase Motors

Open Drive Motm

3S.I.

Hermetic Motor

335



Characteristics ofof Run and Start Windings
Run Start

Low Resistance

4

Heavier Wire

Few Turns

Wound in Bottom

of Slots

3S6

--15ZR5P--
O

High Resistance

,Lighter Wire

More Thins

Wound on Top

of Main Winding

Laminated Poles

-7b107SZY7P-

011110110

3S7
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I

Schematic Diagram of a Split-Phase Motor

Overload

Centrifugal
Starting Switch

0
Power
Source

Heater Wire Bimetal
Disc

Starting
Run Winding Winding
(Main) , (Phase)

389
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Motor Wiring for Rotations
,

Power T1
Source 13

Power
Source

Counterclockwise 0

Rotation T4

. (Note: On some motors the wiring is inaccessible.)

Clockwise
Rotation



o

Motor Wiring for 120 VAC or 208/240 VAC Operation
Starting
Switch

394

1

120Volt
Power Source

Overheat Protector

Starting
Switch

Main
Windings

1--I

0

,v Starting Winding
00-orrl ,

1 , A

Th
4

440)B i011/2410 Volt
oc ower Source

2 1

5
oD---o

Overheat Protector

395 ")
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SPLIT-PHASE MOTORS
UNIT II

JOB SHEET #1- -WIRE A SPLIT-PHASE DUAL VOLTAGE MOTOR
TO A 208/240 VAC SUPPLY

I. Tools and materials

A. Ammeter

B. Voltmeter

C. Dual voltage split-phase motor

I I. Procedure

A. Check to be sure all electrical power is disconnected

B. Connect lead #3 to L1 (Figure 1)

Starting Switch

Rotor

,ade..e.,...Starting Winding

1--Mn.

Main Windings

2
3
4 oD
5---43E

-A'LcoB

..41C

FIGURE 1

C. Connect leads #1 and #2 together

D. Connect lead #4 to L2

L1

208/240-Volt
Power Source
L2

Overheat Protector

E. Have instructor inspect wiring

, Place voltmeter at 250 VAC or higher range

'G. Clip voltmeter leads to motor leads #3 and #4

H. Place ammeter in highest range

I. Clamp ammeter around L1 or L2

J. Turn on electrical power and start motor

390f.'
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JOB SHEET #1

K. Adjust test meters for most accurate reading

L. Record readings

M. Have instructor' inspezt

N. ('lean up and put away tools

3 9 ;
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SPLIT-PHASE MOTORS
UNIT II

JOB SHEET #2--DISASSEMBLE, INSPECT, CLEAN, AND REASSEMBLE

A SPLIT-PHASE MOTOR

I. Tools and materials lir

A. Split-phase motor

B. Screwdriver

C. Open end wrench

D. Center punch

E. Ball peen hammer

F. Soft face hammer

G. Small socket wrench set

H. Motor cleaning fluid

I. Clean shop towel

J. Compressed air

K. Safety glasses

L. Polishing cloth

I. Procedure

A. Check to be sure electrical power is disconnected

B. Remove motor from refrigeration system, if necessary

C. Clean cff outer surface of motor

D. Disconnect wires at motor

(NOTE: Be sure to label or draw a diagram of wire positions on motor _.

terminals.)

F Remove motor pulley

i>

3 9 b
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JOB SHEET #2

F. Mark end bells (Figure 1)

(NOTE: This is-to keep bell ends in their proper places. Using center punch,

place one mark on pulley end bell and two marks on opposite end bell;

mark housing in the same way.)

FIGURE 1

G Remove bolts holding end bells (Figure 2)

(NOTE Prior to removing end- bells polish shaft ends for easy removal.)

FIGURE 2

39j
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JOB SHEET #2

H. Use soft-fared hammer and drift punch to tap end bells loose (Figure 3)

FIGURE 3

I. Remove end bell that does not contain starting switch

(NOTE: Obserie position and number of shims as you remove the rotor.)

J. Remove rotor

K. Remove end bell containiny starting switch

(CAUTION: Do not attempt to remove stator.)

L. Put on safety glasses

M. Clean motor with compressed air

N. Clean outside of motor with special cleaning ;luid

0. Clean bearings and make sure wicking is in place and oiled

(CAUTION: Do not clean ball bearings with compressed air.)

P. Replace end bell containing switch

Q. Insert rotor ,making sure shims are in place

(NOTE: A drop of oil should be placed on bearing part of the shaft.)

R. Visually inspect rotor and stator alignment

S Check position of end bells with center punch marks

t
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JOB SHEET #2

T Use soft raced hammer to tap end bells in place (Figure 4)

FIGURE 4

.1

U Insert end bell bolts and tighten

V. Turn shaft by hand

r"...,.......

(NOTE' If it is tight, end bells may not be in proper alignment, or the

wicking may be between bearing and shaft I

W Have instructor inspect

X Connect temporary leads and test motor

Y Clean up and put away tools

A

401



SPLIT-PHASE MOTORS
UNIT II

NAME

TEST

ARC II 85-C

1. Match the terms on the right to the correct definitions.

a. Twisting force created by a motor as it 1. Split-phase

starts and uns motor

b. Winding of motor which has current
flowing through it during normal
operatiun of motor

c. Motor with two stator windings; while
both windings are in use for starting, the
starting winding ;s disconnected by

centrifugal switcm after motor attains
approximately 75 to 80% of its speed,
and motor then operates on run winding
only

d. Winding in the electric motor that is
used only briefly while the motor is
starting

2. Start winding

3. Run winding

4. Torque

2. State the common horsepower range of split-phase motors.

3. List four applications of split-phase motors.

a.

b.

c.

d.

4. List the two windings of a split-phase motor.

a.

b.

4 0



86-C

5. List the characteristics of the windings in a split-phase motor.

a. Start winding

1)

2)

3)

4i

b. Run winding

1)

2)

3)

4)

6. Discuss the purpose of the starting mechanism.

0

Identify the components of a split-phase motor.

A
B

-*
Power
Source

E

403

D
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8. Match start and run windings on the right to the motor lead codes by NEMA.

a. T1 1. Start winding

2. Run winding

b. T2

c. T3

d. T4

9. Match the code numbers on the right to the code colors of motor leads.

a. Yellow

b. Red

c. Black

d. Blue

10 Identify the directions of rotation.

T2
T1

Power Source
T3

a.

b.

..,

1. T3

2. T1

3. T2

4. T4

Power
Source

404



11. Identify the motor power wirings.

Starting
Switch ""

I

a.

Rotor

Main Windings

Strting Winding

00
1

2 LoTh
3
4

Starting Switch

OE

Squirrel-Cage

Overheat Protector

'Starting Winding

2

4
5

Main Winding 37-- Overheat Protector,

2

b.

12. Demonstrate the ability to:

a. Wire a split-phase dual voltage motor to a 208/240 VAC supply.

b. Disassemble, inspect, clean, and reassemble a split-phase motor.

(NOTE: -If these activities have not been accomplished prior to the test, ask

your instructor when they should be completed.)

4 40r.
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SPLIT-PHASE MOTORS
UNIT II

, ANSWERS TO TEST

1. a. 4

b. 3

c. 1

d. 2 s

2. 1/20 to 3/4

3. Any four of the following:

a. Fans

b. Oil burners

c.
0.

Pumps

d. Blowers

e. Domestic refrigerator compressors

4. a. Start

b. Run

5. a. Start winding

1) High' resistance

2) Small wire

3) More turns a

4) Wound on top of run winding in pole slots

b. Run winding

1) Low resistance

2) Heavier wire

3) Fewer turns

4) Wound in bottom of pole slots

406
.
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6. Disoussion 41Ould include--Removes starting winding when motor reaches
approximately 75 to 80% of its synchronous peed

a. Overload (cnherent motor protection)

b. Rotoi

c. Cencrifugal starting mechanism or relay

d. / Starting winding

e. Run winding

8. ,a. 2

b. 1

c. 2

d. 1

9. a. 1

b. 2

c. 4

d. 3

10. a. CounNrclockwise

b. Clockwise

11. a. 208/240 VAC

b. 120 VAC

12. Perforrnane skills evaluated to the satisfaction of the instructor



ARC II 91-C

SHAEITORS
,UNITHIT

UNIT OBjtcTIVE

After completion of this unit, the student should be able to define terms, list applications,

and list disadvantages of shaded-pole mot,:rs The student should also be able to discuss

stator construction, methods reversing rotation, methods of varying motor speed, and

check a shaded pole motor. This knowlecrge will be evidenced through demonstration and
by scoring eighty five percent on thn unit test ."

SPECIFIC OBJECTIVES

After ( crnpletion of this unit, the student should be .able to

1 Define terms associated with shaded-pole motors.

2 List applications of shaded pole motor

3 Discuss the stator ronstruction of the shaded-note motor

'1 Match number of poles to the correct motor RPM.-

5 List three disadvantages of shaded -pole motors

6 LIST the two voltages for shaded pole motors.

7 Dic'.;uss the methods of reversing rotation of shaded-pole motors.

8 Discuss the methods of varying the speed in shadec4.,K3le rnofors.

9 State th e most common remedy of shaded -pole motor failure.

10, Demonstrate the' ability to check a shaded-pole motor

.408
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SHADED-POLE MOTORS
UNIT III

SUGGESTED ACTIVITIES

1. Instructor:

A. Provide student with objective sheet.

B. Provide student with information and job sheets.

C. Mak , transparencies.

D. Discuss' unit and specific objectives.

E. Discuss information sheet.

F. Demonstrate and discuss the procedure outlined in the job sheet.

G. Show several different styles of shaded-pole motors.

:H. Disassemble a shaded-pole motor and place on a display board.

I. Give test.

H. Student:

A Read objective sheet.

B. Study information sheet.

C. Complete job shee'.

D. Take test.

INSTRUCTIONAL MATERIALS
._:

I Included in this unit:

A. Objective sheet

B Information sheet

C Transparency masters

1 TM 1--Stator Construction

2. TM 2--Electrical Reversal of Rotation

3. TM 3--Methods of Varying Motor Speed

409
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D. Job Sheet #1--Check a Shaded-Pole Motor

E. Test

F. Answers to test

II. Reference's:

A. Schweitzer, Gerald. Basics of Fractional Horsepower Motors and Repair.

Rochelle Park, New Jersey: Hayden Book Co., Inc., 1960.

B. Althouse, Andrew D.; Turnquist, Carl H.; and Bracciano, Alfred F. Modern

Refrigeration and Air Conditioning. Homewood, Illinois: Goodheart-Willcox

Co , 1975.

sI
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SHADED POLE MOTORS
UNIT III

INFORMATION SHEET

I Terms and definitions

ARC H 95 -C

A Reactor coil- Coil of many turns of fine magnet wire which is wired in
series with the stator of a shaded pole motor to provide a lower speed

(NOTE. This coil is sometimes called a choke and looks similar to a
transformer )

P Shading coil-Closed loop of wire placed in a slot in the motor's stator
ple and provides a phase shift to aid in motor starting and determines
direction of rotation

11 Applications of shaded-pole motors

A Refr .erator evaporator fans

B Refrigerator condenser fans

C Window air-conditioner fans

D Furnace blowers

E Furnace combustion fans

F Timers

!II Stator construction (Transparency 1)

A Laminated poles

B. Poles are siotted

C Stator winding is below shading slot

D Each shading coil is a closed loop

I V Number of poles and motor RPM

A, Two pole 3.000 RPM

B Pour pole 1,500 RPM

C Six pole 1,050 to 1,100 RPM

(NOTE Mo tot RPM determined by the norober of poles

411
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INFORMATION SHEET

V. Disadvanta-ge:, at shaded pole motors

A 1_ ow torque

B Speed variations

(NOTE The speed of a shaded pole motor may vary over a wide range

th change ,n !ither load or the applied voltage.

C Ineff,(,ent

VI Voltages for shaded pole motors

A 120 VAC single-phase

B 208 240 VAC single phase

(NOTE Shaded pole motors are not available in either dual or three-phase

voltages

VII Methods of reversing rotation of shaded pole motors

A Mechanical

1 Rotor reversal

a Disasstmole motor

Reverse rotor assembly in stator

Reassemble Motor

2 Clianging shading slot

Disassemble motor

h Remc,te rotor assembly

Cut nevII shading slots in opposite side

d Move shading coils to new slots

Reassemble motor

(NOTE These procedures are not recommended for he'd use but

wdy neceSr.dry in extreme situations

41"



ARC II 97-C

INFORMATION SHEET

B. Electrical

1. Two sets of field coils per shading coil (Transparency 2)

a. Use a double pole double throw switch

b. Positron of switch determines direction of rotation

2. Two shaded-pole stators within one frame

a. Four motor leads

b. Connect the set of leads needed for the rotation desired

(NOTE: These electrical characteristics have to be built into the
motor at the time of manufacture.)

VIII. Methods of varying speed (Transparency 3)

A. Tapped stator winding

1. High speed--Least resistance portion of winding

2. Low speed--Complete winding high resistance

B. Reactor coil

1. Wired in series with stator winding

2. Low speed -- Through reactor

3. High speed--By-pass reactor

IX. Most common remedy of shaded-pole motor failure--Replacement

(NOTE: Shaded-pole motors are relatively inexpensive and they are

time-consuming to disassemble and-repair. Therefore, replacement is the generally

accepted procedure Instead of major repair.)

413
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Stator Construction

Pole of a ShadedPole Motor

Main Portion
of Pole

Shaded Portion of Pole

Laminated Core

Note: Arrow on Main Portion of
Pole Indicates Direction of Rotor Rotation

411

(

*

Placing Stator Windings
on a ShadedPole Motor

Laminated Core

Stator
Winding

Pole Piece

Line

Input

Shaded Coil
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Electrical Reversal of Rotation

L.

One Pole of Laminated Core Cut into 3 Subpoles

Stator Winding

Shading Coil

Stator Winding

Rotor Suf face
DoublePole
DoubleThrow
Switch

With Switch at A, Rotation is Clockwise
With Switch 'al B, Rotation is Counterclockwise

41:,
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L1

Methods of Varying Motor Speed.

Tapped Winding

High Speed

L2

SPDT

Low Speed
Switch

ShadedPole Motor

;ill

-4
Reactor

c
w

418

L1

Reactor II Circuit

High Speed

J.2

SPDT

Low Speed
Switch

Reactor Coil

Shaded Pole Motor

419
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SHADED -POLE MOTORS
jJNIT III

JOB SHEET #1--CHEC:: A SHADED-POLE MOTOR

I. Tools and materials

A. Shaded-pole motor

B. Power cord with test clips

C. Ammeter or wattmeter

D. Bench vise

E. Compressed air

F. Motor cleaning fluid

G. Shop towel

H. Safety glasses

I. Ohmmeter

J. Polishing cloth

II. Procedure

A. Place motor in bench vise

B. Put o safety glasses

C. Clean motor with compressed air

D. Clean outside of motor with cleaning fluid

(NOTE: Motors that are cleaned will run cooler and more efficiently.)

E. Use ohmmeter to determine high and lovi7"speeds on stator tapped motors

F. Take hold of motor shaft

G. Check side play ti

H. Check end play

I. Have instructor check if side play or end play is excessive

J. Connect test cord to motor leads

4:40
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i

1.

JOB SHEET #1

K. Clamp ammeter around one motor -lead or connect wattmeter

L. Plug in power cord

M. Check amperage reading

N. Compare amperage reading to F.L.A." on motor.
,

0. Have instructor che&

P.. Clean up and put away tools

e

A

(

421
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SHADED-POLE MOTORS
UNIT III

TEST

1. Define the terms associated with shaded-pole motors.

a. Reactor coil--

b. Shading coil --

NAME

2. List five applications of shaded-pole motors.

a.

b.

c.

d.

e.

3. Discuss the stator construction of the shaded-pole motor

4 2, 2
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4. Match the number of poles on the right to" the correct motor RPM.

a. 1,500 RPM 1. 'rwo pole

b. 3,000 RPM 2. Six pole

c. 1,05n-1,100 RPM 3. Four pole

5. List three disadvantages of shaded-pole motors.

. a.

b.

c.

6. List the two voltages for shaded-pob, fors.

a.

b.

7. ..), sc,..s the methods of reversing rotation of shaded-pole motors.

a. Mechanical

b Electrical

4 9., ,..



8. Discuss the methods of varying the speed in shaded-pole motor

/

.

G. State the most common remedy o'. shaded-pole motor failure.

°Nor
10. Demonstrate the ability to check a shaded-pole motor.

ARC II 109-C

(NOTE: If this activity has not been accomplished prior to the test, ask your
instructor when it should be completed.)

424



9
ARC II 111-C

SHADED-POLE MOTORS
UNIT II;

ANSWERS TO TEST

1 a. Reactor coil--Coil of many turns of fine magnet wire which is wired in
series with the stator of a shaded-pole motor to provide a lower speed

b. Shading coil--Closed loop of wire placed in a slot in the motor's stator
pole and Provides a phase shift to aid in motor starting and determines
direction of rotation

2. Any five of the following:

a. Refrigerator evaporator fans

b. Refrigerator condenser fans

c. Window air-conditioner fans

d. Furnace blowers

e. Furnace cobustion fa is

f. Timers

3. Discussion should include:

a. Laminated poles

b. Poles are slotted

c. Stator winding is below shading slot

d. Each hading coil is a closed loop

4. a. 3

h. 1

c. 2

5. a. Low torn!..

b. Speed variations

c. Inefficient

u. a. 120 VAC gjngle-phase

b. 208/240 VAC single-phase

425rtr-
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7. Discussion should include:

J a. Mechanical

1) Rotor reversal

a) Disassemble motor

b) Reverse rotor assembly in stator

c) Reassemble motor

2) Changing shading slot

a' Disassemble motor

b) Remove rotor assembly

c) Cut new shading slots in opposite side

d) Move shading coils to new slots

e) Reassemble motor

b. Electrical

1) Two sets of field coils per shading coil

a) Use a double pole' double throw switch

b) Position of switch determines direction of rotation

2) Two shaded pole stators within one frame

a) Four motor leads

b) Connect the set of leads needed fcr the rotation desired

8. Discussion should include:

a. Tapped stator winding

1) High speed-Least resistance portion of winding

2) Low speed--Complete winding high resistance

b. Reactor coil

1) Wired in series with stator winding

2) Low speed-Through reactor

3) High speed- 6y pass reactor

9. Replacement

10. Performance skill evaluated to the satisfaction of the instructor

42b
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CAPACITOR MOTORS
UNIT IV

UNIT OBJECTIVE

After completion of this unit, tne student should be able to define terms associated with
capacitor motors, list two types of capacitor motors, discuss capacitor motors, identify
the wiring diagrams of different .capacitor mou.-s, and start a seized hermetic compressor.
This knowledge will be evidenced through demonstration and by scoring eighty-five percent
on the unit test

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Define terms associated with capacitor motors.

2 List two types of capacitor motors.

3 Discuss the characteristics of capacitor motors.

4 Discuss C.S.I.R. (Capacitor Start-Induction Run) motors

5 Discuss C.S.R. (Capacitor Start-Capacitor Run) motors.

6 Discuss P.S.0 (Permanent Split Capacitor) motors

7 Identify the wiring diagrams of C.S.I.R., C.S.R., and P.S.C. motors.

8 Demonstrate the ability to start a seized hermetic compressor motor

42:'
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CAPACITOR MOTORS,
UNIT IV

SUGGESTED ACTIVITIES

I. Instructor:

A. Provide student with objective sheet.

B. Provide student with information and job sheets.

C. Make transparencies.

D. Discs unit and specific objectives.

E. Discuss information sheet.

F. Demonstrate and discuss the procedures outlined in the job sheet.

G. Show students actual capacitor motors.

H. Disassemble a capacitor motor and place on a display board.

I. Give test.

II. Student:

A. Read objective sheet.

B. Study information sheet.

C. Complete job sheet.

D. Take test.

INSTRUCTIONAL MATERIALS

Included in this unit:

A. Objective sheet

B. Information sheet

C. Transparency masters

1. TM 1--C.S I R. Motor Wiring

2. TM 2--C.S.R. Motor Wiring

3 TM 3--P.S.C. Motor Wiring

42
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D. Job sheets

1. Job Sheet #1--Start a Seized Hermetic Compressor Motor

E: Test

F. Answers to test

II. Reference

A. Schweitzer, Gerald. Basics of Fractional Horsepower Motors and Repair.
Rochelle Park, New Jersey: Hayden Book Co., Inc., 1960.

B. Grim, Jchn H. Refrigeration System Components. Sidney, Ohio: Copeland
Refrigeration Corp., 1967.

C. Althouse, Andrew D.; Turnquist, Carl H.; and Bracciano, Alfred F. Modern.
Refrigeration and Air Conditioning. Homewood, Illinois: Goodheart-Willcox
Co., 1975.

42J



CAPACITOR MOTORS
UNIT IV

INFORMATION SHEET

I. Terms and definitions

ARC II 117-C

A. Dual-voltage motors--Motors which are designed to operate on more than
one voltage

B. Capacitor motors--Motors which use a start capacitor and/or a run capacitor
in the electrical circuit

C. Hermetic motor--Motor which is sealed in the hermetic dome with the
compressor

II. Types of capacitor motors

A. Open drive

B. Hermetic

III. Characteristics of capacitor motors

A. Essentially the same design as a split-phase motor

(CAUTION: Do not attempt to increase the torque of a split-phase motor
by inserting a start capacitor in series with the start winding. The windings
of split-phase motors and capacitor motors at-. designed differently and the
insertion of a start capacitor in a split-phase motor would cause permanent
damage.)

B. Start capacitor is in series with start winding

C. Higher starting torque

D. More efficient, less amperage draw

E. Run capacitor is parallel to both windings

IV CS.I.R (Capacitor Start-induction Run) motors (Transparency 1)

A Designed for heavier loads than split-phase motors

B A switch must be provided to remove start capacitor from circuit after
starting

C Available in single or dual voltage

V C S.R (Capacitor Start-Capacitor Run) motors (Transparency 2)

A High starting torque

B. High efficiency, lower amperage draw

430
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C.

D.

E.

ft

INFORMATION SHEET

High power factor

Increased capacitance at instant of start

Start winding stays in phase with run winding

(NOTE: This enables the start winding to help the load requireme lc. of

the run winding.)

VI. P.S.C. (Permanent Split Capacitor) motors (Transparency 3)

A No centrifugal switch in open drive motors

B Low starting torque

C. No motor starting relay

Ir D. Direction of rotation may be reversed

E. Potential relay and start capacitor may be added for increased starting

' torque

(NOTE: The addition of a potential relay and a start capacitor to d P.S.C.

motor is referred to as a hard start kit.)

VII. Wiring diagrams of C.S.I.R., C.S.R., and P.S.C. motors (Transparencies 1, 2, and

3)

i
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C.S.I.R. Motor Wiring

i,Start
R

Capacitor
Main!

(
1

i--- 1,--1

S c'15n
Start

Winding

Winding L-

C

I I

L J

..9

-1---Line Voltage

4;.

Current Relay
.

$.

21
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a

o.

i

C.S.R. Motor Wiring

Run Capacitor

r
r- ' -..
, .
.

,

....111

R

iii.. Bleed

3

Potential' Relay

Start Capacitor
Resistor

c

a.

Start Winding

*

Main Winding

Line Voltage

7

.
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P.S,C. Motor Wiring
R

Run Capacitor

Sy-
o

Start Winding

Main Winding

:Line Voltage-
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CAPACITOR MOTORS
UNIT IV

JOB SHEET #1--START A SEIZED HERMUIC COMPRESSOP MOTOR

(NOTE The success of starting a seized compressor is very lim:ted and it it

does start it is very likely that it \mil seize again.)

I Tools dnd materials

A 120 VAC stuck hermetic compressor

B. Hermetic analyze.

C Run capacitor

D Rubber mallet

E. Ohmmeter

II Procedure for using higher voltage momentarily

A. Remove starting components from compressor

B. Connect hermetic analyzer to compressor (Figure

FIGURE 1 240V

Hermetic Analyzer r
fv1

Compressor Motor

C. Connect analyzer power cord to 240 ,' AC supply

D Momentarily attempt to start the 120 VAC compressor with 240 VAC

(CAUTION Dc not leave the 240 VAC applied to the compressor for more
than a few seconds )

E Bump the compressor va th the rubber mallet a couple of times

I I I Procedure for reversing otati on

A Connect analyzer power card to 120 VAC powe supply

'1 3



J08 SHEET #1

B. Place a run capacitor in series with the run winding (Figure 2)

FIGURE 2 120V

Hermetic Analyzer

:,Jr In Run Winding

(NOTE: This will reverse the direction of rotation of the compressor motor.)

C. Have ins*ructor check

D. Disconnect hermetic analyzer from power supply

E. Disconnect hermetic analyzer from compressor

F. Replace Startiny components on compressor

G Clean up and put away tools

C

436



CAPACITOR MOTORS
UNIT IV

NAME
TEST

ARC II 127-C

1 Define the terms associated with pacitor motors.

a. Capacitor motors

b Dual- voltage ,,totors

Hermetic motors--

2 List two types of capacitor motors

a

b

3. Discuss the characteristics of capacitor motors.

4 Discuss CSIR (Capacitor Start Induction Runl motors

43
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ARC II 129-C

8. Demonstrate the abitity to start a seized hermetic compressor motor

(NOTE: If this activity has not been accomplished prior to the test, ask your
instructor when it should be completed.)
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ARC II 131-C

CAPACITOR MOTORS
UNIT IV

ANSWERS TO TEST

1. a. Capacitor motors--Motors which use a start capacitor and/or a run capacitor
in the electrical circuit

b. Dual-voltage motors--Motors which are designed to operate on more than
one voltage

c. Hermetic motor--Motor which is sealed in the hermetic dome with the
compressor

2. a. Open drive

b Hermetic

3. Discussion should include.

a. Essentially the same design as a split-phase motor

b. Start capacitor is in series with start winding

c. Higher starting torque

d. More efficiert, less amperage draw_

e Run capacitor is parallel to both windings

Discussion should include.

a Designed for heavier loads than split-phase motors

b A switch must be provided to remove start capacitor from circuit after
starting

c Available in single or dual voltage

5. Discussion should include.

a High starting torque

h High efficiency, ower amperage draw

c High power .factor

d Increased capacitance at instant of start

e Start winding stays in r ase with run winding



6. Discussion should include:

a. No centrifugal switch in open drive motors

b. Low starting torque

c. No motor starting relay

d. Direction of rotation may be reversed

e. Potential relay and start capacitor may be added for increased starting

torque

7. a. C.S.R.

b P.S.C.

c. C.S.I.R.

8. Performance skills evaluated to the satisfaction of the instructor

A ,4 r)
A A ...1

7



ARC II - 133-C

THREE-PHASE MOTORS
UNIT V

UNIT OBJECTIVE

After completion of this unit, the student should be Fable to match terms, list types of

three phase motors, discuss the characteristics of various types of three-phase motors, and
describe the prOcedure of reversing the rotation of a three-phase motor. This knowledge
will be evidenced by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able tc:

1 Match terms associated with three-phase motor to the correct definitions.

2 List the three major types of three-phase motors.

3 Discuss the electrical characteristics of three -phase motors and their
components

4 Distinguish between a symbolic drawing of a delta wound motor and a
symbolic drawing of a wye "Y" wound motor

Disc ass the synchronous motor

Discuss the squirrel cage motor

Discuss the wound -rotor motor

D"sc He procedure c f reyersiug the rotatio-, of a three uHase motor



THREE-PHASE MOTORS
UNIT V

SUGGESTED ACTIVITIES

I Instructor

ARC II 135-C

A. Provide student with objective sheet.

B. Provide student with information sheet.

C Make tran.parencies.

D Discuss unit and specific objectives.

E. Discuss information sheet.

F. -31sks:emble a three-phase motor and place it on a display board.

G H.a..,e student check the wiring connections on six and nine lead motors

H Give test.

II, Student

A Read objective sheet.

B Study information sheet.

C. Take test.

INSTRUCTIONAL MATEMALS

I Includad in this un't

A Objective sheet

B Information sheet

C Transparency masters

1 TM 1--Wye Motor Lead Connections .,

2, TM 2- Delta Wound Motor

3, TM 3 -Wye "Y" Wound Motor (Single Speed)

4. TM 4-- Synchronous Motor

4 1v
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5 TM 5 -Squirrel-Cage Rotor

6. TM 6- Wound Rotor Motor

D Test

E Answers to test

11 References.

A Schweitzer, Gerald. Basics of Fractional Horsepower Motors ano Repair.

Rochelle Park, New Jersey Hayden Book Co., 1960.

B Paraday, W. Hdrold; Turner, J. Howard; and Colvin, Thomas S. How Electric

Motors Start and Hun. Athens, Georgia: American Association for
Vocational Instructional Materials, July 1973.

4 IC
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THREE -PHASE MOTORS
UNIT V

INFORMATION SHEET

I Terms and definitions

ARC II 137-C

A. Synchronous--Constant speed to which an alternating current motor adjusfs
itself, depending on the frequency of the power supply and the number

o' doles in the motor A

B Squirrel cage rotor--Rotor consisting iPf two discs connected along their
circumference with copper bars -which creates a shunted circuit

(NOTE: The squirrel-cage motor derives its name by using the squirrel-cage

rotor

C Wound-rotor induction motorSimilar to the squilcrel-cage rotor with the
exception that the windings are insulated rather than shunted and the
current is picked up through carbon brushes

D Adjustable autotransformer -- Transformer in which parts of one winding are
common- to both the primary and the secondary circuits, and the output
voltage is adjustable from zero to line voltage

(NOTE. A trade name for this is a Variac.)

E Brush Piece of carbon or graphite which is an internal part of a motor
and rides on the commutator or slip rings to provide an electrical connection

to tne rotor

Variable resistor -"''re wound resistor in which the resis.ance may be

sele:ted tnrcugh a pier; range by turning of the control shafi:

II typo of three-phase motors

A Synchronoui

B Squirrel-cage rotor

C Wound rotor

I ll Electrical characteristics of three-phase motors and their components

A Three-phase supply voltage

B May be dual or single voltage

1 Srigle voltage has three motor leads

4
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INFORMATION SHEET

2. Dual voltage has six or nine motor leads

Example ,
A 208-220/440 VAC 3 phase motor will operate
on either 208/220 VAC 3ph. power or 440 VAC

3 'phase power. Motor lead connections are

different for each. (Transparency 1)

C. Rotor

D. Stator

1 Three single-phase windings

2. Each winding is 120 electricai degrees out of phase with the

adjacent winding

IV Delta wound motor and wye "V" wound motor (Transparencies 2 and .3)

V Synchronous motor (Transparency 4)

A. Standard stator

P A direct current source of excitation for rotor

1 Mounted on rotor shaft

2 Piovides the starting torque

C. Small, low torque synchronous motors are nonoiccited

D High power faclor

VI Squirrel cage motor (Transparency 5)

(NOTE. The squirrel-Cage motor den.. es its name by use of the squirrel-cage

)

A Induction start and run

B Speed is determined by two conditions

1 Frequency

2 Number of poles

C Low to medium starting torque

4
4 1
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Wye Motor Lead Connections

208/220 Volts

@

440 Volts

1 ,(, i
I I I

451



Delta Wound Motor

0
0-

Phase C



WYE "Y" Wound Motor
(Single Speed)
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Magnetic Lock\

Synchronous Motor

Stator
3-Phase Winding,

Producing A Rotating

Magnetic Field

451 (155
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Copper End Ring

45u

Squirrel-Cage Rotor

Welded At All Joints

_.-

Bars

Laminations Forming Iron Core

45



Wound-Rotor Motor

Rotor

A

45i



THREE-PHASE MOTORS
/UNIT V

NAME

TEST

ARC II 153-C

1. Match the terms on the right to the correct definitions.

a. Piece of carbon or graphite which is an 1. Brush

internal'part of a motor and rides on the
commutator ..)r slip rings to provide an 2. Squirrel-cage
electrical connection to the rotor rotor

b. Rotor consisting of two discs connected 3. Synchronous
along their circumference with copper
bars which creates a shunted circuit 4. Variable

resistor
c. Constant speed to which an alternating

current motor adjusts itself, depending . 5. Adjustable
on the frequency of the power supply autotransformer
and the number of poles in the motor

d. Transformer in which parts of one

winding are common to both the
primary -nd the secondary circuits, and
the output voltage is adjustable from
zero to line voltage

e. Similar to the squirrel -cage rotor with
the exception that the windings are
insulated rather than shunted and the
current is picked up through carbon
brushes

f. Wire wound resistor in which tne
resistance may be selected through a
given range by turning of the control
shaft

2. List the three major types of three-phase motors.

3.

b.

c.

460

6. Wound-rotor
induction motor
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3. Discuss the electrical characteristics of three-phase motors and their components

4 Distinguish between a symbolic drawing of a delta wound motor and a symbolic
drawing of a wye "Y " wound motor by placing an ' X" under the drawing

of a delta wound motor

0

a
I)

(

Phase C



5. Discuss the synchronous motor.

6. Discuss the squirrel cage motor.

7 Discuss the wound-rotor motor.
--I.

40
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8. Describe the procedure of reversing the rotation of a three phase motor.

1.-

14
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THREE PHASE MOTOR
UNIT V

ANSWERS TO TEST

1 a. 1 d. 5

b. 2 e. 6

c. 3 f. 4

2. a. Synchronous

b. Squirrel-cage rotor

c Wound-rotor

3. Discussion should include:

a. Three-phase supply voltage

b. May be dual or single voltage

1) Single voltage has three motor leads

2) Dual voitage has six or nine motor leads

c Rotor

d. Stator

1) Three single-phase windings

2) Each winding is 120 electrical degrees out of phase with the
adjacent winding

4 b

5 Discussion shoulc.; include.

a Standard stator

b A direct current source of excitation fcr rotor

1) Mounted on rotor shaft

2) Pr ovides the starting torque

Small, low torque synchronous motors are nonexcited

d High power frictor

'
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6. Discussion should include

a Induction start and run

b Speed is determined by two conditions

1) Frequency

2) Number of poles

c. Low to medium starting torque

7 Discussion should include

a Slip ring brushes

Motor control

1) Variable resistor

Autotransformer

c Variable characteristics

1) Starting torque

2) Current

3) Operating speed

4) Acceleration

d Used mostly on hea"y equipment which requires

I ) High starting torque

2) 'Smooth acceleration

3) Van lble speeds

Descnotiun should Incl., The ;matron of any three phase mz,y he reversed
by SWItching any , of the lc-re voltage lead,.



DIAGRA'ilS
UNIT I

UNIT OBJECTIVE

After cc mplet.on of this unit, the student Should be able to match terms to their
definitions, match symbols to component names, and distinguish between pictorial and
schematic wiring diagrams The student should also be able to draw pictorial and schematic

wiring diagrams This knowledge will b' iividenced through demonstration and by scoring
eighty five percent on the unit test

SPECIFIC OBJECTIVES

After completion of this i; it, the student should be able to

1 Match terms associated vvitli wiring diagrams to the correct definitions

identif, yiring (fix:ran-1'2

3 List seven characteristics of a pictorial wiring diagram

4 List five oharactiiiistics of a .,chematic wiring diagram

5 I ist the four iparor steps in building a ladder schematic

6 Disci, 'he schematic iertend

7 schemati,_ symbols to component names

8 ,Denionstratc the ability to

a Draw a basic schematic wiring diagram

Draw current relay wiring diagrams

potential relay wiring diagrams of a self contained unit

I Draw hot ',vire relay Wiling diagrams

Dory gas i,ince wiring diagrams

Draw outdoor , JIKIencing u i3it wiring diagr

Draw 1,1'3 ;unlace 111 '111 with I t sviltrlies

Draw electric hun JCP wiring diagrams

1 P.'1 .)
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')raw indoor au handler and outdoor condensing unit wiring diagrarn.

Draw a domestic refrigerator wiring diagram

k Draw a kidder schematic by looking at a domestic refrigerator.

Draw a ladder schematic by looking at a window air conditioner.

m Draw a ladder schematic by looking at a system with low voltage
control circuit

1 V,'1,,i
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WIRiNG DIAGRAMS
UNIT I

SUGGESTED ACTIVITIES,

I. Instructor:

A. Provide student with objective sheet.

B. Provide student with information, assignment, send job sheets.

C. Make transparencies.
ti

D. Discuss unit and specific objectives.

E. Discuss information and assignment sheets.

Demonstrate and discuss the procedures outlined in the job sheets.

G. Obtain wiring diagrams from different equipment manufacturers to show

students.

H. Have students make wiring diagrams for all of the equipment in the shop.

I. Make games for .,Jching the principles of wiring diagrams such as: bingo,
crossword bur:. scrambled words, concentration, and flash cards.

J. Make additional assignment an job sheets.

K. Give test.

11. Student:

t,. Read objective stidet.

B Study iniormation sheet

C. Complete assignment anr! job sheets

Practice making and reading wiring diagrams

E. Recheck all wiring :.)n pane= n?forc nin4 any actua' wiring

F. Take es'.



4 -D

INSTRUCTIONAL MATERIALS

i. Included in this unit:

A. Objective sheet

B. Information sheet

C. Transparency masters

1. TM 1--Pictorial Wiring Diagram

2. TM 2--Ladder Schematic Wiring Diagram

3. TM 3--Symbols

4. TM 4--Symbols (Continued)

D. Assignment sheets

1. Assignment Sheet #1--Draw a Basic Schematic Wiring Diagram

2. Assignment Sheet #2--Draw Current Relay Wiring Diagrams

3 Assignment Sheet #3--Draw Potential Relay Wiring Diagrams at
a Self-Contained Unit

4. AssignMent Sheet #4--Draw Hot-Wire Relay Wiring Diagrams

5. Assignment Sheet #5--Draw Gas Furnace Wiring Diagrams

6. kv,ignment Sheet #6--Draw Outdoor Condensing Unit Wiring
Diagrams

7. Assignment Sheet #7--Draw Gas Furnace Wiring Diagrams with
Two Limit. Switches

8. Assignment Shea, #8--Draw Electric Furnace Wiring Diagrams

9, Assignment Sheet #9--Draw Indoor Air Han, cr and Outdoor
Condensing Unit Wiring Diagram

10. Assignment Sheet #10--Draw a Domestic Refrigerator Wiring
Diagram

E. Answers to assignment sneets

F. Job sheets

Job Sheet 4':1--Dra, a Ladder Schematic by Looking at a

Domestic Refrigerator

.irt Sheet -2--Draw a Ladder Schematic by Loo'cirg at a Window
Air Conditioner

Job Shoot +r3 Draw a Ladder Schematic by' ,

wail Low Voltage Control Circuit

46j
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G. Test

H. Answers to :est

H. References:

A. Russell, Allen S. Schematic Wiring Made Easy. Marshalltown, Iowa: Allen
Russell Associates, 1973.

B. Langley, B. C. Electric Controls for Refrige-ation and Air Conditioning.
Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1974.

C. Russell, Allen S. Getting Started in Heating and Air Conditioning Service.
Birmingham, Michigan: Business News Publishing Co., 1973.



WIRING DIAGRAMS
UNIT I

INFORMATION SHEET

I. Terms and definitions

ACR H 7-D

A Wirmg d agram-- Drawing of electrical circuits

8 Pictorial- Wiring diagram which shows either pictures or representative
drewin2s of each component, components are positioned as they would
appear in the equipment

C Ladder schematic- -Line drawing which uses symbols for circuit components

(NOTE The term ladder comes from the fact that each leg of the power
supply is the side rails of the ladder and the parallel circuits across the
line form the rungs of the ladder.)

D. Legend Descriptive list of the components in a wiring diagram

E Symbol Drawing which represents a particular component in a wiring
diagram

II. Wiring diagrams

A Pictorial .(Transparency 1)

B. Ladder schematic (Transparency 2)

III. Characteristics of pictorial wiring diagrams

A. System components

1. Representative drawings

2 Detailed reproduc ions

B shows components in their approximateiocation

C Provides a g000 guide for fie!ci wiring

D. Circuits are difficult to trace

E Line voltage and low voltage circuits are shown together

V Characteristics of ladder schematic wiring diagrams

A SyAem components j re shown by symbols

i . Schematic wiring diagrams build a ladder

Ladder rungs are individual circuits

47 ;. _,,..
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INFORMATION SHEET

L l'it' 1(,,11 HtqS St'pdt TPti

C ` I

a

'F,gur,.2 1)

L-14 A utrai L2
3) VAC 120 VAC

54

L

F

d,!

240 VAC /Ill FIGURE 1

O.H scriararcr p irailci circu't 1

C

4 Nut' .1i AL2

I

I, \
I

v' v5

CH

AL2

Loads

C.H Crankcase 1+2,at,-)
0 F M. -Outdoor Fan Motor
P.S C. Como Permanent

SpItt Capircttor
Compo-sscr

rIGURE

1.555, 's

A I T1 Set (); Ct, I it

r 12 F,r).) Of C,a,)

47
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FIGURE

INFORMATION SHEET

Connect all circuits across the line (Ptgure 4)

Li 4,

4 TIT

Gr. A L2

C H.

VI. Schematic legend

A. Identifies schematic components

B. Distinguishes differences in manufacturer's symbols

C Aids in locating components

VII. Schematic symbols (Transparency 3)

A. Capacitor

B Coils _I -

C. Contacts i
Opr,, Closed

D. Conductors

Cri,ssing JunctIon

E Fuse

F Fusible link

G Ground connection

47
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tt ,q11t

1%F0F,': TION SHEET

I. Pe)-1-tor resIst, tice ,)..ater

J \,11,11ttpitt cooductor (t3nIe

K rrocouoie
\V'

t franStormer (YY\r)

1`.7 002(i.1,1(j

P 2

/
, 1;',C1

o ,,,rt(tI t ,SPST)

1;, r;`!(1,\ ")i-D

11:t,), 111e 11

( H',;("'(1'



INFORMATION SHEET

X. Temperature scvitcn
Close On
Temperature
Rise

Y. Permanent split capacitor motor

Z Single-phase moto

C-'
AA. Three-phase motor

s

--C
Open On
Temperature
Rise

ACR II 11-D

3



Pictorial Wiring Diagram

Power Cord Switch\(few

Ground I 11

Compressor Overload

t1
n1 White

11' Mi
c\ RI S atRun CapacitorIP IL-

Compressor Motor Terminals

Evap. Side

memo

Thermostat

Cond. & Evap. Fan Motor

Cond. Side



Ladder Schematic Wiring Diagram

Neutral

220 VAC I

4,----2 Med.

3
Lo

Hi

_ _ Switch

Fan Motor

I
T

L2

Fan Capacitor

Bimetal
Overload

PSC Compressor



Capacitor

Coils

Contacts
MYYlibm--

I I-- ---lii---
Open Closed

.Conductors

Crossing Junction

Fuse

Fusible Link

Ground
Connection

Light

0
ki

es.

Symbols
Resistor

MJItiple
Conductor
Cable

Thermocouple

Transformer

v
(....A_.A..)

Thermal
Overload -----°-(--°--
Bimetal
Switch

Thermistor

Connectors
> >

Switch

Disconnect

Single Pole
SingleThrow

---°-------S ST
Single Pole
Double throw

0
SPDT

Doublet Pole
Double Throw

0 oit.
0 o-- .45 DPDT

Push Button
II

0 0
((Normally Open)

Push Button

Male Female

0 ll in

(Normally Closed)



Pressure

Temperature

Temperature

nmini..., NC

4

Close on Rising

Open on Rising

Symbols
(Continued)

Permanent Split
Capacitor Motor

Three Phase
Compressor Motor

.,.
Single-Phase

Motor
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ACR II -^ 21-D

WIRING DIAGRAMS
UNIT I

ASSIGNMENT SHEET #1--DRAW A BASIC SCHEMATIC WIRING DIAGRAM-

In the space provided below draw a schematic wiring diagram with the following
components: 120 VAC fused power supply, three loads, two SPST switches, and one
control relay with a line voltage coil. Each load is to be a parallel circuit, control two
loads with the relay, one load with a SPST switch, and the relay= coil with a SPST switch.

4°11'.J.)
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. WIRING DIAGRAMS .
UNIT I 0

ACR II .- 23-D
0

ASSIGNMENT SHEET42-DRAW CURRENT RELAY WIRING DIAGRAMS

Follow the procedure listed to complete the pictorial wiring diagram below.

1. Connect thermostat in series with "L" on relay in the hot leg of the power
sIPPly. , .

2. Connect start capacitor in series between "S" on relay and "S" on compresso-
motor.

'3. Connect overload in series between "C" on compressor motor and neutral leg
of the power supply.

4

Bimetal Overload Current-Type
Starting Relay

Starting Capacitor

Compressor Motor

484

I
T

Cold Control
(thermostat)

s

. 4'



t SSIGNMENT SHEET fr?

4. In the space provided below dray. a ladder schematic of the pictorial wiring
diagram.

5. Identify all components.

eti

4 or"
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WIRING DIAGRAMS
UNIT I

ASSIGNMENT SHEET #3DRAW POWNTIAL RELAY WIRING DIAGRAMS
OF A SELF-CONTAINED, UNIT

Follow the procedure listed to complete the, pictorial wiring diagram below.

1. Connect thermostat in series with contactor coil and a fuse.

(NOTE: Contactor coil -is 120 VAC which requires using, ohe leg of thi. -40
VAC (1.2) and neutral.)

(CAUTION: All Twitches are to be in the hot leg.)

2. Connect power L1 and L2 to contactor L1 and L2 with fuses in series.

3. Connect T1 to #3 on overlOad. ry

4. Connect #1 on overload to "C" on compressor motor.

5. Connect relay #5 to "C" on compressor motor.

6. Connect relay #2 to "S" on compressor motor.

7. Connect relay #1 to one side of start capacitor.

8. Connect other side of start capacitor to T2.

9. Connect T2 to "R" on compressor motor.

10. Connect run capacitor identified terminal to "R" on compressor motor.

11. Connect other side of run capacitor -to "S" on compressor motor.

43C
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.
ASSIGNMENT SHEET #3

4.

To POwer Supply
N L2

Fuse

Overload

11111

Disconnect Switch

. L.21

T T-21-

Contactor

Starting Relay
(Potential)

Running Capacitor

Identified
Tcrminal

Glounding Lug

r

120 VAC Coil,

Cold Contrpl
(Thermostat)

Starting Capacitor

Compressor Motor
230 VAC

4S

0
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ACR II 27-D

ASSIGNMENT SHEET #3

12. In the space provided draw a ladder schematic of '.he pictorial wiring diagram.

13. Identify all components.

'

O

9

4

488
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WIRING DIAGRAMS
' UNIT I

ACR II 29-0

ASSIGNMENT SHEET #4--DRAW HOT-WIRE RELAY WIRING DIAGRAMS .

,Follow the proccdore listed to complete the pictorial wiring diagram below.

1. Connect thermostat in series with "L" on relay in the hot leg of the power
supply.

2. Conntict "S" on relay to "S" un compressor motor.

3. Connect "M" on relay to "R" on compressor motor.

A. Connect "C" on compressor motor to neutral.
i

5. Connect one sick- of door light switch to hot leg of power supply.

6. Connect other side of door light switch to one side of door light.
.

7. Connect other side of door light to neutral.

. To Power Supply

P

I
a

Thermostat

6

L

o

Hot Wire
Starting Relay

)

Doorl ight
- Switch

,
e

ik

Compressor Motor

489
0

Door
Light

4

4\4-

IV .
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ASSIGNMENT SHEET #4

'\.,

r,'

8. In the space provided below draw a ladder schematic of the pictorial wiring
diagram.

IN.

9. Identify all components.

r

4

.

1 4>

4

1,

6

43 _1
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WIRING DIAGRAMS
UNIT I

ASSIGNMENT SHEET #5DRAW GAS FURNACE WIRING DIAGRAMS

Follow the procedure listed to complete the pictorial wiring diagram below.

1. Connect one lead of the transformers primary winding to the hot leg of the
power supply.

2. Connect other side of transformer to neutral.
o

3. Connect one side of/fan control to hot leg of power supply.

4. Connect bther side of fan control to one side of fan motor.

5. Connect other side of fan motor to neutral.

6. Connect the limit control, therthostat, pilot safety device, and main gas valve
in a series circuit with the secondary of the transformer.

To Power Supply
H 1"

[1--q
Thermostat

1

I
T

0

Pilot Safety Device

Primary

4
Limit

Secondary

Control

Main Gas Valve, 24V

491

I
T

Fan "Control

115V Indoor Fan Motor
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ASSIGNMENT SHEET #5

7. In the spa.. provided draw a ladder schematic of the pictorial wiring diagram.

8. Identify all components.

4 9

.



(3

WIRING DIAGRAMS
UNIT I

ACR II 33-D

ASSIGNMENT SHEET #6--DRAW OUTDOOR CONDENSING UNIT WIRING DIAGRAMS

Follow the procedure listed to complete the pictorial wiring diagram below.

1. Connect "Y.' and "C" to low voltage supply for coil, using dotted lines.

2. Connect fused L1 to L1 on contactor.

3. Connect fused L2 to L3 on contactor.

4. Connect T1 to comr on on run capacitor.

5. Connect T3 to "C" on fan motor and "C" on compressor motor.

6. connect common on run capacitor to " [I " on fan motor and to "R" on
compressor motor.

7. Connect the "comp," terminal on the run capacitor to "S" on compressor motor.

8. Connect the fan termini: on the run capacitor to "S" on fan motor.

Run
Capacitor

Coil

Compressor

L3 T30 1-0
PN
.......)

1"--0,,jIL Contactor

Fan

493

Compressor

L1

Line Voltage

L2

Fan Motor

Low Voltage Supply

C
i .

i
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ASSIGNMENT SHEET #6

9. In the space provided draw a ladder schematic of the pictorial wiring diagram.

10. Identify all components.

or

494
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WIRING DIAGRAMS
UNIT I

ASSIGNMENT SHEET #7--DRAW GAS FURNACE WIRING DIAGRAMS
WITH TWO LIMIT SW TCHES

Follow the procedure listed to complete the pictorial wiring diagram on the folloWing
page.

1. Connect one lead of tha transformer primary in series with the upper limit control
and the hot leg of the power supply.

2. Connect the otherie2d of the transformer primary to neutral.

3. Connect "R" on transformer secondary to "R" on thermostat.

4. Connect "W" on thermostat to one side of limit control in fan and limit
combination.

5. Connect other side of limit to one side of gas valve.

6. Connect other side of gas valVe to "C" on transformer secondary.

7. Connect "G" on thermostat to #3 .of blowcr relay coil.

8. Connect #5 of relay coil to "C" on transformer secondary.

9. Connect #2 of relay to hot leg of power sapphj.

10. Connect #6 of reliy to fan switch contacts in fan-limit switch.

11. Connect other side of (N.O.) fan switch to "Lo" on blower motor.

12. Connect #4 of relay to "Hi" on blower motor.

13. Connect "C" on blower motor to neutral.

495



ASSIGNMENT SHEET #7

e

Thermostat

R W' G Y

Disconnect Fan & Limit

Transformer
Secondary

R

Blower Relay

41,--Nr-

Gas Valve

4

I 0
r 'HI
"....._____.

Blower Motor

49G
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ASSIGNMENT SHEET #7

ACR II - 37-D

14. In the space provided draw a ladder schematic of the pictorial wiring diagram.

15. Identify all components.

497
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WIRING DIAGRAMS
UNIT I

ASSIGNMENT SHEET #8--DRAW. ELECTRIC FURNACE WIRING DIAGRAMS

Follow the procedure listed to complete the pictorial wiring diagram on the following
page.

1. Connect L1 of circuit 1 to-one side of fuse 1.

2. Connect other side of fuse 1 to #2 of blower relay.

,
3.

4.

Connect #6 of blower relay to one side of the supplementary fan control.

Connect other side of supplementary fan control to "L" on blower motor.

5. Connect #4 of blower relay to "H" of blower motor.

6. Connect "C" of blower motor to fuse 2.
9

7. Connect fuse 2 to L2 of circuit 1.

8. Connect fus6 2 to RH'I of sequencer.

9. Connect RH1 of sequencer to RH1 of heating element.

10. Connect other side of RH1- heating element to fuse 1.

11. Connect fuse 3 to L1 of circuit 2.

12. Connect other side of fuse 3 to RH2 of sequencer.

13. Connect RH2 of sequencer to RH2 heating element.

14. Connect other side of RH2 heating element to fuse 4.
? '

15. Connect fuse 4 to L2 of circuit 2.

16. Connect fuse 4 t1/4. one side of auxilliary contacts of sequencer.

17. Connect other side of auxilliary contacts to one side of RH3 heating element.

18. Connect other side of RH3 heating element to fuse 3.
, 1

N, 19. Connect L1 and L2 of transformer to fuses 1 and 2.

kt: Connect "C" on transformer to "C" on terminal board.

21. Connect "R" on transformer to '.'R" on terminal board.
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ASSIGNMENT SHEET #8

22. Connect all corresponding letters between thermostat and terminal board.

23. Connect W1 on terminal board to one side of Heater 1 of sequencer.

24. Connect other side of Heater 1 to "C" an terminal board.

25. Connect W2 on terminal board to one side of Heater 2 on sequencer.

26. Connect. other side of sequencer Heater 2 to one side of outdoor thermostat.

27. Connect other side of outdoor thermostat to "C" on terminal board.

28. Connect "G" on terminal board to #5 on blower relay.

29. Connect #3 on blower relay to "C" on terminal board.

Outdoor
Thermostat

Aux. Cont.
---1 1---

Heater 2
40-1.....M.....

__,1

1 RH1

w
.1-1.........

Heater 1

M
Sequencer

Thermostat

W1 W2 G

0 0 0

Terminal Board

R Y'
G W2

VV1 C

4).=.
{ 2 4

Fuses

Circuit 1

L1

L2

Ground

110-1 3 01, e______ -L10.4 4 40 i

Blower Relay

Heating Elements

1

elH1 RH2 RH3

Circuit 2

Transformer

Supp Fan
Control

495
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Blower Motor



Outdoor
Thermostat

Aux. Cont.

Heater 2H1111;

HR1411,

Heater 1

Sequencer

Blower Relay

ASSIGNMENT SHEET #8

Thermostat

W1 W2
0 0 0

Terminal Board

R V
G W2

W1 Cal

Cia
Fuses

1 3 1

Heating Elements

RH1 RH2

41 =11.10.

RH3

500

Circuit 1

L1

iv L2

Ground

O- pp. Ll

I. L2

Circuit 2

ACR II - 41-0

Transformer

Supp
Control

Blower Motor
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ASSIGNMENT SHEET #8

30. In the space provided draw a ladder schematic of the pictorial wiring diagram.

tor
31. Identify all components.

1



ACR II 43-D

WIRING DIAGRAMS
UNIT I

ASSIGNMENT SHEET #9--DRAW INDOOR AIR HANDLER_ AND rUTr)OOR
CONDENSING UNIT WIRING DIAGRAM

Follow the procedure listed to complete the pictorial wiring diagraM on the following
Page.

1. Connect L1 and L2 to fuses.
O

2. Route power leads from fuses through the cable entrance opening in outdoor
condensing unit:

3. Connect leads to L1 and L2 of contactor.

4. Connect primary side of transformer to L1 and L2 on contactor.

5. Connect T2 to one side of compressor motor -overload heater.

6. Connect other side of overload heater to Fin on compressor motor.

7. Connect T1 to "C". on compressor motor.

8.- Connect one side of outdoor fan motor to T1.

9. Conriect other side of fan motor to T2.

10. Connect one side of start capacitor to #1 on potential relay.

11. Connect other side of start capacitor T2.

12. Connect #2 of potential relay to_ "S" on compressor motor.

13. Connect identified terminal of .run capacitor to "R" on con-pressor motor.

14. Connect other side of run capacitor to "S" on compressor, motor.

15. Connect #5 of poteVial- relay to "C" on compressor motor.

16. Connect all corresponding letters between thermostat and terminal block.

17. Connect one side of the transformer secondary to "R" on terminal block.

18. Connect other side of the transformer secondary to "C" on terminal block.

19. Connect "Y" on terminal block to contactor coil, and place overload,
high-pressure; low-pressure contacts in series with contactor coil.

20. Connect other side of contactor coil to "C" on terminal.- block./

50?
O
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. ASSIGNMENT SHEET #9

211 Connect "G" on terminal block to one side of fan relay coil.
/
22. Connect ether side of fan relay coil to "Ca' on terminal block.

2;3. ConnectIne side of fan relay contacts to houte9 of poWer supply.

24. Connect other side of fan relay contacts to one side of indoor fan motor.

25. Connect other side of, indoor fan motor to neutral.

pot

503
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to Power Sup*

Disconnect Switch

_L _L
f uses

T T

ASSIGNMENT SHEET #9

Cable Entrance

L19 L2_t_L
T7T T2-7

n

Low-Pressure
Control

Contactor

-,

High . ssure
Control

ACR II 45-6

To Power Supply

Fan Relay
24V ail

1 1 a

Terminal Block

Indoor Air Handler

Starting
Capacitor

230V
Compressor
Moto'

Starting
Relay
(Potential)

+ Compressor
Overload

Y--

Outdoor Condensing Unit

. 504

?30V Outdoor
Fan Motor

s
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ASSIGNMENT SHEET #9

26. In the space provided draw a ladder schematic of the pictorial wiring diagram.

27. Identify all components.

5 0 5
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WIRING DIAGRAMS
UNIT I

ASSIGNMENT SHEET #10- -DRAW A DOMESTIC REFRIGERATOR
WIRING DIAGRAM

Use the pictorial wiring diagram of domestic refrigerator and draw a ladder schematiO
wiring diagram.

Humid
Plate
Heater

Temperature
Control

// Compressor./ Motor

ig;it

Light
Switch

Ortr,_
-er

506

Ground /

Line
Cord



Assignment Sheet #1

Hot

WIRING DIAGRAMS
UNIT I

ANSWERS TO'ASSIGNMENT SHEETS

Ground
t..

ACR II 49-D

Neutral

SPST
Switch

J

Control Relay
Contacts

111101-.
SPST

Switch

5 07

Light Bulb

Control
Relay Coil
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Assignment Sheet #2

Bimetal Overload

H

Thermostat

Current-Type
Starting Relay

Starting Cap,:citor

Compressor Motor

Gr.

Cold Control
(thermostat)

N

Relay

Compressor

Overload



Assignment Sheet #3

Fuse

To Power Supply
N L2

Grounding Lug

Disconnect itch

3- 1

Overload

Running

Identified
Terminal

Cold Control
(Thermostat)

Starting Capacitor

Compressor Motor
-230 VAC

509
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Assignment Sheet #3 (continued)

LI

Disconnect Switch

T1

Neutral L2

I

T2

Contactor
Coil Thermostat

Fuse

I

I

I
5 2

1

1 1

i I

I - J Overload

Potential Relay

i

Run
Capacitor

Start
Capacitor

PSC Compressor
Motor

t.)
r i ..1



Assignment Sheet '#4

Thermostat

T
Doorl ight
Switch

Door
Light

man. .4i
Hot Wire
Starting Relay

Fuse

A

Compressor Motor

Gr. N

Door Light Switch

Hot-Wire
Relay

L0---0NWV--

Thermostat
4+-

0 IV'

Door Light

511

s

Compressor
Motor
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Assignment Sheet #5

To Power Suppiy
H1 N1

0

Primary

SecOndary

iii

Thermostat

Limit Control

Pilot Safety Device

H

Fuse

Main Gas Valve, 24V

G r.

Fan Control

115V Indoor Fan Motor

Fan Control

Limit
Control

Thermostat

Plot Safety Gas

Valve

512



Assignment Sheet #6

Run
Capacitor

Coil

L30-4 1-0c-
I

Ti
0 -0

L1

Compressor

Fan

Contactor

ACR II 55-D

Line Voltage

L2

Fuse

IL3
T3

240 VAC

Fan Motor

'I
C

I

I I

__ J

.../
1

J
Low Voltage Supply

L1

Fan Motor

Y

24 VAC

R

Fuse

L1

A T1

Compressor Motor

Contactor Coil

51:
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Assignment Sheet #7

Upper Limit

Thermostat

RWG Y

Transformer
Secondary

R f

Fuse

c

Primary

Disconnect Fan & Limit '

41Nr----
Gas Valve

Disconnect

r2 -- 4 -1
i

1

1 6

Blower Relay

)
Gr.

0
Far% Limit

Blower Relay

6

Blower Motor

Upper Limit

Pan
Switch

r-1

Primary

Lo cy
Blower Motor

2

N

A

R C

Secondary

, .
I

Thermostat0\ /
--... .../--

/

0
Limit
Switch

G
Gas Valve

3r"°5
Blower. Relay Coil

514



Assigriment Sheet #8

,.5

1

_r;--Outdoor

f Thermostat

Aux. Cont.
l

Heater 2

i, II

RH1
*-

I

Sequencer

Thermostat

W1 W2

0 0

Terminal Board

V.
I /G W24

W1 c

r

I I

1 L

Circuit 1

Fuses

L1

L2

Ground

...Li
L26 2

Blower Relay Circuit

Heating Elements

RH RH RH3

t

515

Transformer

Supp Fan
Control

L

ACFe II - 57-D

. Blower Motor



Assignment Sheet #8 (Continued)

L1' (.
4

L2

Circuit 1

Fuse 1 Fuse 2

2 6 1 S.F.

i 1

i 1

I
I

i 4 1- _ - - -1
Blower Relay

Contacts

- F.M.

Heating, RH1
Element 1

Primary .

Secondary

W/
...- .i'

/ \
i W2 I

1 1

RH1

RH2

i
.,, Blower

Thermostat Relay Coil

A Ll L2

'Circuit12

Fuse 3 Fuse 4

RH2

516

MA,
Heating

Element 2

Heating Auxilary
Element 3 Contacts

Fo

.

/
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Assignment Sheet #9

To Power Supply

1NOV AC

L2C/

Disconnect Switch

Fuses

To Power Supply

12oy AeNc 'N

Cable Enxrance

230V

Primary

NV

Secondary

L1

T1

L2

Cont or

Fan Relay
4V C I

Indoor Air Handler

frt...4),
Starting
Relay
(Potential)

Starting
Capacitor

=01111

Low - Pressure
Control

IIIMr

High-Pressure
Control

Comprenor
Overload

230V
Comprenor
Motor

230V Outdoor
Fan Motor

Outdoor Condensing Unit

517
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Ass'. ignment Sheet #9 (Continued)

Fuse

-1T1 O.F.M.

240 VAC

L2a

Disconnec Srsitch

r2

Compressor
'Motor

Primary

Secondary

Fan Relay Coil

HP Cont&ctor Coil

/ 0 L L.P.

Thermostat

LEGEND

F.R.C.--Fan Relay Contacts
H.P. -High Pressure Switch

Indoor Fan Motor
L a.--Low Pressure Switch
O.F.M.- Outdoor Fan Motor
O.L. Overload
R.C.--Run Capacitor
S.C.--Start C pacitor



Assignment Sheet #10

Gr

Cabinet Warmer Wire

Light SwitCh

Humid Plate Heater

Compressor
Motor

Cabinet Light

Overload Protector

51S
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WIRING -DIAGRAMS
UNIT I

JOB SHEET #1 DRAW A LADDER SCHEMATIC BY LOOKING AT A
DOMES1 IC REFRIGERATOR

I Tools and materials

A Domestic refrigerator

B Standard slot type screwdriver

C Phillips screwdriver

D. 1/4" nut dinar

E Pencil and paper

H Procedure

A Disconnect electrical power refrigerator

(NOTE: Anytim e the electrical power is disconnected from a refrigerator
that has been operating the doors should be left open to prevent the
formation of mildew and offensive odors.)

.13

B. Check b, of refrigerator for a pictorial wiring diagram

C Remove any panels or grilles necessary to locate electrical components

D Record make and model number

E. Locate the load of each parallel circuit

F Locate the controls which are in series with each load

G Locate mullion and perimeter heater circuits

(NOTE These heaters are on anytime tnere is electrical power to the
refrigerator, so there will not be a control in series with these loads.)

H Start a ladder schematic

I Draw each individual circuit

J Label all components

K Have instructor check

L Replan any puriels or grilles that wt r, removed

M Clean up dm] put away tools
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WIRING DIAGRAMS
UNIT I

JOB SHEET #2 DRAW A LADDER SCHEMATIC BY LOOKING
AT A WINDOW AIR CONDITIONER

I Tools and materials

A Window air conditioner

B Standard slot type screwdriver

C Phillips screwdriver

D 1/4" nut driver

E 5116" nut driver

F. Pencil and paper

I I. Procedure

A. Disconnect electric al power to the an conditioner

B. Remove air conditioner from cabinet

C. Remove any panels necessary to locate electrical components

D Record mare and model nu:-.iiier

E Start a ladder schematic

F. Trace the wiring to the fan motor

G ''raw the fan motor circuit

H. Trace the wiring to the compressor

I Draw the compressor circuit

J. Check for any other load circuits

K. Labe' components

L. Have .nstru :t.)r check

M. Replace any panels that we-e ren Jed

N Replace air conditioner in 1.,, cabinet

0. Clean up and put away tools
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WIRING DIAGRAMS
UNIT I

JOB SHEET #3--DRAW A LADDER SCHEMATIC BY LOOKING
AT A SYSTEM WITH LOW VOLTAGE CONTROL

I Tools and materials

A. Heating or cooling system with 24 VAC control

B. standard slot type screwdriver

C. Phillips screwdriver

D 1/4" nut driver

E. 5/16" nut driver

F. Pencil and paper

li ProcFriu re

A Disconnect electrical power to system

B Remove any panels necessary to locate electrical components

C. Record make and model number

D Locate line voltage loads

E Locate low voltage loads

F. Start a ladder circuit

G Show proper fusing

H Indicate disconnect if used

i Draw line voltage circuits

J Draw low voltage circuits

K Have instructor check

L Replace any pane's that were removed

M. Clean up and put away tools

5°"...,,



WIRING DIAGRAMS
UNIT I

NAME

TEST

ACR I I 69-D

1. Match the terms on the right to the correct definitions.

a. Line drawing which uses symbols for 1. Symbol
circuit components

2. Pictorial
b. Descriptive list of the components in a

wiring diagram 3. Wiring
diagram

c. Wiring diagram which shows either
pictures or representative drawings of 4. Ladder
each component; components are schematic
positioned as they would appear in the
equipment 5. Legend

d. Drawing of electrical circuits

e. Drawing which represents a particular
component in a wiring diagram

2 Identify the wiring diagrams below.

1=1

3

N

L

Neutral

220 VAC ±

Mad

Lo

Hi

Fan Motor

_ Switch
Fan Capacitor

PSC Compressoi

523



b.

3. List seven characteristics of a pictorial wiring diagram.

a.

1)

2)

b.

c.

d.

e.

4. List five characteristics of a ladder schematic wiring diagram.

a.

b.

c.

d.

e.

5 2 /.1



5. List the four major steps in building a ladder schematic.
.

a.

b.

c.

d.

6. Discuss the schematic legend.

7. Match terms to the correct basic electrical symbols.

a. Single pole single throw (SPST) 1.

b. Ground connection

c. Capacitor

d. Push button (normally open)

e. Switches disconnect

f. Permanent split capacitor motor

g. Light

h. Contacts

i. Coils

j. Bimetal switch

k. Temperature switch

I. Double pole double throw (DPDT)

m. Push button (normally closed)

n. Thermal overload

o. Fusible link

525
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10.

11.



p. Resistor or resistance heater

q. Single-phase motor

r. Single pole double throw (SPDT)

s. Thermocouple

t. Thermistor

u. Three-phase motor

v. Connectors

w. Pressure switches

x. Transformer

y. Multiple conductor cable

z. Conductors

aa. Fuse

12.

13

14.

15. rs
Close On Open On
Fine Fide

16.

17

18.

19

20.

21. (VW)

22.

23

24.

25. I I 4+
26. e I .

5 2 C 41
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8. Demonstrate the ability to:

a. Draw a basic schematic wiring diagram.

b. Draw current relay wiring diagrams.

c. Draw potential relay wiring diagrams of a self-contained unit.

d. Draw hot-wire relay wiring diagrams.

e. Draw gas furnace wiring diagrams.

f. Draw outdoor condensing unit wiring diagrams.

g. Draw gas furnace wiriog diagrams with two limit switches.

h. Draw electric furnace wiring diagrams.

i. Draw indoor air handler and outdoor condensing unit wiring diagram.

j. Dr v a domestic refrigerator wiring diagram.

k. Draw a ladder schematic by looking at a domestic refrigerator.

I. Draw a ladder schematic by looking at a window air conditioner.

m. Draw a ladder schematic by looking at a system with low voltage control
circuit.

(NOTE: If these activities have not been accomplished prior to the test, ask
your instructor when they should be completed.)

5
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WI RING DIAGRAMS
UNIT I

ANSWERS TO TEST
%

1. a.4 d. 3

b. 5 e. 1

c. 2

2. a. Ladder schematic

b. Pictorial

3. a. - System components

1) Representative drawings

2) Detailed reproductions

b. Shows components in their approximate location

c. Provides a good guide for field wiring

d. Circuits are difficult to trace

...

e. Line voltage and low voltage circuits are shown together

4. a. System components are shown by symbols

b. Schematic wiring diagrams build a ladder

c. Ladder rungs are individual circuits

d. Line voltage and low voltage are separated

e. Circuit troubleshooting is easy

5. a. Establish power source

b. Identify loads

c. Identify control switches for each circuit

d. Connect all circuits across the line

52b

ACR II - 75 -D



96-D

6. Discussion should include:

a. Identifies schematic components

b. Distinguishes differences in manufacturer's symbols

c. Aids in locating components

. 7. a. 16

b. 18

C. 12

d. 13

e. 3
I I,

f. 27

g. 17

h. 25

i. 7

j. 10

k: 15

I. 20

m. 26

n. 19

.410.4

V. 23,

: w. 9

x. ' 21

y. 22

z. 6

aa. 14
,..

8. Performance skills -evaluated to the satisfaction,of the instructor

*i.

st
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DOMESTIC REFRIGERATION FUNDAMENTALS
' UNIT I

UNIT OBJECTIVE

-

ACR II

c
After completion of this unit, the student should be able to match terms associated with
domestic refrigeration and identify types of domestic refrigeration, refrigerator cabinet
hardware, and trim' The student should also be able to list data plate information locations
of data plates, reasons for transporting the refrigerator upright, and the six most common
refrigerator problems.-,This knowledge will be evidenced through demonstration and by
scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. 'Match term associated with domestic .refrigeration to the correct
definitions.

2. Identity types of domestic refrigeration.

3. Identify refrigerator cabinet hardware and trim.

4.- List eight items of information given on a refrigerator:. data plate.

5 List tlirescommOn locatiohs of refrigerator data plates
.11

6, List two major reasons 'why a refrigerator should be transported upright.

7. List the six most common domestic refrigeiator- pfoblems.

8. Demonstrate the abilit /to:

a. InstaK a refrigerator. .

b. Remove and replace breaker trim.

c. Adjust a door.

JuA1
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*

DOMESTIC REFRIGERATION FUNDAMENTALS

I Instructor.

UNIT

GESTED ACTIVITIES

Provide student wi ot.,;c,tive sheet.

Provide student v,ith information and job sheets.

C. Make transparencies.

D. Discuss unit and specific' objectives.

Discuss informatiOn sheet.

Demonstrate and discuss the procedures outlined in the jeb sheets.
a

G. Have students disassemble and reassemble av refrigerator.

II Student

A. Read objective sheet.

B. Study information sheet.

C Complete job sheets.

D. Practice removing and replacing breaker trim.

E. Take test.

INSTRUCTIONAL MATERIALS

I Included in this unit/

A. Objective sheet

b Information sheet

Transparency masters

1. TM 1- Domestic Refrigeration

2. TM 2 -Cabinet Hardware and Trim

Jet" t

It



D. Job sheets

1 Job Sheet t-'1 Instill a Refrigerator

2. Job Sheet :1-2 Remove and Replace Break:, Trim

3. Job Sheet ;`-`3--Adju7t a Door

E. Test

F. At to test

I I References

A Althouse, Andrew D , Turnquist, Carl H., amf Bracciano, Alfred F. Modorn
Rettigordttorl arid Air Colultttotww Homewood, Illinois' Goodheart Willcox
Company, Inc., 19?5.

B Pat. 11 Benton Harbor, Michigan Whirlpool Corp., 1974.



DO(V1ESTIC REFRIGERATION FUNDAMENTALS
UNIT I

INFORMATION SHEET

I. Terms and definitions

A Domestic refrigeration -Refrigerated appliance whirl! is used within the

home

B. Breaker strip Plastic trim That covers the space between The cabinet and

the liner of the refrigerator

C Mullion Divider between two refrigerated sec.ions

D. 0Tfle- Plate or vane to control or direct the air within a confined area

E Damper Valve for controlling air flow

F. Gasket Resilient or flexible material used around refrigerator doers to
provide a leak-proof seal

G Urethane foam -Insulation which is foamed in between the inner and outer

walls of the refrigerator

;NOTE Other types of insu la rio-i are also used in refrigerators.)

I-1 Data plate--Tag on the refrigerator which .ves the vital electrical and
refrigerant charge information

I. Crisper- -Compa _ment in a refrigerator which provides high humidity and
cool temperature for keeping fresh leafy vegetables cool and crisp

Domestic refrigeration (Transparency 1)

A. Reiri9erator:

B. Side-by-side refrigerator-freezers

C. Chest freezers

D Upright freezers

Ill Cabinet hardware ond trim (Transparency 2)

A. Door handle

B Dn )r gasket

C Do,,t liner

5 3 el,
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INFORMATION SHEET

D. Butter keeper

E. Breaker strip

F. Mullion strip

G. Inner liner

H Toe plate

I. Outer liner

J. Crisper

IV. Data plate information

A. Brand name

B. Model number

C. Serial nun ,ber

D. Voltage

E. Ful: looci aniperac,-

(NOTE Sorne models of refrigerators do not give the running amperage.)

F Locked rotor amperage

G Type of refrigerant

H. ,nrnoi,int c f iefrigerant

V. Common locations of data plates

A. Brick of cabinet

B Loher front of cabinet

(NOTE The toe plate will need to be removed on some models to see
the data plat)

C Lower left inside of cabinet liner

(NOTE This would he from -tanding in front of the refrigerator looking
into it cirri the left hand crisper may have to be removed in c_mier to
the (idt,: plate )
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INFORMATION SHEET

VI. Reasons for transporting a refrigerator upright

A. To keep oil in compressor

(NOTE: If the refrigerator is laid down the oil may leave the compressor
and go into the refrigerant lines or compression cylinders which may cause
oil restrictions or cornr,ressor seizure.)

B. To prevent damagt. to motor windings

(NOTE: The compressor is spring mounted inside the dome and laying the
refrigerator on its side may cause the compressor windings to hit the side
of the dome which could cause a damaged winding.)

VII. Common refrigerator problems

A. I moroper installation

B. Doors out of adjustment or poor cabinet seal

C. Improper or no air circulation

D. Improper defrosting

E. Deirest water disposal problems

F. Malfunctioning electrical components



Domestic Refrigeration

Refrigerator

Chest Freezer

ACR II 9-E

r, u

Side-By-Side

Refrigerator-Freezer

Upright Freezer
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DOMESTIC REFRIGERATION FUNDAMENTALS
UNIT I

JOB SHEET #1 INSTALL A REFRIGERATOR

I. Tools and materials

ACR II 13-E

A. Refrig rotor

B. Adjustable open end wrench

II. Procedure

A. Locate the refrigerator in the proper place

(NOTE: The refrigerator should not be located in the direct sunlight or
, close to a heat source.)

B. Allow a half inch clearance on each side of the refrigerator

C. Allow one inch clearance behind for models with a static condenser

D. Alloy/ three inch clearance above for proper air circulation.

E. Remove toe plate

F. Adjust leveling legs and check (Figure 1)

(NOTE On most models the leve:ng legs are located on the front only,
but may be installed on the rear if necessary.)

FIGURE 1

1

G Remove inside parking material

H. Clean outside and inside of refrigerator

......-/

(NOTE The cleaning solvent being used should le 'designed for this purpose
rind not damage the finish or leave odors inside the refrigerator.)

I Check doors for proper closing

J Have instructor check

K Clean up and put away tools and materials

53j
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1

DOMESTIC REFRIGERATION FUNDAMENTALS
UNIT I

JOB SHEET ;',-'2 REMOVE AND REPLACE BREAKER TRIM

I. Tools and materials

A Wood block, 6" x 4" x 1"

B. Standard slot type screwdriver

C. Phillips screwdriver

D. Refrigerator

I I Procedure

A. Disconnect refrigerator from electrical power

B Open refrigerator doors
c?,

C. Allow inside of refrigerator to warm to room temperature

(NOTE If in a hurry soak a towel in hot water, ring it out, and place

it on t!,e breaker to warm the breaker trim.)

D. Remove side breakers first

E. Start at bottom front edge of side breaker (Figure 1)

FIGURE 1 I

ii- - ...-:-.7"-^-

,e.
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JOB SHEET

F. Do not use screwdriver to pry the trim

(NOTE Using a screwdriver may damage the finish on the refrigerator and

break the trim I

G. Use the wood block to get the trim loose if it is stuck (Figure 2)

FIG JRE 2

H Pull trim forward to dise)igage it from the liner

(NOTE Do not damage light switch or wires when removing side trim.)

I Pull down aio forwarr, on one end of top trim (Figure 3(

FIGURE 3

J. Complete removal of too trim

K Pull up and forward on one end of bottom trim

5
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JOB SHEET #2

L. Complete removal of bottom trim

M. Check Insulation for wetness

(NOTE: If the insulation is wet remove it and dry it or replace it.)

N. Have instructor check

0. Replace bottom trim by inserting one end first

P. Push down and back on trim

(NOTE. Trim may have to be twisted slightly to get the back to slip under
the liner.)

Q. Replace top trim by inserting one end first

R. Push up and back on trim

S. Replace side trims

T. Insert top and back of trim first
I

U. Push back on trim and insert front of trim behind cabinet flange clips

V. Clean finger prints from trim and cabinet

W. Have instructor check

X. Clean up and put away tools and materials

b 12

t
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DOMESTIC REFRIGERATION FUNDAMENTALS
UNIT .1

JOB SHEET :.'-'3--ADJUST A DOOR

I. Tools and materials

A Refrigerator

B. Phillips sc-ewdriver

C Nutdriver

I I Procedure

A Check for gap between door gaskets and cabinet front (Figure 1)

Ki

FIGURE 1

B. Loosen gasket retainer screws (Figure 2)

F!CURE 2
7d

f''''
is

i

.-q-
'-'' ..f /

ki

1

r. ,.....-..... 1
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JOB SHEET r..3

C. Twist door in opposite direction (Figure
1- 4

.FIGURE 3

D Close door and check gap

E Retighten sc4Aus_ until snug

(NOTE Do not overtighten the screws because th;s may cause the door
to twist out of alignment !

F Have instructor cl ck

G Clean up and put away tools and materials

r

r 4 ,
.4 1



DOMESTIC REFRIGLRAT1ON FUNDAMENTALS
UNIT I

NAME
TEST

ACR II 21-E

4

1. Match the terms on the right to the correct definitions,

a. Valve for controlling air flow

b. Resilient or flexible material used
around -refrigerator doors. to provide a
leak-proof seal .

c. Divider between two refrigerated
5.-ections

d. Tag on the refrigerator which gives the
vital electrical and refrigerant charge
information

e. Plastic trim that covers the space
between the cabinet and the liner of the
refrigerator

f, Insulation which is foamed in between
the inner and outer walls of the
refrigerator

1. Compartment to a refrigerate: which
provides high humidity , and cool
temperature- for keeping fresh ieafy
vegetables cool and crisp

h. Plate or vane to control or direct the air
within ,a confined area

i. Refrigerated 'appliance which is used

within the home

515

1.

2.

3.

4.

5.

6.

7.

8.

9.

Data plate

Damper,

Urethane foam

Breaker strip

Domestic
refrigeration

Crisper

Gasket

Baffle
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3 I cleritif \ refr HP, ,it( it i Jinni,: h,lt,i^ ,Ifl' d'ld It i'll

1

4 List eight items of iii foi i,-,,iri oil .,:vt,i, 'iii ,1 rpfrigen:itor data i e

a

1)

C.

d

e

f

q

il

5 1 ,..
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5. List three common locations of refrigerator (rata ;,lat-3s

b.

c

6. List two major reasons why a refrigerator should be transported upright

a

b.

7. List the six most common domestic refrigerator problems.

a

h

c

ci

e.

f

8. Demonstrate the ability to

a Install a refrigerator

h Remove and replace breaker trim

1_, Adjust a door

(NOTE If these activities have not beer accomplished prior to the test, ask

our instructor Mien they should be completed.)
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DOMESTIC REFRIGERATION FUNDAMENTALS
UNIT I

ANSWERS TO TEST

1. a. 2 f 3

5. b g. 7

c 4 h. 9

d. 1 6

e 5

2. a Chest freezer

b Refrigerator

c Upright freezer

rl Side-by-side refrigerator-freezer

3 a Door gasket

b. Butter keeper

c. Door handles

d. Door liner

Toe plate

f Inner liner

g Breaker strip

Ii Mullion strip

I Crisper

I Outer liner

4 a Br,ind name

h 1Oodel number

c Serial number

d Vultd(r

e F till IOciti dl ii Ptd(IC,



f. Locked rotor amperage

g. Type of refrigerant

h. Amount of refrigerant

5 a. Back of cabinet

b. Lower front of cabinet

c. Lower left inside of cabinet liner

6. a. To keep oil in compressor

b To prevent damage to motor windings

7 a Improper installation

b Doors out of adjustment or poor cabinet seal

c. Improper or no air circulation

d. Improper defrosting

e. Defrost water disposal problems

f. Malfunctioning electrical components

8 Performance skills e.,aivated to the satisfaction of the instructor



ACR I I 27-E

SEALED SYSTEM COMPONENTS
UNIT II

UNIT OBJECTIVE

After completion of this unit, the student should be able to define terms associated with
sealed system components, list and discuss various components, and identify the types
of components. The student should also be able to replace or install components. This
knowledge will be evid-need through demonstration -and by scoring eighty five percent
on the unit test

SPECIFIC OBJECTIVES

After completion of this unit, the student should he able to.

1 Define terms associated with sealed system components

2 List the eleven sealed .;ystEm compone of a domestic refrigerator

3 Discuss the functions of the sealed system components in a domestic
refrigerator

4 Identify types of evaporators

5 List the five locations of evaporators

6 Identify types of compressors

7 Identify types of condensers

8 List the three locations of condensers

9 List the six items of information needed Vifien replacing a capillary tube

10 Dernonstrat' the ability to

Replace a compressor

h Irstc7,1' a art:! sr(;, ,PrVICe stub on d re.ciprocal compressor

st,11, ,,prytce ubs in H cigerant lines

rj Replace d capillary tube

(3 IT:,(.11 flite'r drier



ACR H 29-E

SEA LED SYSTEM COMPONENTS
UN I T I I

SUGGESTED ACTIVITIES

I Instructor

A Provide student with objective sheet

B Provide student with information a, job sheets

C Make transparencies

D Discuss unit and specific objectives

E Discuss information sheet

F Demonstrate and discuss the procedures outlined in the job sheets

G Review silv, bi azina Procedures

H Give test

II Saident

A Read objective sheet

B Study information sheet

C Complete job sheets

D Replace various types of c.-IP -gestic compressors

E Like test

INSTPUCTIONAL MATERIALS

I Inc ititif.ci in this unit

A Obj,', 'lye sheet

B In ,)rinah( n sheet

C Ttarisptiro,Thy rndstPrs

f M 1 Evdpordt ors

2 F vdpordtur Loc,Tholl



3 -1M 3 Con -ssors

4 TM '1 Condirriers

5 TM 5 Condenser S IContinuedl

D Job shorts

1 Job Shoet =1 Replace a Compressor

2 Job Sh, rrt =2 Install a Low Side Service Stub on a Reciprocal
Compressor

3 Job Sheet »3 Install Service Stubs in Refrigerant Lines

4 Job Sheet =4 Replace a Capillary Tube

5 Job Sheet =5 Install a Liquid Line Filter Drier

irst

Arrs verr, to test

Xtholise, Andrew D , Turnquist, Carl H , and Bracciano, Alfred F Modr,t
Rol! iget,Itt,)0 awl Air CHtichtlowny Homewood, Illinois Goodheart Willcox
Company, Inc 1975

Ktf,Ip, ,illon Stet rr e' I Benton Harbor, Michigan Whirlpool Corp ,
197,1

55 4 1,
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.EOR'IATIOi'l SHEET
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ACR H 31 E

1-P1, 1'1 C]!' (.(1'1(ien,),J, Cof,densu tubing is attached to the ,nsldr, dlis 'if rile
oht, r 04 th, rt,'T goratoi or heeler cabinet

B Plato Londense; Curid,,n.,er tubing is attached to a sher t mota; plate and
cdn ho Nlttlr r tOrCed air Static.

C it _al' ,vaporator E,.aporator tubing is attached to t1'° outside <1; S of
t",' 'riner lin0r and is used primarily on freezers

D Co;d piate Evaporator tubing is attached to a plate

NOTE Tess type of evaporator is often -.d in refrigerators that do not
na,:e forced air evapo'ators

I i Sea'ea system components of a domt.,,,c refnaerator

A Com pre-sOr

B E.aporator

C Condenser

D tube

E DischcirriP line

F- ! h

1 L'rauld ,Inn filer

Accumulator

J 0,! COOICr

Precon

Funct,nrs 04 ny'rpOrlentS of a domestic refL'aerat,,,

Cr, .",,or,,,Sc,Ot

1 Lowers presswe evaporator

td.'" te'rir;dr t 1,
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INFORMATION SHEET

'V I Types of compressors (Transparency 3)

A Reciprocal

B. Rotary

VII Types of condensers (Transparencies 4 and 5)

A. Static

1 Fin

2 Plate

3. Tube (in-wall)

B. Forced air

1 Fin

2. Plate

3. Tube

VIII. Locations of condensers

A. In-wall

B Back of refrigerator

C Underneath refrigerator

I X Information needed when replacing a capillary tube

A Inside diameter of original capillary tube

B Length of original capillary tube

C Horsepower of compressor motor

D Temperature range of system

E Type of refrigeram

F Type of condenser

r r i.3 3 ,



Evaporators

Static

Cold Plate

ACR II
35-E

Shelf

Shell

Forced Air

1 ,

1 ,u u,

ri
_... _---,---_-,-

,L................_:;_...".f:.1_,J--_,
--;

,1H ,,,,,
,,,,,),..ni-

Fin

55'.

z.

TM 1



Evaporator Location
Evaporator.

Freezer

Compartment'77
Bottom

of Freezer'
`Cold Plate.

Freezer Shelves

Back Wall
of Freezer

Evaporator

tab



Suction Line-

Compressors

Reciprocal
Low Side

'4-Charging Stub

(Note: Dome is

low pressure)

Rotary

ACR H 39E

Discharge Line

High Side

Charging Valve

r Oil Cooler

J i)LY
T M 3



Condensers
Static

Fin

41.

ACP II 41-E

Plate

r0 0 ;

Tube

(In-Wall)

TM 4

(I'



Plate

Condensers
(Continued)

Forced Air

hid

/ )
,,/

'/

ACR II 43E

;I-
- 4

0,-JV

Tube

)'j

Compressor

Condenser
Fan Motor

Condenser

TM 5



SEALED SYSTEM COMPoNENTS
UNIT II

JOB SHEET =1 REPLACE A COMPRESSOR

-1,)01s and lid ttJtI;115

A Tube i cutter

B CreThination open end ix end

C Side cutters

D Domestic refrigeration system

shop towels

F Safet

Sand cloth

H Torch

St.ker

J Silver brazing alloy

K Silver solder flux

I I Proced

,rench

ACR I I 45-E

A Cher_i r see that toe refrigt rator is disconnected from electrical pov'er

B Put on safety glasses

C Discharge refrigerant siowly

;CAUTION Be sure and have propei ventilation when discharging

r, frigF.2rant

!NOTE If system does not have a service valve, cut the end of a service
sob with the side cutters )

D P;,1(;(' shop towel around valve to catch oil

E entire refrigerant charge to escape before pr cceeding

Remov- o'noor a! components from compress3r

ran ,;11 %Mei tho spot it is to be Cut

H C U ohin,1 Iron- con -pessot win) tubing (,,ibPr

,)n donin
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JOB SHE ET =I

J h compressor out

K cu t ends of tubing

Set new compressor in place

Pd Replace hold down; bolts and tighten

N Remove plugs from compressor lines

( CAUTION There will be pressure on the compressor )

O Coat polished ends of tubing with a small amount of flux

P Insert tubing In tr' compressor

1_ ight and adjust torch

Sliver braze lines into compressor

S an brazed joints Nitn a milt towel

-(24, el off an v remaining flu'

trcct'r' eb,

C, i Ind pill a,,,va, fools and materials

rr.r

0 3



SEALED SYSTEM COMPONENTS
UNIT iI

JOB SHEET -=2 INSTALL A LOW SIDE SERVICE STUB
ON A RECIPROCAL COMPRESSOR

I Tools ,and

A Domestic refrigeration system

B Porch

C Said cloth

D Silver brazing alloy

E Silver solder flux

F Two clean shop towels

G z2ide cutters

H. Tubirig cutter

Bail peen hammer

J Sviiage punt'

K Copper tubing

L Raring LI,ock

M Striker

Pinch off tool A

Vd4

P r()C2(1 t I rf,

A b",connect rt,trivrator roni electrical pniwel

B PI t on 58 gi,is;es
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, rd , t , F-_r

(\li I 1 il.(11, itc ,! It'

\\

Cirlpr

tH, rt r)ff

, t( nnr, m1,, ,,-t , r r1

;) c) (1 it

, ; 'r d; :Th 1, r
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JOB SHEET 72-,2

K Put d thin coating of flux on the tubing

L Fit tl e niece of tubing onto or into the compressor stub

M Turn the tubing in orde, to coat the compressor stub with flux

N Light arid adjust torch

O Silv, braze extended piece of tubing to compressor stub

P Clean silver braze joini with a damp shop towel

(CAUTION Do not got the damp shop towel over the open end of the
tubing because some mo.sture may enter Me compressor )

O Check ,yttli insii-uctor as to the type of valve that will be used

R Have instructor check

S Seal end of service stub with a valve or by crimping and brazing

T Clean up and put away tools and materials
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SEALED SYSTE1`.1 CW1PONENTS
UNIT H

JOB SHEFT =3 INSTALL SERv'ICE STUBS IN REFRIGERANT LINES

Tools and materials

A Tubing cutter

B Sand c!cth

C Silver brazing alloy

D Silver solder flux

E Torch

F Striker

G Clean shop tov,els

H Sweat tae

Copper tubing

J Safet, glasses

K Sloe clittPrs

L Pinch of too!

Prof

A C-,,,onnecr :r,frigerator from electrical povIhr

B Put on ';afr,t,/ glasses

C Di',Gbdore refrigerant slortqly

a

,CAUTION Be cure and have proper ventilation eihen dic,rharging

iefrigi rant 1
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JOB SHEET =3

D So, hot! may be Cut for discharging (Figure 1)

Suction Line

F. ,URE

'
I

\I Condenser

11

LX
N I

Compressor

E Place a shop towel under the discharging refrigerant

iCAU iO.v uo not allow the refrigerant to come into contact with the
eyes or skin

F Allow refrigerant to completely discharge before proceeding

G Cut suction line with tubing cutter

H Cot o tf a short piece of clean tubing

Polish the ends of the three pieces of tubing

. Coat the tublog ends with flux

K insert tubing into sweat tee

Light and adjust torch

M Silver bran: the three joints

N Torn off torch

O Clean the braied Joints with a damp O'op towel

(CAUTION Do not get ;he damp shop towel over the open end of the
short f. of t 11)1114 in the tee because some moisture may enter the
systern

r-
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JOB SHEET #3

P Check with instructor as to the type of valves that will be used

0 Do steps "G" through "0" to the discharge line

H Have instructor check

S Sea! end of service stub with a valve or by crimping and brazing

T Clean up ani put away tools and materials
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SEALED SYSTEM COMPONENTS
UNIT II

JOEI SHEET w4 REPLACE CAPILLARY TUBE

Tools ,rnri

A Domestic refrigeration system

B Stanci,rril .Tht type screwdriver

C Pfuliips screwdriver

D Tubing cutter

E Torch

F Capillary tube

G Striker

H Refrigeration gauge set

I Dry nitrogen cylinder with regulator

J Silver brazing alloy

K Sifter solder flux

L Two shop towels

Soai, solution

N Brush

if Procedure

A Disconnect refugerator from electrical power

B Put on safety qlsses

C Discharge refrigerant

D cite capill;..ry tete route -

RN-1(hp, any tom necessary in order tc obtain access to the capillary tube

tr,i0 I E Be sure all plast c trim is at room temperature before attempting
to remove it, to prevent breaking )

a
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JOB HE E 1 .:1

F Cr r th, tHat t ft "itf' UU tlr (.t the fHter dl le!

!,( ,1:11! 111E), f!()", t of the t-vdporator

fh Light wit tot( b

!!!!!'

(NOTE If the c.ipiiiary tube is ,.ot soldered to the suction line for a hr -ar
hvo r(n-.ious Yobs may be eliminated 1

J Do not the too it fl ,e'e c!ost' to any plastic trim

f\ Ltl.11rlft0 II not t11,, removed C !Ube

th,, d(ooter of the Capillary tube

-("i(ITE Ui "Oh a cdoilldt y tube gauge or an orifice drill
Ht

n(),, ,)1 r icy bt:

apillary tubing and cut

c1,0 Rhh:, 'ri. ,'i-triod for Cls fig (- oflrt!ary tubmq is to s1t,otC

it if (0 rh it 1)! WY!!! diximter of the tubing Arill not be n (lured

,11'111 it y Iii to to, arie of the suction hne with 50 5P ,,older

:/ end o1 o y Itihe into (Opt of evaporator

) I I '1,,)! i'l" Lit',/ t1(11(' 1;!1!)!A(lh pri'veRt the (icincle-r of it
, so1,1et Flgon, 1

a a *Lk 1! I '-!!!'l

iu t I ilt /IC t t,i Ii, t..,,1111.11 .111)1

Capulai y Tube

FIGURE 1

oh" riu ,11(1!,I'll,111 (*Venn)! 11()( i (11titt(,rit type of
Aifh ''Jr e 1, hr,

t. '
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JOB SHEET #4

S. Silver braze capillary tube' to filter drier

ACR II 57-E

I

.,..

(NOTE The filter drier is always the last component to be installed in
a sealed system rvpair See Figure 2)

FIGURE 2

Capillary Tube

4--%--

...L----
Fil±er Drier

T Clean flux from filter drier silver brazed Joints

U Pressurize system

Leak check

W Have instructor check

X Clear) up and put away took and materials

rs t.) . )If .4

,

Liquid Line



SEALED SYSTEM COMPONENTS
UNIT II

JOB 3f-i-EET ,t,t5 INSTALL A LIQUID LINE FILTER DRIER

look and materials

A Tubing itter

B Torch

C Striker

D Colored safety glasses

E Safety glasses

F, Refrigeration' ratchet wrench

C Refrigeration gatege set

H Refrigeration system

I Filter drier with sweat fittings

J Silver all y brazen I rod

K Sand cloth

L Silt brazing flux

'M Damp shop towel

Nitrogen cylinder

I1 Procerf ire

A P it on safety glasses

F Inst,ril retrigeration gauge set

C If refrigeration system is under pressure, slowly release pressure

D. Use the sand cloth and polish the liquid line prior to curt' g

E Cut liquid line close to the inlet of the metering device

F Remove a section of liquid line the length of the filter-drier

G Repolish ends after cutting

H to the polished ends

5

ACR II 59E



JOB SHEET #5

I Remove the protective cap from oru end of the filter-drier

(NOTE On sonic small filter driers used for domestic refrigeration, the ends
must he cut off with a tubing cutter.)

J Check for proper, direction of refrigerant flow on filter-drier

K Insert liquid line into one end of filter-drier

L Twist the filter drier while inserting the line to insure sufficient coating
of flux

M Remove protective cap from the other end-of t' filter-drier

N Insert the other end of the liquid line

O Twist the filter drier while inserting the line

(NOTE Special precautions are necessary when installing a capilliry tube
directly into a filter-drier. This procedure is covered in detail on a separate
lob sheet )

P If using a line-drier with an access core type valve, remove the core to
prevent the heat from damaging it

C.! Attach nitrogen cylinder to refrigeration gauge set

R Set nitrogen regulator for 2 p s.i.g.

S. Allow nitrogen to circulate through the system

T Put on colored safety glasses

U Light and adjust torch

Apply heat to joint, direct heat away from joint

W Apply silver brazing alloy

(CAUTION Cadmium free silver brazing alloy is the recommended alloy
to use.)

X Silver braze the other end

Y Turn off the torch

Z. Clean the flux from both joints with a damp cloth before the joint cools

AA. Check both joints to be sure all of the "lux is removed

BB. Ho\ e instructor inspect

CC Clean up and put tools away

r-
'



SEALED SYSTEM COMPONLNTS
UNIT II

TEST

Iro

NAME

ACA II 61-E

1 Define terms associated with sealed system components.

a. I n-wall condenser--
( :

b. Plate condenser--

c. In -wall evaporator--
I

d. Cold plate-
,

2. List the eleven sealed system components of a domestic refrigerator.

a.

b

c.

d

e

f.

9-

h.

l
k...

575

t

,
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4

3. Discuss the functions of the seald system components in a domestic refrigerator.

a

b.

d.

e.

9.

4. Identify the types of evaporators.

a. b.

r

5"/U



List the five locations of evaporators.
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6.

7 Identify the types of condensers

a

b.

o

41

(I.

00100

r".........i..".4**40-.00,10000100061

110000000 0000 0010- 0000000

01000000 am* 00010004

0 00000. 10040000
010000 0000. 0.00-00000-

=010440 000010 0000k 0000

0000 800 000
0010000001 00604 000. 001

00000 0000 No
0000.006 0000 000
0100000 000 01. 000100i ty.

1.6060. 010 0..011 aw00004
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a

ift

e ,

.

f

8. List th.e three locations of condensers

a

b

c.

9 List the six items of information needed when replacing a capillary tube

a

b

c

r

e

f

579

4
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10, Dernom,tr ate Olt, dInhty to

d 131-,)1.acf, a carin1)re,-,star

`,1(If4 1,7i V IL,' un ornpkx-,or

son.ccr, Stubs U) rqww ant ilnas

R bloc, Lapi'lary

Huai imp finft drier

i".;OTE If these nav( not been accomplished Imor t.) foe t st

!fIstir for when they sho,licI he comnIetecl

0
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SEALED SYSTEM COMPONENTS
UNIT II

ANS6JE RS. TO TEST

ACR H 67-E,

d Condenser tubing is attached to the inside walls of the outer liner of the
refrigerator or freezer cabinet

b Condenser tubing is attached to a sheet metal plate and can be either forced
air or static

c Evaporator tubing is attached to the outside walls of the inner liner and
is used primarily on freezers

d Evaporator tubing is attached to a plate

2 a Compressor

b Ev.aporator

I c. Condenser

d Capillary tube

e Discharge line

Liquid line

Suction line

h Liquid line filter drier

Accumulator

Oil cooler

k, Precooler

3 Discussion should include

Compressor

1) Lowers pressure in evaporator

2) Compresses heat laden refrigerant vapor

Evaporator Transfers heat

c Condenser Dissipates the heat from the refrigerant

d Capillary tube

11 Meters refrigerant into evaporator

2) Provides a point of expansion a
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5

e Discharri: Cdrries the rt7,tr yet lot hum compresc,o: to the, of
the condenser

1

Liquid hoe Carries the rf-friger,int from the outlet of the condenser to the
inlet w the metering device

Suction 1.,11' 'Crit rIPS thy' refrigerant from the outlet of the evoporator to
the compressor

Liquid line filter drier

1) Adsra.rils or alYiii,lds moisture from refrigerant

2) Filters contaminapts from refrigerant

AccrurillIcitor Prevents liquid refrigerant born entering the comou,sor

Oil Louler Absorft, 'tom compressor oil

(I air Cin

:_;t,,tic Shrill

State,. Snell

Stdur Cold pldtu

d freezer compartment

'Ir Back ,,/,111 of and compartment (cold plate)

c Back mill of freezi,r compartment

i Bottom of freez,,r compartment

Sholv,s of optiiht freezer

6 a 1-11)t.lt y

RPcipi oral

Rotdr\,

7 ri Stf3t1 picitt``

I-M(1'd air On

Forced air plate

lift

tuft'
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8. a. In wall

b. Back of .refrigerator

c U. -?rneath refrigerator

9 a Inside diameter of original caw/tory tube '

b Length of original capillary Vibe

c. Horsepower of compressor motor

d Temperature' range of. system

e Type of refrigerihf

f Type of condenser

10 Perform-once skills evaluated to tie satisfaction of the instructor

ACR II 69-E

1



p-
. ACRII 71-f

DOWItSTIc REFRIGERATION DEFROST AND ELECTRICAL CONTROL'S
UNIT III

_` ,--. ,
. .

O ,
UNIT OBJECTIVE,

4 \.

After' complrotion of this unit, the student should be able to match terms associated with
domestic refrigeration defrost and electrical controls to the correct definitions and discuss

.the pur'p-ose of refrigeration, heaters and hot gas and electric defrbst components. The
'student should also be able to replace a temperature control and a defrost heater: This
knowledge will be evklenced through demonstration and by scoringeighty five percent
on the unit test. 4

SPECIFIC OBJECTIVES

?"1
After completion of this unit,Ethe student should be able to .

1 Match terms associated with domestic refr, ieration detrost and-electrical
- controls to the correct definitions

2 List 'nine domestic refrigerator heaters.

3. Discuss the location of heaters -41 1

4 Discuss the> purpose of refrigerato( heaters__

Identify electrical controls.

6 Discuss the location of electrical controls
P;

7 Discuss hot gas defrost components.

.8 Discuss electric defrost cornponent3

9 List two off cycle' defrost component's

10 Demonstrate the ability to

a d Name the heater circuits

b Name the controls

c Diagnose circuit prof lems

d Replace temperature control

e Replace a defrost heater

1<
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DOMEST:C REFRIGERATION DEFROST AND ELECTRICAL CONTROLS
UNIT III

SUGGESTED ACTIVITIES

I Instructo

A Frov.06 student voth objective sheet
4

B. Provide student with information, assignment, ,and job sheets.

C. Make transparencies.

D. Discuss Om and specific....ectives

E. Discuss information and assignment sheets.

F Demonstrate and the procedures outlined in the job sheets.

G Give test.

H Student

A. Read objective sheet

B. Study information sheet

C Complete assignment and job sheets

Q Take test

INSTRUCTIONAL MATERIALS

Included in this unit.I

A Objective sheet

B Information sheet

C Transparency masters
I

TM 1 -Heaters

2 TM 2 Electrical Controls

3 TM 3- Hot Gas 'Defrost

5 °r
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T..

r

(3'

4w

D Assignment sheets

1. Assignment Sheet =1,elame the Heater Circuits

2. Assignment Sheet =2 Name the Controls

3 Assignment Sheet =3- Diagnose Circuit Problems

E Answers to assignment sheets

F Job sheets

1 Job Sheet =1 Replace a Temperature

2 Job Sheet =2- Replace a DefroA Heater
.

G Test

H Answer:, to test,

II: References.

A Nithouse, Andrew D Turnquist, Carl H ; and Bilacciano' Alfred .F. Modern
Refrigeration and Air Conditioning Homewood, Illinois Goodheart-Willcox

i Company,' Inc , 1975.

, B Refrigeration, Part 11 Benton _Harbcir, Mich qan Whirlpool Corp., 1974.

I

C
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DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTROL)
UNIT III

INFORf%iATION SHEET

Terms and definitions

2

A Manual defrost Removing trust accumulation trom the evaporator by
turning off the refrigerator and allowing the frost to melt

(CAUTION DO not use a sham object to rernove the frost and ice
accumulation )

4 B Automatic 'defrost Removing frost, accumulation from the evaporator
periodically by the use of a timed control and a heat source

C ,Etectric defrost -Utilization of resistance type heaters in the automatic
defrost cycle

D Hot gas defrost -Routing hot discharge refrigerant to the evaporator for frost
removal

E Cold control Thermostat which controls cabinet temperature

F Sweating Moisture accumulation on cabinet walls

G Ambient compensator -Small resistance heater located next to the

temperature control on a freezer to insuree,prope.t cycling

Domestic refrigerator heaters (Transparency 1)

A Defrost heater

B Drain trough heater

C R(rimeter heater

( NOTE This may also be called a dew point or cabinet heater I

D Air duct heater

E Fill tube heater

!NnTE A fill tube heater is used only on some models tt,juipped with
ice makers )

F Butte( keeper heater

rOtTME'rl ,r1 tor

r-- O ,-*1
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INFORMA rIoN SHEET

H [Meat Leener heater

c'ater

;NOTE Nut e\:ery refit igeiator uses all these heaters, but frost-free
refrigerators w ill hai.e the inalority of them

Lo,:atior ; of he,rers

A ) p+r-oSt heater -Embedded in evaporator fins

B Drain trough heater -Underneath defrost water drip trough

A

C Pen nieter heater Behind cabinet door flange

U Air duct h=ater Inside of air duct

E Fill tr be heater Around u tor in!et tube for ice maker

F Butter keeper heater Around butter keeper compartment

Ambient compensator Next to freezer temperature control

H feat keener hearer Located in cabinet walls around the meat keeper section

1"\rOTI: This meat keeper section is only for short storage times 1

Nlulhon he, ter Behind the mullion sty ip

iV Pie po.e of refr ger,dor heaters

A Deu ost leaLer Automatically removes the frost accumulation from the
iporator

B Drain trougti heater Prevents it e build up in the water trough

C PPM miter heater Prevents sweating around cabinet gasket flange

U Air duct heater Prevents ice block,ige in the air duct

tube heator Prevents tim \A titer from freezing in water inlet tube

1- Butter 0:icier heater Keeps buttor at the proper temperature

(1 orniwi'StitOr Warms freezer thermostat fo'r proper cycling

E.- This is especiaii triefiil for freezers that are located where the
r, 9,injit I ;(p;/,.t Oho, all: dr.SIll'd cabinet temperature'.)
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INFORMATION SHEET

H neat keeper cute' Aids in maintaining the proper temoerdture for meat
star age

heater Prevents moisture 1r um accumulating on the mullion strip

V Electrical controls (Transparency 2)

A Temper a tr re control thermostat

B Re!av,

Hot `.sire

2 Current

3 Solid state

Defr )st termination thermostat

D Lc, switch

E Fan right switch

F Defro:r taller

G Overload

VI Location of electrical controk

A Thmper ;tore control

Side of refrigerator liner

2 Behind air deflector

B Starbi n lay Attached to or close to the-compressor terminals

C Defrost twerination thermostat Attached to end of a famed r-raporator

(NOTE Song' refrigerators require two termination thermostats, t-ired
parakel to each other, in order to keep the heater on .long enough for
ornpr:r clefrc,,t

D L grit s,vitch In the sure breaker tram, on door h nqe side of iefrigt rator,
C

Frn -itch In the side breaker trim on door hinge side of refrugoratoi IN 0

'Sir The iigi s ;it(:1) and fan sv,atch are t,suaily built irdo ay,ernhiy; )
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INFORMATION SHEET

F Defrost timer Usually located behind the toe plate

(NOTE Some manufacturers will place the timer in other locations but

rt rs most often locitecl underneath the refrigerator )

G Overload Next to Cempressor behind the terminal cover

VII. Hot gas defrost components (Transparency 3)

A By pass valve in discharge line

1 EnergiLed Hot discharge refrigerant by passes the condenser and
metering device

2 Deenergized Normal refrigerant flow

Solenoid Energizes by pass valve

C Control

1 Motor driven timer

2 Ratchet timer

rr Opening and closing freezer door advances timer

h Remote. sensing bulb for termination

VIII Electric (If frost components

A Motor driven timer

1 Starts defrost cycle

2 Detemtnes length of time compressor is off,

(NOTE Various manufacturers use timers with different defrost cycles.

Defrost tuner motor running time is determined by unit running time

B Defrost heater

Turned on by timer

2 Forminated try

1er urination thermostat



INFORMATION SHEET

C. Termination thermostat

1

ACR H 79-E

-Wired in series with detrost heater only

2 Turns off defrost heater if ambient around evaporator reaches
45° to 50°F

(CAUTION: Do norby-pass the termination thermostat because the heater
will come on and stay on the en-tire length of the timed cycle and could
create enough heat to cause excessive damage to the refrigerator.)

D. Drain trough heater

1. Wired parallel to defrost heater and termination thermostat

2. Stays on for entire timed defrost cycle

IX. Off cycle defrost components

A. Defrost heater

B Wide range temperature control

(NOTE: Since the defrost heater is only on during the refrigerator off cycle,
a wade range on the temperature control will allow sufficient time for frost
removal.)

591



Heaters

Defrost Heater

Quartz Hester

Foil Backed Resistance Heater

ACR II 81-E

(Note : Most Heaters Except The Defrost Heater

Are The Foil Backed Type.)

592



Electrical Controls

Temperature Control Thermostat

Hot Wire Relay

Light Switch

Fan / Light Switch

ACR II 83-E

Defrost Timer

Overload

Current Relay

Solid,State Relay

Defrost Termination Thermostat

59

(
TM 3



Hot Gas Defrost

ACR II 85-E

TM 2



ACR II 87 E

DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTPnLS
UNIT III

ASSIGNMENT SHEET »1 NAME THE HEATER CJRCUITS

List the heater circuits in the schematic below A circuit consists of a power source,
connecting wiring, load, and sometimes a control

120 V A C

Perimeter Heater
4VVV\

Mullion Heater
AAA/V\t

Cab Light

Light Switch

4

Defrost .

Timer

Defrost
Thermostat

Temp Control

Defrost Heater

Drain Trough Heater Wire
"\AAA/

Evap Fan

Fan

rreRelay

Switch

41

L_ Overload Protector

Compressor

tri
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DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTROLS
UNIT III

°ASSIGNMENT SHEET -=:2 NAME THE CONTROLS

List the controls in the schematic below A control is in series with a load

120 V A C

Perimeter Heater
e\AAAA.

Mullion Heater

Cab Light

4

Defrost
Timer

Defrost
Thermostat

Temp Control-

Defrost Heater
IVV\.

Drain Trough Heater Wire
1ANNI

Evap Fan

Relay

L. _

Compressor

5 9

Overload Protector
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DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTROLS
UNIT III

ASSIGNMENT SHEET z-3 DIAGNOSE CIRCUIT PROBLEMS

Look at the ladder schematic and answer the questions pertaining to electrical test meter
checks

120 V A C

Perimeter Heater

Mullion Heater
WCAA.

Cab Light

Light Switch

4

B

Defrost
Timer

Defrost
Thermostat

Defrost Heater
AAAr

Drain Trough Heater Wire-

emp Control

T2

,P

Fan Switch

Evap Fan

Compressor

.,r-

4-1 e

Overload ProtectorProtector
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Example

14 '

ASSIGNMENT SHEE 1- =3

Zero \,oltaqe bet\Ai ,,n H and N

No source voltage a,,ailable.

No continuity between A and B

(NOTE An imcircuit component must have one side disconnected
before checking for continuity to prevent getting a reading
thrOugh another )

2 120 V A C between C and D

3 Zero voltage betwee'm E and F

120 V'A C between F and G

5 Continuity between 1 and 2 on'defrost ,timer

6 (NOTE Ali cont'nuity checks should tie made with the power
disconnected I

6 120 V A C between 1 on defrcist timer and I,

7 Current draw between I and J

8 120 V A C between 2 on defrost Omar and 1<

9 120 V A C between T1 and T2

10 Zero voltage between T2 and P

11 120 V A C between L and

12 No continuity between M on relay and C on compressor

13 120 V A C between 1 and 2 on overload protector
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DOMESTIC REFRIGERATIOrJ DEFROST A'`'D ELECTRICAL COLTROLS
LI.IT HI

ANSWERS TO ASS11,11.1ErT SHEETS

Assilffnent Sheet 4:1

1. Perimeter heater

2 Mullion [water .

3 Defrost heate,s;

4 Drag} trough heater

Assignmf!,nt Shit *»2`

1 "..Light sviitch"

2 Defrost tinier"

3 Defrost therm )stat\:-,----

4 Temperature f. )ntrol

)5 Fan switch

6 Relay

AY,i(iriment Shef.,1

1 Open periinfter

2 Sou,r( e voltage is rivaildble

3 Light stitch is closed

4 ()pen cdhinet light

Defhist timer is calling for defrost

Fi tiefrost tinier is not calling for defrost

Dfrhst h, ,ter is eriergi/.,(t

8 fiefrost timer is f. Wing for defrost

9 1 emper,min, ',win 01 is open

.4

he



10 F,111 h n t h)stti

11 Fitd,ty cumt,t, .11e

12 Opcil 'tin kiirlrling

13 ()\,trh),I(1 hIrliotd1 IwItdcts dre orwn



DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTROLS
UNIT III

JOB SHEET =1 REPLACE A TEMPERATURE CONTROL

I. Tools and materials

A Standard slot type screwdriver

B. Phr Hips screwdriver

C. Temperature control

D -Temperature recorder

E. Refrigerator

II. Procedure

A. , Disconnect electrical power from refrigerator

B Remove knob from temperature control

(NOTE. Knob should remove easily. If it does not, do not pry on it. On
some temperature controls, the center portion of the knob is on a tnreaded
shaft and will have to be' removed first.)

C. Remove temperature control mounting screws

D. Full control out enough to disconnect wires

E. Disconnect sensing element from the evaporator if it is secured to it

F. Carefully remove the sensing element

G. Do not kink or break the sensing element

H. Straighten the sensing element of the new t mperature control

I. Insert sensing element

(CAUTION: Be careful not to kink or break the sensing element.)

J Attach wires to control

K. Place control in proper location

L. Replace mounting screws

601
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JOB SHEET

M Attach sensing element to evaporator in the same mariner as the original

N Check to be sure that the sensing element touches only where intended

(NOTE If the thermostat sensing element touches a cold spot prior to
reaching the evaporator it will cause irratic cycling

O Replace control knob

P. Have instructor check installation

Q Plug in refrigerator

R Set temperature control at mid range

S Place temperature recorder in refrigerator

T Allow to run for 24 hours

U Check chart for cycling pattern

V Have ,Instructor check chart

,W Clean up, and put away tools and materials'
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DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL_ CONTROLS
UNIT III

JOB SHEET =2 REPLACE A DEFROST HEATER

I Tools and materials

A Standard slot type scre,Ndriver

B Phillips screwdriver

C Defrost heater

D Refrigerator

E Ammeter or wattmeter

II. Procedure

A. Disconnect electrical power from refrigerator

B. Open freezer compartment door

C Allow freezer compartment to warm up

D. Remove evaporator cover panel

E. Remove screws from evaporator mounting brackets

F Carefully pull evaporator out enough to make defrost heater accessible

G Disconnect defrost heater wiring

H Remove heater from evaporator (Figure 1)`

(CAUTION. Be careful when removing or replacing a'heater with a finned
evaporator, because the fins are sharp

FIGURE 1

11,tHth6

J



JOB S"EET ttr2

I Install new defrost heater in the evaporator slots

J Do not push heater into slots with a screwdriver

(NOTE Using a screwdriver could damage the heater Flattening one end
of a piece 1 2 inch o d copr2r tubing with a V cut in it makes a good
heater installation tool )

K Connect wiring

L Check to be sure that no wiring is touching the heater

M Push evaporator back into posit-tpn

N Replace mounting screws

O , Have instructor check installation

P Replace evaporator cover panel

O Plug in refrigerator

R Set temperature- control at mid ronge

S Allow the refrigerator to operate long enough to cool down the termination
thermostat

T Set ammeter in highest scale

U Place ammeter around one conductor of power cord

Turn tuner shaft in clockwise direction _unt(l first click

W Check ammeter reading

X Select ammeter scale that provides a center scale reading

Y Observe dr111111., r for a reduction in reading when- the termination
thermostat opens

I Check length of time of defrost cycle

(NOTE The defrost cycle 'should not be longer than approximately 25
minutes

AA Clean up and put away tools and materials
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DOMESTIC REFRIGERATION DEE Fib,i AND ELECTRICAL CONTROLS
, UNIT III

NAME

TEST

1 - Match the terms on the right to the correct definition,

Moisture accumulation on cabinet wails 1 Ambient
compensator

b Utilization of resistance type heaters in
the autorna'ac defrost cycle. 2. Automatic

defrost
c. R?moving frost accumulation from -the

eaporator by turning off the 3 Sweating
refrigerator and allowing the frost to
melt 4. Cold control

d Thermostat which controls cabinet' 5 Manual defrost
temperature

6 Electric defrost
e Routing hot discharge refrigerant to the

evaporator for frost removal 7. Hot as

t Removing frost accumulation from toe defrost

evaporator periodically by the use of a
timed control and a heat source

q Small resistance heater located next to
the temperatur,_ control or a frezer to
insure proper cycling

2 List nine domestic refrigerator heaters

a

b

ri

6fh-)

9



3 DISCUSS the locatio,i of hti,itois

4 Discuss the uurimse of refruie-rator !waters

SUS'
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5. Identify the electrical controls.



102-E

,
..,

, \

6 DisCuss the location of electrical controls

7 Discuss hot (ids defrost components

r

6 0 s

a

...
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= 8. Discuss electric defrot components.

9 List two off cycle defrost components.

a

b.
i

1

10 Demonstrate the ability to

a Name the heater circuits.

b Name the controls '

c Diagnose circuit problems

d Replace a temperature control

e Replace a clefiost heater.

(NOTE If these activates have not been accomplished prior to the test, ask
your instructor when they should be completed )

609
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DOMESTIC REFRIGERATION' DEFROST AND ELECTRICAL CONTROLS
UNIT HI

ANSWERS TO TEST

1 a 3 e 7

b 6 f 2

5 g 1

d 4

2 a , Defrost heater

b Dram trough heater

c Perimeter heater

d Air dui' heater

e Fill tube heater

f Butter keeper heater

Ambient compensator

h Meat keeper heater

i Mullion heater

3 Discussion should include

a Defrost heater Embedded in evaporator fins

b Drain trough heater Underneath defrost water drip trough

c Perimeter heater Behind cabinet door flange

Air duct heater Inside of air duct

e Fill tube heater Around water inlet tube for ice maker

Butter keeper heater Around butter keep'er compartment

Ambient compensator Next to freezer temperature control

h Meat keeper heater Located in cabinet walls around the meat keeper section

Mullion heater Behind the mullion strip

610



4 - L)isctis-yon should oit ludo

5

a [)etr,Ist I w.itcr Automat): airy removes the ir,et :i« 11()111

(vat)u .M

1) Drain trough heater PH1V0111, ,:1111 1)1111(1 '11.1 Ill tilt' water trough

c Perin,eter heater Prevents sweating Jr 0' If Id Lihrnet gasket .1+1 (

Ae duct heater Prevents ice blockage, in the air duct

e Fill tube heater Prevents the water from heeling in water inlet tube

Butter keeper heater Ke1IPS butter at the proper temperature

Ambient compensator \Alarms freezer thermostat for proper cycling

Meat keep,r heater Aids in maintaining the proper temperature for 'neat

st,nage

Mullion heater Prevents moisturr- front accumulating 011 the mullion strip

Current relay

Delry,t t'retin mon thermostat

Deb ,st timer

r nt liql,t svd,t( h ,

Tent-perature control thermostat

Hot v4ire rota,/

I

state relay

ti Dy1;rissit)o should include

1 flnpi-attir. control

1) ',He of re ti werator liner

?) 13;,111orl air tulle tor.

relay Attached to or i lose to the compressor ter wait,

1t1,11I0.111011 11111011(1S1,11 N1(1(111(1 te, (111d 0? a finned (1\/,)0(u ,1101

611
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...

Light Switch I n the side breaker trim 4.1u, do-Or hi nge side of refrigerator
(NCI

e Fan switch In the ,ade breaker 'tom on door hinge side of refrigerator IN 0

f Defrost 01110 Usually located behind the toe plate

g ,Overload Next to compressor behind the terminal cover

7 Discussion should include

a By pass valve in discharge' line

1) Energized Hot discharge refrigerant by passes the condenser and
metering device

2) Deenerqized Norma) refrigerant flow

h Solenoid Energizes by pass -alve

c Control

1) Motor driven timer

2) Ratchet timer

a) Opening and closing freezer door advances timer

b) Remote sensing bulb for termination

8- Discussion-should include

a Motor driven timer

)

1) Starts defrost cycle

.

2) Determines length of time compressor is off
...

b Defrost heater

1) Turned on by timer ,

.2) Terminated by

a) Termination

b) 1-1,11E'r

\,
r, Termination m ustnertat

r

N..

t' ii.iromstat

1) VV.perl 'ii serif s with defrost heater only

)

2) Turns off defrost heater if ambient around- evaporator reaches
45 to 50 F

i'

/



r,

d Drain trough heater r ;7.

1 ) Wired parallel to defrost heater and term njtion' tIA.rmostat

2) Stays on for entire timed defrost Cycle

9. a Defrost heater

h Wide range temperature control

a.

10. Per forman,ce skils evaluated to the satisfaction of ' the instructor

S
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MECHANICAL SERVICING OF DOMESTIC REFRIGERATURS
UNIT- IV

UNIT OBJECTIVE

-After completion of his unit, the student shOuld be able to match terms their correct
definitions and list three types of leak detectors, three common mechanical system failures,
the characteristics of an overcharged system, and the steps in cleaning a system after burn
out. The 'udent should also be able to discus the inoications of a refrig:rant leak,
character' es of defective compressor motor valves characteristics of a restricted capillary

tube, and compressor motor burn out This knowledge will he evidenced through
demonstration and by scoring eighty five percent on the unit test

SPFCIFIC OBJECTIVES

After completion of this unit, the student should be able to

1 Define terms associated with mechanical servicing ot domestic refrigerators

2 List three types of leak detectors

3. Discuss the indications of a refrigerant leak

4. List three common mechanical system failures.

5 List the four characteristics ot a compressor motor with defective valves.

6. Discuss the characteristics of a restricted capillary tube

7. List five characteristics of an overcharged system.

,3. Discuss compressor motor burp out

9 List the twelve steps in cleaning a system after, burn out.

10 Demonstrate the ability to:

a Repair an evaporator with epoxy.

Evacuate an,' charge a refrigerator which has only a low side :,,irvice
valve.

/
c Evacuate and charge a fe/frigerator which has only a high 'side service

valve

612
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d Clean a system after burn out

e. Clean a restricted capillary tube.

Repair an evaporator by aluminum brazing

Check efficiency of a compressor motor.

615
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MECHANICAL SERVICING OF Dc AESTIC REFRIGERATORS
UNIT IV

SUGGESTED ACTIVITIES

I. Instructor

A Provide student with objective sheet

B. Provide student with informatiou and job sheets.

C. Discuss unit and specific objectives

D. Discuss inforroation sheet.

ACR II 111-E

E. Demonstrate and dicuss the procedures outlined in the job sheets. ,

F. Show the students a burned out compressor motor and a sample of oil
from a burned out compressor motor.

G. Giv test.

II. Student'

A. Read objective sheet.

ti Study information sheet.

C. Complete job sheets.

D. Take test

INSTRUCTIONAL MATERIALS

I Included in this ;.nit:

A. Objective sheet

B. Information sheet

C Job sheets

1. Job Sheet #1 Repair an Evaporator with Epoxy

2 Job Sheet #-2 -Evacuate and Charge a Refr gerator Which Hds Only
a Low Side Service Valve

..,

. -
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3. Job Sheet =3 Evacuate and Charge a Refrigerator Which Has Only
a High Side Service Valve

4. Job Sheet 44 Clean a System After Burn Out

5 Job Sheet =5 Clean a Restricted Capillary Tube

6 Job Sheet =6 Repair an Evaporator By Aluminum Brazing

7 Job Sheet z-^7 Check Efficiency of a Compressor Motor

Test

f- Answers to test

fi,_,ferences

Roingeration Smice, Part / Benton Harbor, Michigan Whirlpool Corp ,

1 974

S1
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MECHANICAL SERVICING OF 001`.1ESTIC REFRIGERATORS
UNIT IV

I Torms and definitions

A

INFORMATION SHEET

Contamination Foreign substance in a refrigeration system such as dirt,
moisture, or other foreign matter

B Acidic Condition in vnich the refrigerant andi'or oil becomes corrosive in
nature

C Compressor motor valves Internal reed type valves inside the compres.,or
allow the low pressure refrigerant to enter the compression cylinder

and 14 compressed refrigerant to be discharged

I I Leak detectors

A Soap bubbles

B Halide torch

C Electronic

lil Refrigerant leak indications

A

B

C

D

E

Reduced cooling capacity

Definite. hissing snund at capillary tube outlet

Evaporator frost pattern is short

Lon' wattage draw

Oil soots

IV Metj-tenical system faiiur,!s

A

B

C

Dr Iective sealed system components

ReIngerunt charge

R, oil( nous

V Dim -1( tiinitly, of a comVessor motor with defective valves

A Af ,111( (11111'nt «)!1",oription

I)

I ; 1111 Cdpcint y

H, pressure

L man hrinie mess:ire

1
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INFORMATION SHEET

VI Characteristics of .1 restricted capillary tube

;NOTE The line filter drier will sometimes become restricted and it should
he doe% ked before condernmng the cap Mary tube A restricted filter-drier will
often ,nclicaLed by a definite temperature difference between the inlet and
outlet or the drier )

A Par tiol restriction

1 Intermittet hissing sound at capillary tube outlet

2 Partial frosting of evaporator

3 Frost on capillary tube

(NOTE This may occur at the point of partial restriction 1

4 Normal high side pressure

5 Lower than normal low side pressure

6 Slower than rormal rate of pressure equalization when system
shuts off

B Complete restriction

1 No hissing at capillary tube outlet

2 No frost on evaporator

3 Ln%v compressor wattage

4 Lower than normal High side pressure

5 Low side will h in vacuum

Pressures will not equalize when system shuts off

VII Characteristics of an overcharged system

NOTE An overcharged condition is usublly the result of an improper previous
service operaron

A ComplLtely frostod evaporator

B Frosted suction line

C Iliilh r tildr normal compressor wattage

61 c,0
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INFORMATION SHEET

D Above normal head pressure

E Compressor motor noisy

(NOTE Excessive overcharge may damage the compressor by slugging )

VIII Compressor motor burn out

(NOTE The refrigerant V\IIii have a pungent odor I

A Electric motor in compressor motor burns out

B Creates acid in entire system

C Compressor motor must be changed

D System must be tlushed

IX Steps I n cleaning a system after burn out

A Discharge refrigerant

tCAUTION Do not allow the refrigerant or oil to come in contact with
your skin or eyes because it will be acidic.)

..,

B Remove compressor motor

C Disconnect inlet and outlet of capillary tubE or other metering device

D Connect capillary tube cleaner to the capillary tube and clean

(NOTE: If a different type of metering device is usEd should be
clsassembled and cleaned.)

E Flush evaporator with liquid refrigerant

(CAUTION' Wear safety glasses and do nor let the liquid contact the skin
because it will cause a burn.)

F Flush condenser with liquid refrigerant

G Flush suction and liquid lines with liquid refrigerant

(NOTE. The refrigerant used for flushing :.hould be the same as the

rel:pp;rant used in the system I
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INFORMATION SHEET

H Connect outlet of capillary rube to iplet of ev3porator

I Instd11 new compt eSSOr motor

J Ins lefT Hew liquid line filter drier

Triple evaLlidtp

L Chary2 wit') refrigerant
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MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS
UNIT IV

JOB SHEET t--1 REPAIR AN EVAPORATOR WITH EPDXY

I Tools and materials

A Aluminum evaporator

B. Sand cloth

C Epoxy (which is designed to be used with refriaerant)

D Clean piece of cardboard or sheet metal

E Acetone

F. Clean applicator

G. Drop light

H. Refrigeration gauge Set

I. Vacutirm pump

J. Shop towels

K. Dry nitrogen

L. Soap solution

II. Procedure

A. Clean surface to be repaired with sand cloth

B. Clean surface with acetone and a clean shop towel

C. Put equal amounts of resin and catalyst on a clean piece of cardboard or
sheet metal (Figure 1)

FIGURE 1 Jars of Epoxy

Cardboard

vApplicator

(NOTE: Only use an epoxy which is compatible with fluorocarbon
refrigerants.)

6 9 "
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JOB SHEET =1

D Mix the resin and catalyst together

E Apply the epoxy to the area to he repaired

F Place a drop light close to the repaired area

G Install gauge set

H Connect vacuum pump

Pull approximately 10" Hg. on the system

(NOTE. The heat from the drop light will sometimes cause a slight pressure
increase in the sea'ed system which can create bubbles in the epoxy patch
and result in pinhole leaks A slight vacuum on the system during the drying
process will prevent this )

J Leave the light on for approximately two hours

Allow system to set for twenty four hours

L Pressurize with dry nitrogen

M. Check repaired area with soap solution

N Discharge nitrogen

, 0 Evacuate

(NOTE. Check wol, instructor about changing the filter-drier prior to
evacuation

P Recharge system with refrigerant

O Have instructor check

Cle,in up and put away tools and materials

z

tio
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, MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS
UNIT IV

JOB SHEET ;`---2 EVACUATE AND CHARGE A REFRIGERATOR
WHICH HAS ONLY A LOW SIDE SERVICE VALVE

I Tools and materials

A Domestic refrigerator with low side access valve

B. Refrigeration gauge set

C. Calibrated charging cylinder

D. Refrigerant

E Clean shop towels

F. Vacuum pump

G. Mercury manometer

H. Safety glasses

I. Pocket thermometer

J. Pressure chart

K. Soap solution

II. Procedure

i
A. Put on safety glasses ...

B. Puy refrigerant into charging cylinder (Figure 1)

i

FIGURE 1

6 9 r.
...., 1
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JOB SHEET --",t2

C. Rotate dial shroud to proper refrigerant and presiure reading (Figure 2)
. ..

(NOTE The drum pressure will be indicated on the gauge which is on
top of the charging cylinder.)

(r----- ----1) .

FIGURE 2

e

1

D. Close charging cylinder valve when refrigerant reaches the desired level

E Close refrigerant drum vah,P

F Set drum upright

G. Place shop towel around hose and loosen hose

H. Allow refrigerant to purge from hose

I Connect gauge set to low side service valve, charging cylinder and vacuum
pump (Figure 3)

Low Side Service Valve

625
9

Charging

Cylinder
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N 'Periodically check vactsuri, pump operation

J08 SHEET #2

J ()pen low side Chrie set valve

K Open vacuum 'putlip- valve

L Start- vacuum pump

M Noper ly evacuate

0 Cloie low side valve on gauge set

P Close vacuum pump valve

O Allow sytern to set for approximately ten -minutes

R Check compound gauge for a loss of vacuum

S Open valve (in charging cylinder

T Crack low side valve on gauge set

Ae.R II 121-E

r.

(NOTE' Refririer_mt should enter the system' slowly so as not to wash the
oil out of the compressor I

Allow system pressure to rise to approximately 50 p s.i.g

Start refrigerator

W Allow the rest of the refrigerant to enter the system slowly

X Keep the pressure out of vacuum while charging

(NOTE Systems with rotary cOmpressors will sometimes run in a vacuum
for about thirty minutes and gradually come up to the correct low side
pressure I

Y Close charging cylinder valve

Z Close low side valve on gauge set

AA Allow refrigerator to run until freezer uompartment is approximately (rF

8B Ceck low side gauge pressure

CC Check pressure temperature chart
1

DD Have t-istructor check

EE Remove gauge set

FF Check service valve with soap solution for possible leaks

GC; Clean up and put away took and materials

I s,
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MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS
UNIT IV

JOB SHEET #3 EVACUATE AND CHARGE A REFRIGERATOR
WHICH HAS ONLY A HIGH SIDE SERVICE VALVE

Tools and materials

A Domestic refrigerator with high side service valve

B Refrigeration gauge set

C. Calibrated char:ging cylinder

D. Refrigerant

E. Clean shop towels

F. Vacuum pump

G. Mercury manometer

H. Safety glasses

Open end wrenches

J. Pocket thermometer

K. Pressure chart

L Soap solution

M. Valve adapter kit

E'

t

a

ACR 123-E
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JOB

ptit m stt (11_64-*:.

P. Pot rt triwrant Into cmJrciitlq tli (Flgtit,' 1)

Fft. _

r

C (4t I 1 t.rimc: to r'rn)t geran; rind pressure reading ( 2)

.-J()T T u (bur,' rin,c,s,crp vil he an i :Lit,C1 on the Gauge Which 13 on

1,n)

j, r ;`1 ". II ( t
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JOB SHEET ::;t3

E Close refrigerant drum valve

F Set drurr, upright

G. Place shop towel around hose and loosen hose

H Allow refrigerant to purge from hose

I Connect gauge set to high side service valve, charging cylider and vacuum
,,ump (Figure 3)

(NOTE If working with a Frigidare compressor the service valve adapter
will have to be installed first )

FIGURE 3

Vacuum Pump

-..--Charging Cylinder

J Open high side and low side gauge set valves

K Open vacuum pump calve

L Start vacuum pump

M Properly evacuate

N Periodically check vacuum pump operation

O Close vacuum pump valve

P Allow system to set for approximately ten minutes

O Check compound gauge for a loss of vacuum



126 E

JOB SHEET

R Close low side valve on gauge set

S Increase pressure in charging cylinder

(NOTE Some charging cylinders have a built in heater that can be plugged
in If the cylinder does not have a heater use another heat source such
as a drop light" or heat gun.)

(CAUTION Never apply an open flame to any container which has
refrigerant in ii.)

T Increase cylinder pressure to pornum of 150 p s.i.g.

U Remove heat from cylinder

V Open charging cylinder valve

ai: of the refrigerant to enter the system

X Close charging ylinder valve

Y Start refrigerator

(CAUTION Never try to add refrigerant through a high side service valve
v'vith the compressor running )

Z Allow refrigerator to r. n until the freezer is 0°F

AA Check condensing ambient temperature

BR Check high side pressure rcading

CC Ch-ck pressure temperature chart

DD Have Instructor check

CHse or back seat high side service valve

F F Piace -,hop towel arouno 'nose to remove it

;NOTE If the service valve is of the r cess core type, place a shop towel
around it and remove the hose quickly )
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MECH AMU L SERVICING OF DOMESTIC REFRIGERATORS
UNIT IV

JOB SHEET #4 CLEAN A SYSTEM AFTER BURN OUT

I Tools and materials

A Domestic refrigerator

B Refrigerant

C Capillary tube cleaner

D Torch

E Silver solder flux

F Sand cloth

G Silver brazing alloy

H Copper tubing 1 /4" o.d

I Flaring tool and block

J. Tubing cutter

K Flare nut 1 /4"

L I Shop towels

M Safety glasses

N Process tube adapters

O Refrigeration gauge set

P Refrigerant oil

I I Procedure

A Put on safety glasses

P Discharge refrigerant

(CAUTION Do not allow the refrigerant to touch your skin or eyes as
it will contain a

C Remove hurried out compressor

D Remove liquid line filter drier

E Disconnect outlr: of capiiiary tube

r. ,-.) I

0 0 _t_
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JOB SHEET #4

O Remove process tube adapter

P Place the process tube adapter on the compressor end of the suction line

O Place shop towel over open inlet tube of evaporator

R Flush evaporator with liquid refrigerant

S Attach capillary tube cleaner to the capillary tube

T. Force clean refrigerant oil through the capillary tube

U Silver braze capillary tube into inlet of evaporator

V. !nsiall new compressor

W. Install new filterdner

X Triple evacuate

Y Charge with a calibrated charging cylinder

Z Ha, i instructor check

AA Clean up and put av'zi.,/ tools and materials

633
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MECHANICAL SERVICING OF DOMES-11C REFRIGERATORS iir
UNIT IV

SOB SHEET #5 CLEAN A RESTRICTED CAPILLARY TUBE

I. Tools and materials

A Restricted capillary tube

B Capillary tube cleaner

C Flat file

D Torch

E Sand cloth

F Silver brazing alloy

G Silver solder flux

H Copper tubing 1/4" o.d.

I Flare nut 1/4"

J. Shop towels

K Two pairs of slip joint pliers
.

..

L Safety glasses

M. Tubing cutter

I I Procedure

A Put on safety y'asses

B Straighten the capillary tube

(NOTE if a foreign particle is dislodged in the capillary tube it could
become lodged again if there is a sharp turn in the capillary ,tube.)

C Score capillary tube one inch in from end with edge of flat file

D Place pliers on the capillary tube and break it

E Cut a four inch piece of 1/4" copper tubing

F Flare one end of 1/4" tubing

0 11 4
U i ' 4,
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G Place flare nut on tubing

H Polish the capillary tube

I Instit capillary tube into opposite end of tubing from flare

J Crimp tubing

K Silver braze tubing to capillary tube

L. Attach capillary tube cleaner to flare nut.(Figure 1)

FIGURE 1

Capillary Tube

Copillory, Tube CleJner

M instructor .nspect hook up

Force oil thiough the capillary tube

Hydraulic Capillary
Tube Cleaner

(CAUTION Thf, gauge on the hydraulic capillary tube cleaner may be
i(P.d 'f too much pressure is applied Check with instructor on proper

nrocedilie to prevent damage

C) j f-3(-1,ov, tI cleaner

LIOTE The ,,hort piece of 1/4'1 tubing and the flare nut may need to
i( ft on the capillary tubP for easy connection to the filter-drier

P tlaic, ,tnictor checl,

Ind put away tools and mati iidls
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MECHANICAL ,SERVICING OF DOMESTIC REFRIGERATORS
UNIT IV

OB SHEET =6 REPAIR AN EVAPORATOR BY ALUMINUM BRAZING

I Tools and materials

A Aluminum evaporator

B. Torch

C Aluminum brazing rod

D Flux

E Shop towels

F Sand cloth

G. Safety glasses

II Procedure

A Put on safety glasses

B Clean the surface

(NOTE The aluminum evaporator should be tilted slightly so that any traces
of oil in it will not collect at the heat area.)

C. Warm or 'd of the brazing rod

D Dip warmed end into the flux

E Melt flux off of rod onto area to be brazed

F Keep torch in motion and heat rapidly until flux turns to liquid

G Melt rod onto the aluminum while keeping the flame on the fluxed area

Ii 3 ti
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JOB SHEET =6

H Scratch the ahsa with the rod as the solder begins to melt (Figure 1)

FIGURE 1 Rod Starting to Melt

Rod Ribbed Across
Repair Are,

RI u Flame to
r\lciintain Evjn Heat

I . Ket p the torch in motion until the entire area to be repaired is covered

.1 A, ov.i the solder to cool

K R. nv tin flux residue with warm water and a clean cloth

itt) IF It might Li necessar,, to pressurize and check for leaks )

H insrcCt

Chin up ant drld materials

1 V rr) i
ti 0
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MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS
UNIT IV

JOB SHEET -r-t7 CHECK EFFICIENCY OF A COMPRESSOR MOTOR

Tools and material!,

A Domestic refrigerator

B. Refrigeration gauge set

C Ammeter, or wattmeter

D Safety glasr..e.c

E Pinch-off tool

F. Open end vvrencheS

II Procedure

A Put on safety glasse;

B. Attach gauge set to system

C Conbect ammeter or wattmeter

D Start system

E. pressures to stabilize

F Use pressure-temperature chart to determine the approximate pressures

OTE ,nefficient cbmbressor he indLcated of.a conbir.ation

1 Higher than normal suction pressure

2 t"an normal dIscha-ge pressure

3 Lo..(er than norr-ndl current ccnsumntion 1

Hd ./CJ InstruCtor it s;)c:cI

H it rjff system

Remove hoses from -1Ccr:sS

J

using d snop wolf.cr 0-1); skin

.0TE Hose() cinr,bt pror 1r, I, r.Ir q rf,t-)oir.fi from
/br, /dip_ I

Po r Jr, !prn,,,r)r.Ir y 1,J;) uy,H,

1(Th15 "1 It;.ndk,



MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS
UNIT IV

NAME

TEST

ACR II 137-E.

1 Define terms associated with the mechanical servicing of domestic refrigerators.

a. Compressor motor valves--

b. Contamination--

c. Acidic--

2. List three types of leak detectors.

a

b.

c

3 Discuss the indications of a refrigerant leak.

4 List three common mechanical system failures.

a.

-53U
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4

;

-/

5. List the four characteristics of a compressor motor with defectivecyalyes.

a

b.
.,

c.

Discuss the characteristics ;of a restricted capillary tube.

C

A
1)

I ! J

i..

4

- v

4 / 4

e

.,

1* 4



7. List five characteristics of an overcharged system.

a.

n.

c.

d.

e.

Q

8. Discuss compressor motor b n

9. List the twelve steps in cleaning a system after burn out.

a.
14

b.

d

e.

f

k.

,1"
A1
I

/SCR II - 139-E

a
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10. Demonstrate the ability to

Rep ur an evar-)rator with epoxy

Evacuate and charge d refritri atm' has only a low Sid(' service VdIV('

c Evacuate and charge d f°11f,l'f dIt)1 which IldS only d 11141 side service valve

Clown a system atter burn out

e Clean 'civil capillary tube

Repair an evaporator by aluminum brazing

Check efficiency of d COMP, eSSOf motor

(NOTE If these activities have not been accomplished prior to the test, ask
vouf instructor when they should he completed
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ACR II 141-E

MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS
UNIT IV

ANSWERS TO TEST

Compressor motor valves Internal reed valves inside the compressor
'itch allow the love pressure refrigerant t, enter the compression cylinder

and the compressed refrigerant to be discharged

P Contamination -Foreign substance in a refrigeration systam such as dirt,
moisture, or other foreign matter

c Condition in which the refrigerant and/or oil becomes corrosive in
nature

2 a Soap bubbles

h Halide torch

c Electronic

3. a. Reduced cooling capacity

h. Definite hissing sound at capillary tube outlet

c Evaporator frost patt:rn is short

Low wattage draw

e Oil spots

4 Defective sealed system components

] Refruterant charge

c Restrictions

5 a Re( tired current consirmrmon

Rr,ducer, cooling capak:ity

Hightt than normal suction pressure

Lot,, ]1 than normal discharge pressure

6 DISC,Lhtil on S110111 d inch, in

a Pdt 1,i1 resit

1 I let. imittemt hissin,1 sound at capillary tul)e outlet

7) Prim t1,11 r t/dpOt dtOt

31 Fi OSi can ( dlrlI rmy tube

L ,1'r
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1

'M s. fittr , 1/,

1'1 Lrtl tlf,
,11'

Cct,' :t?ottt rf'trt' tiOm

,i(!f rt, ttd!)(t ot.11Tht

() front OP f"6 1()k)r.11t)t

3 cOril;tt_t,,c(), t,,tv,it (if

4: L),- I nri,f1),ti Hdf' :3)(1+ tit, ,iff'

,tit'

It) " y

f t't

!-4 ',tit )1)r {'St-art it rit ic

ft\ t tr,t,ff, cc svf or,t3,tif

tr,f)1(1

ri

tt tt, ()tit f cry 1

tt tt,off)t It? ( tlfl);ltfc,;o1 ITIO4Or (41t

f

a H

tittttajf

(fp fita,'fti

ft "ta fit

rthInif

);w ft ti(t tt, Itht (,( ttiht, tir nIfIttr rnpto? cm;

to 11' I , it ri
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Itttf tt t ttr thit (,1010,11,/ f,111(' ttrtfl CI(',11)

Htf ' It It t

TH 1)(1' rf 'fiat'
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`). Connect outlet of capillary tube to inlet of evaporator

i. Install new compressor motor

Install new liquid line filter-drier

k. Triple evacuate

I. Cha ge with refrigerant

10 Performance skills evaluated to the satisfaction of the instructor

4.

ACP II 143-E
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TROUBLESHOOTING DOMESTIC REFRIGERATORS
UNIT V

UNIT OBJECTIVE

After completion of this unit, the student should be able to define troubleshoothig and
list the steps in systematic troubleshooting, and preliminary checks to make when
troubleshooting domestic refrigerators. The student should also be able to discuss the steps
in checking a nonoperative compressor motor and the procedure in troubleshooting a
frost Free refrigerator and diagnose refrigerator complaints This knowledge will he
evidenced through demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

Attu the completion of this unit the student should be able to

1 Define troubleshooting

2. List the seven steps in. a systematic approach to troubleshooting

3 List the six preliminary checks to be made when troubles' toting a
refrigerator.

4. Discuss the steps in checking a nonoperative compressor motor.

5 Discuss the procedure in troubleshooting a frost-free refrigerator.

6 Demonstrate the ability to diagnose refrigerator complaints.
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TROUBLESHOOTING DOMESTIC REFRIGERATORS
UNIT V

SUGGESTED ACTIVITIES

I. Instructor.

A. 3 rov;de student with objective sheet.

B. Prov;de student with information and assignment sheets.

C. D -iiss unit and specific objectives.

D Discuss information and assignment sheets.

E Design teaching aids to motivate the learning of troubleshooting, suer
flumes like concentration or bingo.

F Have students review previous units of instruction such as motors, relays,
capacitors, mechanical servicm_g,_defrost and component replacement.

G Give test

II Student'

A. Read objective sheet.

B Study information sheet

C Complete assignment sheets.

D Review previous units.

E. Practice troubleshooting techniques

F Take test.

INSTRUCTIONAL MATERIALS

I Incfncie0 in this unit'

A Objective shoot

B Information sheets

C AcsHnment Sheet "!--1- Diagnose Refrigerator Complaints
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D. Ansvvers ,o assignment sheet

E Test

F Ansvbirs to test

II. Req,rence Re f, werdtion, Art I. Benton Harbor, Michigan. 1Nhirlpooi Corp. 1974

,, U..J,....., i
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TROUBLESrlUt,,71` D(YlESTIC RF FRI(;f- PATORS
UNIT V

HFOR"^ATIM: SHEET

I Trou:1,,,,,,()tm,,, aooroach in detPrmintry; causec of 41:anmPnt

t3(lur.,

li SIt':)S I:1 SVSton1itIC to troul)k-,1-lootm,1

A Kn,),-

B Ta: tU the cusTomr-

L. 01)3:3,r. thp orp,..1,1M1P111

in--,1)Lct the equi,,vnpnt

E posy:de, causes

F Rncortl n cc,nclusmn

G Test yo.. uonclueanq

clock, to be mis,dc .;\/hen troithleshootmq a refrigerator

A. S,),;(1,1' VOit 300 ncil;

B C",r 'oior

r:on

apPrair

, lo.a;)(1

D

.()TE T-, ',I:mold be cleaned or cry tctrig('ra'w inn 1

,,crumuldtion On Pyaooratoo

000't itt:)11

IV ri:,31,:nr1 d rlon0:)(-,:t:%1' compncsor motor

13 f*oln oovrr sou rrn

fi P, " ,,)tr.; 51,1( ClitliMmonk

Cr

6
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SHEET

(±, ."

(± t.t
3y

4 OCK ',I It C..-C,) IC. TO;

C11. ( 'I ' "1 I

-snr'n;, t, dm; has no hum'

1

I

C' ;rat; 0..ndirri

in ,,,n,hriti

t,'N)

cuirplessoi 'color dome IS hot allOw time to cool and
'no:oi intlinits.1

but start

-Coi, :in-,- motor stick

ii.syrse iotatiori

St iIt CapdC1t01 III circuit

1), syste, then to. to Start

rOir1,101J;Or

,OJT A comolaints about iriscfficient A

t'''' it'rr a rnaliiinction of the automatic defrost

,,t):1't

tint too bird,,

t')(,1t)t ;i it I ClAllptstAPtit`,

t t'1'1,1r
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INFORMATION SHEET

C Thermostat contacts not closing

1. CheCk thermostat setting

2. Check sensing element location

3 Rep.ace thermostat

D C ndenser needs cleaning

1 Remove all dust and dirt accumulation

2 Provide adequate air circulation around refrigerator

Frost accumulation on evaporator

1. Manually turn defrost timer into defrost cycle

(CAUTION Always turn the timer shaft in a clockwise direction.)

2. Check amperage

a. Correct amperage ,indicates defective timer

No amperage indicates:

1. Open heater

2 Open termination thermostat

3 Open ,timer contacts

4 Broken wire

(NOTE The termination switch will he open unk,',s fre--zer
compartment is clown to 20F Most termination .111 rrhostats open
at approximately 50 F and close at approximately 20 F

3 Pooldcf, di f,'Cuvr. components

1,1h tnoldn, Reoidce motor

,.voporr)P)r motor hot is nut runnel/1 ,) run
h) fr( dr110')I (,iri Hit ri ,c)nrlotr,(.r

imnilory,dr ',h,Or t

C't),/ _;,
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TROUBLESHOOTING DOMESTIC REFRIGERATORS
UNIT V

ASSIGNMENT SHEET DIAGNOSE REFRIGERATOR COMPLAINTS

Write in the cliagnqses and corrections for the following refrigerator complaints

1 Compi_ssor motor will not start or hum when co,'.nected to a start test cold.

t

2 Defrost timer must be turned manually to initiate and terminate the defrost
cycle

3. Amperage draw through the wire to the compressor motor start terminal
continues until the compressor motor cycles on overload.

4. Compressoi motor hums but won't start until the refrigerant is discharged.

5. No source voltage available w the refrigerator.

6 Freezer compartment has cooled down to 25°F and turning the defrost timer
shaft clockwise will not energize the defrost heater.

6 5 ,41
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7. Condense, du 'Hoc., CondonSf' 1rn5 0)0 <md thet-, 010 p<Itwr c,acks
stocked oo top of the r:tririerotor

9

N1,) air 1100. I1 100(1 PVciI)Or,ItOt is frOStIng

A chock indicot,s voltage available to Cie defrost healer hot no heat
he-

10 Co'nwi.`,`,'): 'nolo? onii hum vibe') Lonnoeted to the starting test cord
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ACR II 155-E

TROUBLESHOOTING DOMESTIC REFRIGERATORS
UNIT V

ANSWERS TO ASSIGNMENT SHEET

I. Motor winding is probably open,. If the comprrsor motor is equipped with an
internal overload allow the compressor motor to cool and recheck.

2. Defective defrost timer. Replace timer.
e

3. Stuck relay replace the relay.

4 A high side restriction is creating too much load On the compressor mo or.

/
5. Replacz. circuit fuse or reset circuit breaker and check refrigerator amperage draw.

6. Termination thermostat hes not reset. Allow freezer compartment to cool down

below 20"F and recheck.

* Clean the condenser and remove any objects from around the refrigerator which
restrict air flow.

8 Evaporator fan is not running.
'$

S. Defrost heater has an open circuit Replace defrost heater

10. Compressor motor is stuck. Attempt to start by reversing rotation or by adding

a start capacitor to the circuit.

0

4 ;

6 5 .
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TROUBLESHOOTING DOMESTIC REFRIGERATORS
UNIT V

1. Define trou oting.

TEST

NAME

a.

ACR II -- 157-E

Ai

2. List the seven steps in a systematic approach to troubleshooting.

b.

c.

d.

e.

9.

3. - List the six preliminary checks to be made when troubleshooting a refrigerator.

a.

b.

f.

0

4 Discuss the steps in checking a nonoperkive compressor motor.

4
a.

b.

i

r

.t,
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3

4

5

1

L

3

1

1))

5 11)1,,cov, f, Or( ,-0(131IP 111 tt 3 Rust trre refritierotor'

`,013I ( VON IT'

1)

2)

t) Conr)ros,,( motnr ,(rnt-widcip ton trill

1)

4)
A

1-11H1111)'1(lt I onhicts not cloyful

1)

1'r-.
)



d. Condenser needs cleaning

1)

2)

e. Frost accumulation on evaporator

1)

2)

a)

b)

1)

2)

3)

4)

ACR h 159-E

3)

f. Inoperative fan motors

6. Demonstrate the ability to diagnose domestic refrigerator complaints

(NOTE If this activity has not been accomplished prior to the test, ask your
instructor when it should be completed )

65.
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a

e. Frost accumulation on 'evaporator

I ly turn defrost timer into deft ost cycle

2) Check amperage

a) Correct amperage indicates defective timer

))) No amperage ,,,cricates-

( 1 Open heater

(2) Open termination thermostat

(3) 9pen timer contaOts

(4) Broken' wire .

3) Replace, defective components

Inoperative fan m6tmc Replace motor

6 Evaluated to the satisfaction of the instructor
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Ii..)0"lr ',CT REFRIGERATOR id 1\.1AKERS
Ur\d-T, VI

OBJECTIVE

After completion of this unit, the student should he able to match terms associated vith
domestic refrigerator ice mkers, identify three types of ice makers, wiring diagrams, ice

parts, ind niatch Ice r laker orbblems to checks and remedies The student should
also he able to discuss the operation of ice makers and repair ice n l<ers This Hoviledge
will be evidenced through demonstration and by scoring eight -five percent on the unit
test

SPECIFIC OBJECTIVES

`ter completion of this unit, the student iould be able to
44*

1 Match terms associated with domestic refrigerator i, e makers to the correct
definitions or descriptions

2 Identify three types of ice makers

3 Identify the pictorial and schematic i.viring diagrams for each of the three
types of ice makers

9

Discus_ t,(: operation or the c,escent shaped cube ice rr:il C'

I dent. y tee Harts of a crest (int shaped r ime ice nia Ler

',itch the problems of the crescent shaped cube ice Mdker tr) 1 Li,

and remedies

Discos,' the op' ration of the five cavity ice

Irieht:f; In carts of the five cavity iri;i malrei

7.'atr,ii the iitohler if the five cavity to the corpir
or checks

Ho flex tray it'

11 proLl!i'l'_ of th' IIe triiy r f) tl t' ( ')tn to

1

*
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13. Demolish ite ti, ability to

I estail a refrigerator eoHipped with an ice maker

b. Disassemble acid clean d water fill valve

c Replace thermosta' in a crescent shaped cube ice ma I.., r.

d Replace mold seal, bearing, and retainer in a five cavity ice maker.

c Aditist water valve switch in a flex tray ice maker.

f Replace mold 11( Ater in a crescent shaped cube ice maker.



AOR H 167-E1

DWIESTIC REF fdGERATOR ICE MAKERS
UNIT VI

SUGGESTED ACTIVITIES

I Instructor

A Provide sti_ident v,fith objective sheet.

B. Provide student vvith information and job sheets

C Make transparencies

D Discuss unit and specific objectives.

Discuss information sheets.

Demonstrate and discuss the procedures outlined in the job sheets

G Obtain ice makers for demonstration and practice

H Make test cords for operating ice makers.

Give test

II Student

Read objective shet

R Study it s:leets

C to job s,oets'

TJI:e t:

I NSIR UCTICA L MATERL.

In forp-,,tif

r.C1'0,11t;111-\, 11,1`001',

q
Tr\1 ,"p.rii,11 i.nt

C'C I's,
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111 3 \,Ntr lug Didirde.,, ire i11,11,er

1 7' 4 1." qinq D 1,1c1!1-,', Ff''< fr,ly c 11,e,

5 1'1 5 cut Sloped Cube Ice ",111,er

T".'! C (,rt-it Yldued Cube ice `1,1,11,e, (Cuottilue

7 T. T, 7 C'ecrit Sfciped Cube 1(e ",1,11,r2r (Count- uecn

ID 8 Cre,-A,ent r-1'',,lued Cube Ice -,`"Liker (Cont,uueul

'F'1 9 Cre,,cyco, Sbdood Cube Ice r,.,1,3kor Continued

10 1"1 10 rfte5coit di):2(1 Cube Ice "Jake! Contirl,e(r'

1 11 ute :-).,.1;,ed Cube Ice 1\1,11,,f r (Cont'uue(1'

' 17 2,1 :ift.H Cube lc(' ^Adt.et (Cont,!'de(l

13 f) .r", '..)duped Cube 1(A;

1 14 15 ,,f Five CAity Ice f\11,iket

1E; V,1v, and Compon,nts

it Irr,t,111 i 1--q!frici( ra(or Lquq)ped c.ith ,in

fut- :=:-2 Dr, i,op,f)If 1:Voter F:11

, ii Cur in

J ;; '101ri Sr Ei1,1, 1,0 Rchliu,- 1-1p?

ct "1,; 1

J , ,"\f1H.! ,1rt ilvo 1, 1r fir Frio I( 1i -r

C 1-1,, ,, k: (Jibe

107',

f HI. 1 7 1 411,1

':t :1 ,1)1 III')

1,)
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RAT'-,)E- ICE
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Fe)RrN.1ATILY,,

-) I f n 1'))1(1) 1(1 `0.VII.0 I I(, 11» I 1 1 ally closer] pnsolou

(7-0 IT If te( 1)10 is full, preventug shut off to I Dv,er, the

,,nut off .,.vo( ol!' not return to the mormillv open posrtr?)il dnOther

ycle c.,111 cot berpn

V Paw, ent -,11,ed cube ice makalTrdrispdrency 13)

A Front cover

B

C ",otor

D sv,,itch

ti

E Holding y.vitch se i

F. T,' -ung cam

Thercw),,t cl,inp

TIern()-,t,it

L,-".yer arn-,

o'f soring

K c;10,11ort I

L off s,..\-,tch

t

r) %W1, !)(,))10)

P

) Lj)_
I

. H !

Hitk.2 011t

Y.
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SOFET

\, I Crescent t 1jL i ft, checks, ointi remedies

I'- 'On rot,' t

to lowest position

101 V )t,if.: tc ice maker

fro i.ot te-i(er,iture, should be 1 d or less

1 Stdrt flotcU "1LdIiV { Figure 1)

5

F

t motnr runs ititer niiinudf stir t, check

TE, Vii"rich hid), ilit] continuity checks be sine Ice indker is

pnriectod rom source )

TH,rmost,tt Cr -mtriihrty.

corium "C" to "NC" of holding switch

rt- [ jectoi sitould he in the stdrtmg positikip
this '

Coptitibity "C t ",NO" on shot off switch

tf Operittion of ri.otor with test cord
.64

/

C0/11p11/1'' y;

1'J,1(1," -,11,1,1)0(1 .1t 10 Or Int k posltion

Cmf.,k sr,:itc;

clt iprf it 1,
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FOR'%1ATIn'. SHEET

f-;hn(Iip hontiniptv betvseen C and " \:0"

R..,;)lact s\ itch, if open

+lector blades stopped dt 12 cAtl()ck Po3Ition

L cuk.s..ut off s.,it.7:cli

b Should lldve continuity hetvveen "C" and "NC"

Replace if open

3 EIeS to iloes stopped at 4 o'clo(d. positio

Check, nedler a .d illermostat for 'continuity

Ilk Replace open component

ACR II 173-E

(NuTE If the ejector lades mil not stop at end of. cycle the
holding svIch Iy defectiv

Under s.zed ice cubes

1 Check mold for level

2 Dia' screen. \id LPr valve

3 Adju,t e.a-ter valve svvitch .

4 Check bond bef%veen thermostat and mbld

5 'Cc!, for colrosion at s,Acile vak:e

Sfli from It

Check mold for level

2 Check for betvveen fill tube' and ,vater Inlet

Chock ,.,,ater valve for lealong .Tier through valve
e'en; zed

E 1 '.'dtoi fails to enter mull

1 Cl pct, freezer tcmperdture

c dter supply co.hponphts

Ck.eck fill tube for ice blockage

dive for seep,,fje

nUt
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5

INFO SHEET

Choc!, till tube heritcr for continuity

riveTF \int aH retingeratoriP are ecit

'ziiiiiter \hike soloroid for coniringity

fill tube

Vino, the pliinier ut Oh me oriate r valve s /itch, check for
t-, rind NC

VII iiior rat or, (it tue t'V° PJVhI ; ice milkier

enters we '1,11 (!r

`'fatPt trer.zer, in time 'TWA

C ice in IL " f oit (11,9;S at 16 F

1) [ 0 a open iiuritiri freezing (Figure I)

E: Wit iRF 1

n
1

Then ,ostrit r losing completes circuit to motor and 0101(1 heatr!

f 'Intor stifl Ii tn IL' IS loosened by the heater

go.
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a

INFORVATION SHEET1
..

G. Carr rotates closing leaf switch -:---1 (Figure 2)

(NOTE The closing of switch =1 bypasses the thermostat and the motor
operates regardless of the rosition of the thermostat.)

Cubes are raised from the niold

I Cubes are swept into the bin by the rake assembly

J. Cam rotates closing leaf switch 2 (Figure 3)

FIGURE 3

p r
1, 1

67i

t
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S

INFORMATION SHEET

K. After approximately six seconds switch tr-2 opens (Figure 4)

FIGURE 4
I n

r r

L The actuator leaf falls into open area on the cam terminating the cycle
(Figure 5)

.0
FIGURE 5 0 0

dC 3

VIII. Parts of the five cavity ice maker (Transparency 14)

A. Mechanism cover

B Power cord

C. Test receptacles

.D. Terminal shield

E Feeler am

F Mold shield

G Fill c:u

fl...1 ,

10

r



INFORMATION SHEgT

H. RakiA link arm

Rake spring

J Rake interlock

K Rake pivot

L Rake assembly

M. Ejection pad

N. Mold bracket

0. Seal assembly

P. Mold assembly

0. Qperating thermostat
. -

R. On' Off lever

S Plate

T. Thermostat clip

U. Actuator rod

V Actuator assembly

W. Actuator spring

X. Rake fulcrum

Y. FReler arm sWitch

Z. Leaf switch

AA. SN,vitch insulator

BB. Motor assembly

CC. Pivot epririg

DD. Pivot stud

FE. Feeler arm and rake lever

FF. Cam assembly

GG Rod rake connector

po.

MO,

ACR II 177 -E
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4. C-

INciff-01/010`', SHEFT

Fit-1 Fiettcr It'V,:t

!I 5110111(ku screw

r\lold ;PI

KK Elector i }Li

LE Finned du( t

MM 0q,rfrost,it

!X Five cavity ice maker °Mien's, checks, rnd remedies

A Not_ !flawing ice

1 No ,,ouree voltagc to ice maker

2 Manual svotch turned otf

3 Cricck for adequate water supply

Feeler arm not down

5 - Fee1,21 arm svuitch defective or out of adjustment

6 Sdfery, thermostat open

/ Operating thermostat open -check freezer temperature

0 eaf .;Aatch broken or out of adjustment

9 Defective 'A/titer valve solenoid

10 1,--)ofe( tiv, motor

rn, too much ice

1 Feeler ,,nn broken

Feeler arm sentciJ defective or out of adjustment

C (Amtfilis

y

Coo,, not erecting Properly

to,;, too IITIq

r I
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INFORMATION SHEET

4 Fill tube out of place

5. Leaking ejector rod seal

6 Ice maker not level

7. Thermostat stuck closed

8. Leaf switch contacts stuck closed

D. Will not eject cubes

1 Stuck ejector rod

2. Broken shoulder screw

3. Broken ; ake asse4:thly

E. INi1,1 not fill with water

1. D .fective water valve solenoid

2. Bent leaf switch

3. Restricted water supply

4. Plugged water valve screen

5. Ice in fill tube

.6. Loose or broken wire

F. Cube: too small

1. Water fill time to short

2. Low water 'pressure

3. Partially- restricted water valve screen

4 Check for con osion at saddle valve

X Operation of the flex tray ice maker

A. Water enters ice tray

B Water freezes in tray

C. Ice maker thermostat closes at 15°F

D. Thermostat moves a lever arm which actuates motor switch
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INFORMATION SHEET

E Motor starts aiming, gear mechanism

F. Sensor arm movec down into cube storage bin

(NOTE If the storage bin is full the cy'cle will stop. If the storage bin
is not full the arm lvIIt return to its origii al position and the cycle will
continue 1

C.; Cube tray begins to rotate

H At approximately 180 degrees one corner of the tray contacts a stop

SI- aft continues to turn twisting the tray

J 1 ray stop is retracted

K Tray is rapidly released from its twisted position shaking the cubes into
the storage bin

L Tray con tit is to turn until it has completed a 36C degree revolution

M Water fill s ,tch is energized

XI Flex tray ice maker problems, checks, and remedies

A Ice maker will not start

1. Check freezer temperature, should be 15°F or less

2 Check positron of sensor arm

3 Defective sensing element

4 Defective motor control switch

5 Check wiring and connector plug

B Cubes stuck together in storage bin

.r.N 1 FAezer temi/eratu re control set to high

2 Defective sensing element

3 Broken sensing element spring

Broken spring on motor switch actuator

C. Water spill, from mold

1 Check mold for level

2 (The( k, omen r of water fill tube
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INFORMATION SHEET

ACR II - 181:"E

3. Che-ek for leaky water valve

4 Adjust water fill switcl,

5 Cubes not being ejected

D Water fails to enter ice tray

`10 1 Check fpr restriction in water line and valve filter-scree

2 Check for ice in fill tube

3. Check ,vater valve solenoid for or.ln circuit

4. Cheek water valve switch

5 Check 'wiring and connector plug

E. Makes too much ice

1. Check actuator sensor arm

2 Check for p.n of switch actuator to be in groove of final stage
irning gear

F. Undersized ice cubes

1. Check moll for level

2. Check 'for' restrictions in water supply

3. Adjust water fill switch

4. Check for corrot,ion at saddle valve

XII. Water valves and components (transparency 15)

A. Saddle valve

(NOTE The saddle valvet is or. the supply water line.)

B. Fill valve

1 Filter screen

2. Flow washer

3. Solenoid coil

4 Valve body
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INFORMATION SHEET

5

6 /1rnicitc re

7 Sonrig

8

G

.0
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ti

Ice Makers

Crescent Shaped

Cube Ice Maker

Flex Tr'ay Ice Maker

I

MF

Five Cavity Ice Make

6 (,)
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.Wiring Diagrams
,Crescent Shaped Cube Ice Maker

Mounting Plate

Water
Valve
Switch

Motor

Holding
Switch

Orange

Mold Support

Orange .

White

Black

z Off
0 0 Switch

Splice

Black
Orange

Receptacle (To Cabinet Wu

a

Shut-Off Switch

Water Solenoid Switch

Schematic
115 Volts . ,

Thermostgt. 60 Cie

Mold Heater

--- -"UM
0, 1

Motor

gs
,

Water Solenoid

Holding Switch

Blue Thermostat

a

TM 2



Wiring Diagrams
Five Cavity Ice Maker

Pictorial

Brown

Blue

Brown

Black
Feeler
Arm
Switch

<3

ACR II - 187-E

Orange

Black

To Motor

White

Safety Thermostat

Operating Thermostat
1

Leaf Switch

Schematic

Brown

Blue

(Black)

Brown

White

t 1 Switch

Mold Heater

Test Receptacles
(White)

Power Cord Plug

Orange

# 2 Switch

I

13011
Or "\' 17511

Blue ; Black

Safety Feeler Arm
Thermostat Switch

Black

'.0
S T. Test
Receptacle

6 g 2

Operating
Thermostat

White .

0. T. Test
Receptacle

.4 I/

Motor

5541

Mold Heater

TM 3

1



Wiring Diagrams

Flex Tray Ice Maker

Water Valve Switch

)

Pictoral

Motor Switch

Black

Motor

..,_ .'
Black

N.
\....

Red

Red

White 71VirT,1

Receptacle (To Cabinet Wiring)

Ground To Motor
9 Mounting Plate

!

Green

Schematic

Ar--- Water Valve Switch

E.-----r13ed;
!

Receptacle (To Cabinet Wiring)

Green
!

ie-
11-4 -F

Lt._ ! kl White]
Motor

i Red

Black

lotor Switch

\CR II 189-E
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Crescent Shaped Cube Ice Maker

Shut-Off Switch

115 Volts
60 Cycle
.0 .....
Thermostat

Water Solenoid Switch"---1

Water Solenoid
1.__

Holding Switch

Ice

I

Circuit At Start Of Ejection Cycle

Mold Heater

O

TM 5
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Crescent Shaped Cube Ice Maker
(Continued)

Shut-Off Sw tch

115 Volts
60 Cycle

Thermostat

A

Water Solenoid Switch-__

Water Solenoid
MD

Holding Switch

Motor

Mold Heater

Circuit After Holding Switch Is Contacted By Cam

TM 6
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Crescent Shaped Cube Ice Maker
(Continued)

Shut-Off Switch

Water Solenoid Switch

Water Solenoid

or

115 Volts
60 Cycle

1 )
Thermostat

Holding Switch

Mold Heater

Circuit When Ejector Blades Contact Ice

686 TM 7



Crescent Shaped Cube Ice Maker
(Continued)

Shut-Off Switch

115 Volts
60 Cycle

Water Solenoid Switch

Water Solenoid

Holding Switch

Mold Heater

Circuit When Cam Closes Water Valve Switch

Ai -

TM 8
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Crescent Shaped Cube Ice Maker
(Continued)

Shut-Off Switch

115 Volts
60 Cycle

___...i
Thermostat

4+

Water Solenoid Switch -r-----?_

Water Solenoid

/
Holding Switch

Circuit At End Of First Revolution

Mold Heater
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Crescent Shaped Cube Ice Maker
(Continued)

Shut-Off Switch

Water Solenoid Switch

Water Solenoid

115 Volts
60 Cycle

)/ N
Thermostat

Motor

/
Holding Switch

J

Mold Heater

Circuit At Start Of Second Revoliition

6.9;)
TM 10
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Crescent Shaped Cube Ice Maker
(Continued

Shut-Off Switch

Water Solenoid Switch

F--/Water Solenoid --

115 Volts
60 Cycle, __ 4,

Thermostat

Ig
\

-10660\-

t

Holding Switch

Circuit When Thermostat Opens

630

Mold Heater

TM 11
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Crescent haped Cube Ice Maker
I (Continued

ShutOff Switch

Water Solenoid Switch

Water Solenoid

115 Volts
60 Cycle

c0
Holding Switch

Water

Circuit During Water Fill

691

Mold Heater

TM 12



Parts Of The Crescent Shape Cube ice Maker
Bearing And Inlet

Ejector Ice Stripper

Shut-Off Arm

Mold

Support
Lever Arm

Shut-Off Arm Spring

Shut-Off Switch
Water Valve Switch

Timing Cam
Mounting Plate

Motor/

Mold Heater

Thermostat

1

Front Cover

-.
Thermostat Clamp

Holding Switch

69



Fill Cup

Pa rts4f The Five Cavi* Ice Maker
Rake Spring ,

terminal Shield
Feeler Arm

-'-----'--------------____-_____7_

Retainer

Pin
Rake
Interlock

yi

(ft. -.1, Rake Pivot

Rake Link Arm a Pad Screw

Ejection Pad 71

Mold 'Bracket

Retainer Washer
Bearing

--""--R al( e Asm.

Mold Heater

Mold Asm.'"Ir

Set Screw

0.0" Ring

Test Receptacle

Mold Shield

On/Off Lever

Plate Actuator Rod
Actuator Asm.

1,71

,....-Feeler Arm
Switch

sApertiunagtor

Rake Fulcrum

Leaf Switch
)

1 hermostat
Clip '4ci Motor Mtg.

Bolt
Safety Thermostati

Heater Clamp

Ejector Rod

69-1

Bearing

Operating
Thermostat

'"7-:"-,-

,L-4---Power Cord
6,-o-----4,--v Mechanism'

Cover
Switch Insulator

Spacer

Rod-Rake Connector

Finned Duct
Ejector Lever Arm Shoulder Screw

Pivot Spring
Pivot Stud

Motor Asm.

Feeler Arm And Rake Lever

Cam Asm.

69J
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ACR II 211-E

Water, Valves And Components

Fill Valve

v

Flow Washer .

1.

s,_)

Filter Screen

696

,

Fill Valve Body

r

Spring

Armature
Diaphragm.43,

Saddle

Valve

I

TM 15
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ACR II 213-E
1

DOMESTIC REFRIGERATOR ICE MAKERS
UNIT VI

JOB SHEET ttl- INST"\LL A REFRIGERATOR EQUIPPED WITH AN ICE MAKER

I. Tools and materials

A. Refrigerator equipped with an ice maker

B Rr:l of 1/4" o.d copper tubing

C. Water line saddle valve

D. Two open end wrenches

'E. 3/8" drill motor

F. 5/32" and 3/8" drill bit

G. Standard slot type screwdriver

H. Slip grodve pliers

I. Tubing cutter

II. Procedure

/

A. Place refrigerator in proper location

B. Level ice maker

C. Locate cold water supply line

(NOTE: This line is often most accessible underneath the kitchen sink.)

D. Shut off water

E. Open a faucet to drain water line

F. Drill a 5/32" hole in water line

(NOTE: Some saddle valves are self- tapping when placed on a copper water
line.)

0



JOB SHEET #1

. G Place saddle valve on water line (Figure 1)

Supply Water Line

Con ipression Sleeve

Compression Nut

H. Be sure that the inlet of valve is securely in hole in water line

I Check to see that the gasket is in place

J. Measure distance from water supply to water fill valve

K. Add an additional four feet of tubing to be looped behind the refrigerator

(NOTE: If the tubing is to be run through the hottom of the kitchen
cabinets drill a 3/8" hole for the tubing to go through.)

L. Connect tubing to saddle valve

M. Make three or four loops in tubing behind refrigerator (Figure 2)
i.,

(NOTE The loops in the tubing allow the refrigerator to be moved out
for cleaning or repair.)

Rubber Spacers

69,

ta

Ice Maker Water Fill Valve

1
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JOB SHEET 41

N. Close valve stem on saddle valve

O Turn on main water supply

P Close faucet that was opened to draip water line

O Place a container at the end of the water line

R Open valve stem on saddle

S Allow a small amount of water to run through the line to flush it

T. Close salve stern on saddle valve

U Remove any panels that may he necessary to gain entrance to -water fill
valve

V. Cuinect water line to fill valve

W Turn on saddle valve

X Check for water leaks

Y Replace any panels that were removed

Z. Have instructor check installation

AA Clean up and put away tools and materials
ti

69J
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DOMESTIC REFRIGERATOR ICE MAKERS
UNIT VI

JOB SHEET #2 -DISASSEMBLE AND CLEAN A WATER FILL VALVE

I. Tools and materials

A. Fill valve

B. Phillips screwdriver

C. Standard slot type screwdriver

D Pocket screwdriver

II. Procedure

A. Use a pocket screwdriver to remove filter screen and flow washer

B Remove solenoid

C. Rerrove plate from top of valve ,

D. Remove guide, spring, armature and diaphragm

(NOTE: The diaphragm may be slightly stuck to the body of the valve.
Do not use a sharp object to pry loose, because this may damage it.)

E. Wash the body, diaphragm, armature, filter screen and flow washer under
running water

F. Hold the diaphragm up to the light to be sure that the two small holes
at the sides of the diaphragm are clear

G. Reassemble valve

(CAUTION Be sure that the diaphragm fits down into the groove in the
valve body If it does not fit properly water will flood the ice compartment.)

H. Have instructor check

I Clean up and put away tools and materials

7ui_,
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DOMESTIC REFRIGERATOR ICE MAKERS
UNIT VI

JOB SHEET =3- REPLACE THERMOSTAT IN A CRESCENT
SHAPED CUBE ICE MAKER

I Tools and materials

A , Crescent shaped cube ice maker

B Sta idard slot type screwdriver

C Phillips screwdriver

D. Side cutters

E. Wire connectors

F. Alumilastic

II. Procedure

(NOTE. Ice maker should be out of the refrigerator while this procedure is
being done.)

A. Remove front cover

B. Remove the screws that hold the mounting plate (Figure 1)

(NOTE: There are only three screws to remove as,shown in Figure 1. Do
not remove anything else from the mounting plate.)

FIGURE 1

,,,
Screw Mounting Holes --1.,-

C Move mounting plate and attached components out of the way

D Cut thermostat wires

E. Remove screw from thermostat clamp

F. Remove thermostat

791
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JOB SHEET

G. Clean off old alum' 'astir. from ice maker mold

H. Put alum' I astic on new thermostat

t Place thermostat in position

J. Replace thermostat clamp and screw

K. Connect thermostat wires

L Have instru;,tor check

M. Replace mounting' plate

N. Replace front cover

0. Clean up and put away tools and materials
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DOMESTIC REFRIGERATOR ICE MAKERS
UNIT VI

JOB SHEET ,-±-4 -REPLACE MOLD SEAL, BEARING,
AND RETAINER IN FIVE CAVITY ICE MAKER

(

I Tools and materials

A. Five cavity ice maker

B. Seal remover (Robinair #14368)

C. Retainer washer installation tool (Robinair t14173)

D. Standard slot type screwdriver

E. Phillips screwdriver

F Seal assembly

G. Retainer remover

H. Silicon lubricant

I. 9/16" box end wrench

J. 1/4" nutdriver

II. Procedure

-i

A CR II 221-E

(NOTE. Ice maker should be removed from the refrigerator when this procedure
is being performed.)

A. Remove mechanism cover

(NOTE. This cover is held on with two plastic plugs, one at the top and
one at the bottom.)

B. Remove terminal shield

C. Remove ejection pad screw

D. Rotate cam until the shoulder screw is at the 12 o'clock position

E. Remove shoulder screw

F. Remove pivot stud

G. Remove ejector lever arm from elector rod

H. Remove ejection pad

I. Slide ejector rod out of the bottom of the mold

/ 0:1
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JOB SHEET #4

J. Remove metal retainer washer from mold

(NOTE In order to remove this washer without damaging the mold, a
special tool is needed which is available from Rcbinair #14368)

K. Remove hearing and seal

L. Clean the recess in the mold and inspect

M Apply a small amount of silicon lubricant to bearing and seal recesses

N. Apply a small amount of silicon lubricant to shaft hole in mold, new bearing,
seal and the shaft of the installation tool

0. Place retainer washer, bearing, and seal on installer

(NOTE The retainer washer should be placed on the installer with the
"crowned" side against the shoulder of the tool.)

P Insert tool in mold and position the retainer washer in mold recess

0 Place thrust washer, thrust bearing and hex nut on installation tool (Figure
1)

FIGURE 1
Retainer Washer Installation Tool

Mold Assembly

Retainer Washer

Bearing

"0" Ring Seal

Thrust Washer

Bearing

aZ-4----Hex Nit

R. Seat retainer by Ahtening hex nut

9 1,
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JOB SHEET :---4

S Remove installer and inspect retainer washer

(NOTE If the retainer is property seated the washer will be flattened.)

T. Inspect ejector rod for rough spots

U Install a new bearing on ejector rod

V. Place a small amount of silicor, lubricant on ejector rod

W Insert ejector rod from bottom of mold

X. Put ejector rod all of the way down

Y. Place ejector pad in bottom of mold

Z. Check clearince between pad and side of mold

(NOTE: If the pad touches the side of the mold, remove the pad, rotate
it 180° and place it back in the bottom of mold and check Tor fit.)

AA. Tighten screw in the center of the pad

BB. Move rod up and down to check that pad doesn't bind on mold

CC. Insert ejector lever in slot of ejector rod

DD. Replace pivot stud

EE. Replace shoulder screw

FF. Replace terminal shield

GG. Replace mechanism cover

HH. Fill mold with water and check for leaks around ejector rod

II. Have instructor check

JJ Clean up and put away tools and materials

70,5
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DOMESTIC REFRIGERATOR ICE MAKERS
UNIT VI

JOB SHEET =5 ADJUST WATER VALVE SWITCH fN A FLEX TRAY ICE MAKER

I Tools and materials

A Flex tray ice maker in refrigerator

B Standard slot type screwdriver

C Container graduated in CC's, such as baby hottle or medicine bottle

I I Procedure

A, Manually start ice making cycle (Figure 1)

1. Push tray lock lever towards tray

2 Turn tray clockwise until gears engage

3 Cycle will continue once started

Switch Actuator Must Be Down
For Motor To Operate

Push Toward Tray Shaft To Unlock Tray

B Hold the container under fill spout

C Catch the water as it is dispensed towards the end of the cycle

D Check container, it should have 200 cc's of water in it

Remove plug on right hand side of ice maker

F insPr t ,,crewdriver into adjusting screw slot

7 9



226-E

*

,..

JOB SHEET =5

G. Turn adjusting screw one cooplete revolution changes the water simply
20 cc's (Figure 21

1 Clockwise decreases

2 Counter clockwise increases

FIGURE 2
Decrease

Incrqse-

Tray Stop

Water Fill Adjustment Screw

Switch Actuator

H Have instructor check

Tray Release

ts

I Clean ,ip and put away tools and materials

'7
,

9
'

ti



v. DOMESTIC REFRIGERATOR ICE MAKERS
UNIT VI

JOB SHEET =...-6 REPLACE MOLD HEATER .IN A CRESCENT
SHAPED CUBE ICE MAKER

J Tools .,no materials

A Crescent shaped cube ice maker

B. Mold heater

r,. Standard slot type screwdrive

D Phillips screwdriver

E. Side cutters

I I. Procedure

A Remove ice maker from refrigerator

ACR II - 227-E

ta.

B. I 'ow ice maker to warm-up to room temperature and then remove cover

(NOTE. If the ice maker is not at room temperature some of the plastic
parts may be damaged when attempting to remove them.)

C RPm-we ice stripper from side of mold

D Remove the three screws that hold the mounting plate

E Move, mounting plate and components out of the way
sai0'

F, Remove thermostat from mold

G. Cut mold heater its
VT

H Remove the four 1)Its that hold the mold to the support housing

Remove mold from support housing

(NOTE Be careful not to destroy the thermostat gasket )

J Pry thr old mold heater out the bottom of the mold

K r if the old alumilastic from the mold groove

70b)

I
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JOB SHEET =G

L Install new heater tiCing tt3t,iinct_ scrows (Figure 11

(NOTE Renlacei'iont h,aters are secured with screws which lire included
Yi.ith _the heater kit holes for the screws art, dolled there at the factory )

FIGURE 1
4

Flathead Retam ing Screws

1\1 Clean old alumilastic from mold thermostat recess and from thermostat

N Connect mold to sophort housing

(NOTE Be careful not to damage the thermostat gariket

O Put 'new alumilastic on thermostat

P Install thermostat and clamp

O Connect neiN heater wires

`R Replace mounting plate

S Tighten mountrm; I P screws

Replace ice stripper

U Have instruct: check

Replace ice maker in refrigerator

W Manually ,,tart ice maker into cycle

X Clean up and ptit away tools and fTldtCrldic



WINDOW AIR CONDITIONER REPAIR
UNIT II

INFORMATION SHEET

I. Terms and definitions

ACR II 39-F

A. E.E.R. (Energy Efficiency Ratio)--Ratio calculated by dividing the cooling
capacity in Btu/h by the power input in watts at any given set of rating
conditions, expressed in Btu/11 per watt

B. N.E.M.A. (National Electrical Manufacturer's Association)- -Sets voluntary
standards for motors and appliances

C. U.L. (Underwriter's Laboratories)--Tests air conditioners to see, that they
meet the electrical safety requiremerits of the American National Standard
for air conditioners

D. A.H.A.M. (Association of Home Appliance Manufacturers)--Certifies the
heating and cooling capacity ratings and electrical inputs of all air
conditioners bearing their seal .\

II. Window air conditioner data plate
I

A: Model nymbers,

B. Serial number

C. Refrigerant type and amount

D. F.L.A. (full load amperage)

E. L.R.A. (locked rotor arLoerage)

F. Wattage

G. E.E.R.

H. N.E.M.A. and /or 1...1.L. aporova;

I. Btu/h capacity

111. Compressor motor data plates

G

\

(NOTE: Th.: information provided on a i:ompressor motor data Plate will be
needed in ordering a replacement compressor motor.)

A. Location o1 data plate

1. ToR...of compressor motor

-2. Side of compressor motor

761



C.

3. Identify the pictorial and schematic \A, f diagram for each of the three types
of ice makers.

2

Brown ( Black

L f Blue:
Safety Thermostat

Arm
Switch

Brown

Black
Orange

leOperating Thermostat

Leaf Switch

a.

(White)

Mole Heater

Thermostst
115 Volts
60 Cycle-A- _

Shut Off Switch Mold Heater
71

To Motor to

White

MotorWater Solenoid

(Black) Water Solenoid

Test Recept?-les

Power Cord Plug

b.

Holding Switch

A
f- Water Valve Switch

Receptacle (To Cabinet Wiring)
I

r.----rReT1 . ,
Green 411-4 Motoi Switch

-1- X i V
1,,'

IT t tryhitel _±..
I ,

)r -Motor

Black-

1

C.

71 ,1



Moiniting Plate

Blue

d.

Water MotorValve
Switch

1ur ()I
4z Zi

ACR II 231-E

Mold Support

Orange

Shut-
Off
Switch

Splice

Holding
Switch

Mold Heater

Tan Thermostat

Receptacle (To Cabinetrring),
. °

Brown

White

'el

Orange

# 2 Switch

# 1 Swilitch f
13011 \

Or
, 175 A \\

I,- -1 Brown : : Blue r -7 Black , ,

I.............., .

Safety Feeler Arm 'Operating
\\

//
Thermostat Switch Thermostat

. . '__-
./ e `Motor

1.. Black White
551E

S. T Test 0 T. Test Mold Heater

Receptacle Receptacle

e.

7101.4
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0

Water Vilve Switch

Motor

Black
Motor Switch

Black Ground To Motor _

Mounting Plate

Red __A

Red
Green

White _
Receptacle 'To Cabinet Wiring)

4 opor,Ilion of the crescent sitaDect CLI he, ice maker

1 `:



J. Identify the parts of the crescert shaped cube ice maker.

ACR li 233-E

6. Match the problems of the crescent shaped cube ice maker on the left to the
remedy or check on the right.

a 1) Ejector blades stopped at 1. Undersized
ice cubes10 o'clock position

a) Check holding switch
b) Switch plunger depressed
c) Should have continuity

between "CH and NO
d) Replace switch it open

2) Ejector blades stopped at
12 o'clock position
a) Check shutoff switch
h) Should have continuity

between fiCu and "NC"
c) Replace if open

3) Ejector blades stopped at
4 o'clock position
a) Check heater and thermostat

for cont-iiiity
b) Replace the open component

714

2 Water fails
to enter mold

3. Ice maker
won't start

4. Ice maker fails
to complete cycle

5. Water spills
from mold



234-E

b. 1) Lower shut-off arm to lowest
position

2) Check for voltage to ice maker
3) Check freezer temperature,

should be 10'"F or less
4) Start motor manually
5) If motor runs afterf4Tnual

start, check.
a) Thermostat for continuity
b) 4ntinuity "C" to "NC" of

holding switch
c) Continuity "C" to "NO" on

shut-off switch
d) Operation of motor with

test cord

c. 1) Check mold for level
t) Check screen in water valve
3) Adjust water valve switch
4) Check bond between thermostat

and mold
5) Check for corrosion at saddle

valve

1) Check freezer temperature
2) Check water supply components
3) Check fill tube for ice blockage

a) Check water valve for seepage
b) Check fill tube heater

for continuity
4) Check water valve solenoid

for continuity
5) With the plunger out on the

water valve switch, Lheck for
continuity between "C" and "NC"

e. 1) Check mold for level
2) Check for leak between fill

tube and water inlet
3) Check water valve for leaking

water through valve when not
energized

4) Adjust miter switch

71rJ



7. Discuss the operation of the five cavity ice maker.

;

a

71C

;
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8. , Identify the parts of the five cavity ice maker.

d

b

as

71

cc



ACR II 237-E

9. Match the problem of the five cavity ice maker on the !eft to the remedy or
check on the right.

a. 1) Leaky water valve 1. Makes too
2) Cubes not ejecting properly much ice
3) Water fill time too long
4) Fill tube out of place 2. Will not
5) Leaking ejector rod seal eject cubes
6 Ice maker not level
7) Thermostat stuck closed 3. Not making ice
8) Leaf switch contacts stuck

closed 4. Will not fill
with water

b. 11 Water fill time too short
2) Low water pressure 5. Cubes too small
3). Partially restricted water

valve screen 6. Water overfills
4) Check for corrosion at

saddle valve

c. 1) Feeler arm broken
2) Feeler arm switch defective

or out of adjustment

d. 1) No source voltage to ice maker
2) Manual switch turned off
3) Check for adequate water supply
4) Feeler arm not down
5) Feeler arm switch defective or

out of adjustment
6) Safety thermostat open
7) Operating thermostat open- -check

freezer temperature
8) Leaf switch broken or out of

adjustment
9) Defective water valve solenoid

'10) Defective motor

e. 1) Stuck ejector rod
2) Broken shoulder screw
3) Broken rake assembly

f. 1) Defective water valve solenoid
2) Bent leaf switch
3) Restricted water supply
4) Plugged water valve screen
5) Ice in fill tube
6) Loose or broken wire

718
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10. Discuss the operation of the flex tray ice maker.

7 1 2)



d11. Match the problems of the flex tray ,ice maker
decks on the right.

a. 1) Check for restriction in water
line and valve filter-screen

2) Check for ice in fill tube
3) Check water valve solenoid

for open circuit
4) Check water valve switch
5) Check wiring and connector

plug

1) Check mold for level
Check for restrictions in
water supply

3) Adjust water fill switch
4) Check for corrosion at saddle

valve

2)

c. 1) Check mold for level
2) Check placement of water fill

tube
3) Check for leaky water valve
4) Adjust water fill switch
5) Cubes not being ejected

I

ACR II - 239-E

on the left to the' remedies and

A. 1) Check actuator sensor arm
2) Check for pin of switch actuator

to be in groove of final stage
timing gear

e. 1) Freezer temperature control
set to high

ic-2) Defective sensing element
3) Broken sensing element spring
4) Broken spring on motor switch

actuator

f. 1) Check freezer temperature;
should be 15°F or less

2) Check position of sensor arm
3) Defective sensing element
4) Defective motor control switch
5) Check wiring and connector plug

12. !c.Icritify the water valves and components.

a.

72x0

b.

1. Water spills
from mold

2 Makes too
much ice

3. Ice maker Will
not start

4. -- Water fails to
enter ice tray

5. Undersized
ice cubes

6. 'Cubes stuck
together in
storage bin



V

h.

e. ,f. g

13. Demonstrate the ability to:,

h.

e. Instail a refrigerator equipped with An ice maker.
r

b. Disassemble and clean a water fill valve.

c. Replace thermostat in a crescent shaped cube ice maker.

d. Replace mold seal, bearing, and retainer in five cavity ice maker.

e. Adjuct. water valve switch in a flex tray ice maker.

f. Replace mold heater in a crescent shaped cube ice maker.

(NOTE: If these activities have not been accomplished prior to the test, ask
your instructor when they should be completed.)

7°'
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AI

DOMESTIC REFRIGERATOR ICE MAKERS
UNIT VI .

. ANSWERS TO TEST

.-.

1. a 3

b 1,
c. 5

d. ,4
1

e. 2

2. a. Flex tray ice maker

b. Crescent shaped cube ice maker

c. Five cavity ice maker*
<

3. Pictorial, five avity ice maker

b. Schematic, crescent shaped cube ice maker
c

c. Schematic, flex tray ice maker

d. Pictorial, crescent shaped cube ice maker

e Schematic, five cavity ice maker

f. Pictorial, flex tray ice maker

4. a. Water enters ice maker
AIL

h. Water reezes in mold

*C Ice maker thermostat closes at 18°F

d. Circuit is completed to motor and mold heater

e. Motor starts, turning timing cam and ejector blades

f. Timing cam moves holding switch to normally opt,' position

g. Ejector blades reach the ice and apply pressure

h. Timing cam rases and lowers the shut off arm and switches the shut-off
switch to normally closed

/

I

o

ID

Ad,f3 II 241-E
.

i: Ice is loosened by the mold heater and is scooped out by ejector blades

742,
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5.

Timing cam closes +.vater valve .switch

k. Fi, r r-Nolution ends w ith ice resting on hlades

Thermostat .remain; closed

m Timiuti cam actuates holding switch to normally closed position

n Second revolution begins

o Timing cam again moves holding switch to the normally or 3n position

Shut -tiff arm Praises. and lowers slci tching shut-off switch to normally closed
poition

1-

(1 Ire :S dumped into storage bi,n
tr

Ice maker thermostat opens -50 °F

s. Mold heater is, disconnected

Timing cam closes water valve switdi

Water valve solenoid is 'energized

v. Water enters the' ice maker -mold

w timing cam actAls hording switch to normalry closed position'

a. Front cover

b. Mounting plate

MOtor

d. Water valve switch

e. Holding switch

Timing caiti

q. Thermostat clamp

h.

Lever arm

Shut off arm spring

k Support

Shut off switch ,

a



NCR II 243-E

m Gasket

n Shut oft arm

v.

p.

Mold heater

Mold

Ice stripper

s. Watei inlet

6 a 4

b. 3

c. 1

d 2

e. 5

7 Discussion should include'

a Water enters ice maker

.1) Water freezes in the nu d

Ice maker thermostat closes at 16 'F

d Le-,f switch contacts are open during frec sing

e Th-ri nos tc.t closing completes circuit to motor and mo'd hcioter

Iptc.ii stalls until the ice is loosened by the heater

Com rotates closing leas switch

h Cubes are raised from the mold

lies are swept into the bin by the pike assemble

Girn rotates closing I ed f switch titt2

k After ,ippr oximately six seconds switch =2 opens

i. The actuator Indi fails into open mi ''re cam terrain tt nit the CNA lo

724
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Toct rectl)tdcles

Ff,01..t aryl
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ACR II 245-E

bb. Motor assembly

cc. Pivot spring

dd. Pivot stud

ee. Feeler arrn and rake lever,

ff. Cam assembly

gg. Rod -rake connector

hh. Ejector lever arm

ii. Shoulder screw

jj. Mold heater

kk. Elector rod

II. Finned duct

mm. Safety thermostat

9. a. 6

b. 5

1

d 3

e 2

4

10 Discussion should include

3 Water enters ice tray

b. Water freezes in tray

c. Ice maker thermostat closes at i5 °F

d Thermostat moves a lever arm which actuates Motor switch

P. Motor starts turning gear mechanism

f. Sensor arm moves down into cube storage bin

g Cube tray begins to rotate

h. At approximately 180 degrees one corner of the tray contacts a stop

72 6

"I



i. Shafi continues to turn twisting the tray

l Tray stop is retracted

k. Tray 15 rabidly released from its twisted position shaking the cubes into
the storage, bin

I. Tray contiriues to turn until it has comnietod a 360 degree revolution

m Water fill switch is energized

11. a 4 d 2

b 5 e. 6

c 1 f 3

12. a Saddle valve

b. Filter screen

c Guide

d Flow washer

e. Diaphragm

1. Spring

g. Armature

h. Solenoid coil

Fill valve

13 Percormance skills evaluated to the satisfaction of the instructor



ACR II 1-F

FUNDAMENTALS OF WINDOW AIR CONDITIOAERS
UNIT I

UNIT OBJECTIVE

After completion of this unit, the student should be able to match terms associated with
window an conditioners to the correct definitions and discuss major components of window
air conditioners. The student should also be able to match wire size to their current carrying.
capacities and identify window air conditioner parts. This knowledge will be evidenced
through demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms associated with window air conditioners to the correct \

definitions.

2. List the five functions of a window air conditioner.

3. Identify window air conditioner cabinet parts.

4. Identify window air conditioner parts.

5. Match electrical receptacle design to the volt-amp requirements.

6. Match wire size lo current carrying capacity.

7 Identi fy parts of the window.

8 List seventeen steps in the procedure for installing a window air conditioner.

9 Discuss major components of window air conditioners.

10 Demonstrate the abiiiiy to install a window air conditioner.

`72)
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FUNDAMENTALS OF WINDOW AIR CONDITIONING
UNIT I

SUGGESTED ACTIVITIES

I. Instructor:

A. Provide student with objective sheet.

B. Provide student with information and job sheets.

C. Malv3 transparencies.

D. Discuss unit and specific objectives.

E. Discuss information sheet.

F. Demonstrate and discuss the procedures outlined in the job sheet.

G. Obtain several different brands of window air conditioners for shop Practice.

H. Give test.

Student

A. Read objective sheet.

B. Study information sheet.

C. Complete job sheet.

D. Take test.

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A. Objective sheet

B. Information sheet

C. Transparency masters

1. TM 1--Window Air Conditioner Cabinet Parts

2. TM 2- Window Air Conditioner Parts

3. ,TM 3-- Window Parts

4. TM 4 Major Electrical Components

7 21j



D. Job Sheet #1--Install a Window Air Conditioner

E. Test

F. Answers to test

II. References:

A. Refrigeration, Part II. Benton Harbor, Michigan: Whirlpool Corporation, -
1974.

B. Room Air Conditioner ,Installation, STM-65. Dayton, Ohio: Air Temp
D:psion/Chrysler Corporation.



FUNDAMENTALS OF WINDOW AIR CONDITIONERS
UNIT I

INFORMATION SHEET

I. Terms and `definitions

ACR II - 5-F

A. Window air conditioner--A refrigeration device which is placed in a window
or through the wall to control temperature, humidity,- cleanliness, and
movement of air in a limited space

I
B. Slinger ring--Metal ring on the outer edge of the condenser fan blatios which

picks up the condensate and sprays it across the condenser

C. Escutcheon--The decorative cover panel on the control panel

D. Condensation--Liquid which occurs when a gas or vapor is cooled below
its dew point

, E.. Sash--The portion of a double hung window which slides up and down

F. Caulking compound--A heavy paste used for sealing, a joint to make it air
or watertight

G. Air filter--Device for removing impurities from the air
°

II. Functions of a window air conditioner

A. Removes senzible heat from the room air

B. Lowers the humidity by removing moisture from the room air

C. Ventilates by providing means to introduce outside air into the room

D. Filters the room air as it passes through

E. Circulates the air in me room

Ill. Window air conditioner cabinet parts (Transparency 1)

(NOTE: There may be some slight variations to these parts by different
manufacturers.)

A. Cabinet

B. Sash angle gasket

C. Sash angle

D. Window seal

731



INFORMATION SHEET

E. Sash lock bracket

F. Side channel window

G. Side panel

H. Seal bottom of side panel

I. Side channel cabinet

J. Cabinet seal

K. Support bracket

L. Sill channel

M. Sill steal

IV. Window air conditioner parts (Transparency 2)

A. Compressor

B. Evaporator

C. Condenser

D. Blower motor

E. Motor mount grommets

F. Condenser fan

J. Evaporator fan

H. Filter

1. Front grille

J. Thermostat

K. Control switch

L. Dual capacitor

M. Compressor mount

N. Control panel

0. Control panel escutcheon

P. Power supply cord

7 r)



INFORMATION SHEET

V. Receptacle design and volt-amp requirements

A.

B.

C.

D.

E.

F.

--115 volt; 15 amp

--230 volt; 15 'amp

230/208 volt; 20 amp

ACR II - 7-F

(NOTE: This receptacle is qbsolete and is being replaced by the receptacle
under "D".)

-:23D/208 volt; 20 amp

--230/208 volt; 30 amp

230/208 volt; 30 amp

733



INFORMATION SHEET

VI. Wire sizes and current carrying capacities

(NOTE: An article of the National Electrical Code pertains to refrigeration
equipment. Refer to this section when in doubt of code requirements.)

A. 12 gauge! wire will carry 20 amps maximum

B. 10 gauge wire will carry 30 amps maximum

C. 8 gauge wire will carry 40 amps maximum

(NOTE: The above amperage ranges will cover most window air conditioner
applications. Some window air conditioners may draw less than 20 amps of
current but do not us:- any supply voltage wiring smaller than 12 gauge. If running
more than 50 feet of conductor check for voltage drop.)

VII. Parts of a window (Transparency 3)

(NOTE: These parts are for the common double hung window.)

A. Casing

B. Fr,:me

-C. Sash

D. S.;:

E. Apron

VIII. Procedure foi snsta:ling a window air conditioner

A. Attach side charnels to wiQdow casing

B. attach side channels to cabinet

C. Attach sill channel and seal to window sill

D. Attach sash angle and gasket to cabinet

E. Center cabinet in window

F. Attach cabinet to sill channel

G. Attach support bracket to cabinet

7



INFORMATIO SHEET

H. Cut filler panels 1/8 inch smaller than space (Figure 1)

(NOTE: Undercutting the panels enables them to slide in easier.)

FIGURE 1

Filler Panel

Air Corditioner Window Casing

ACR II -

L Slide side panel into channels

(NOTE: Before the side panels reach the window sill place thrbottom
seal on them.)

J. Lower sash

K. Install sash lock brackets (Figure 2)

FIGURE 2

4

L. Fasten cabinet sash angle to sash

M. Place window seal in place

N. Install cabinet seal
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9

INFORMATION SHEET I.

0. Check to see that the back of the cabinet tilts slightly downward

.1 (NOTE: Never have the back of the air conditioner higher than the front
because this would allow the condensate to run into the house.)

P. Caulk around outside of window

0.. Install front grille

IX. Major components of window air conditioners (Transparency 4)

A. Compressor

1. PSC (Permanent split capacitor)

2. No relay and start capacitor

Hard start kit

(NOTE: The addition of a starting relay and capacitor to a P.S.C. compressor
is referred to as a hard start kit.)

1. Potential relay

2. Start capacitor

C. Fari motor condenser sd evaporator

1. Double shaft

2. Two or three speed .

D. Dual run capacitor

1. Compressor

2. Fan

E. Thermostat

1. Line voltage

2. Cycle compressor only

F. Control switch

1. Orl/off switch for entire system

2. ,Fan speed selection switch,
. ,

rl
S

1
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i
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Window Air Conditioner

Cabinet Parts
______----=--v ndow Sea:

1-----
Sash Lock Bracket ..14"

Cabinet

Side Channe!
Cabinet

-4
g

Sash Angle

Sash Anale Gasket

Side Cnannel
Window

Support Bracket

Sill Channel

Seal Bottom of
Side Panel

Cabinet Seal

7 3 a



Window Air Conditioner Parts

Condenser Fan

Condenser

Compressor

Dual Capacitor

Blower Moto'.

Motor Mount Grommets

Evaporator Fan

Evaporator

Filter

Compressor Mount ,e
Power Supply Cord

Control Switch Thermostat
739 (7)

740

Control Panel

Front Grille

Control Panel Escutcheon



Window Parts

Casing

Frame

Sash

Sill

Apron

c

741



Major Electrical Components

Thermostat

Fan Motor

742

PSC Compressor

Dual Run Capacitor

Control Switch

Reiay Capacitor

Hard Start Kit
71I3



ACR IL 19-F

FUNDAMENTALS OF WINDOW AIR CONDITIONERS
UNIT I

JOB SHEET #'--INSTALL A WINDOW AIR CONDITIONER

I., Tools and materials

A. Standard slot type screwdriver

B. Scatch awl

C. Caulking gun

D. Caulking compound

E. Flexible tape measure

F. Hand saw

II. Procedure

A. Carefully uncrate air conditioner

B. Remove shipping bo'Its and brackets

C. Slide air conditioner out of cabinet

D. Locate window in which air conditioner is to be installed

E. Attach side channels to window casing

F. Attach side channels to cabinet

G. Attach sill channel and seal to window sill

H. Attach sash angle and gasket to cabinet

I. Center cabinet in window

J. Attach cabinet to sill channel

K. Attach support bracket to cabinet

714
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JOB SHEET =1

L. Cut tiller panels 1 13 inch smai ler than space (Figure 1)

(NOTE Undercutting the panels enables them to slide in easier.)

FIGURE 1

Filler Panel

Air Conditioner

M Slir le side panel into channels

Winc ow Casing

(NOTE Before the side panels roach the window sill place the bottom
seal on them )

N Lo,,ver sass

0. Install sash Ii)ck brackets (Figure 2)

f iGURE 2
Br acket

P F,,,,ir ' eaten t sash angle to sash

0 Place ,virido,, seal in place

P Slidis air rordit inner into eaniner

S in,,t all cao.npr ,-,0,,1

I7
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JOB SHEET #1

ACR
p

II - 21-F

T. Check to see that the back of the cabinet tilts slightly downward

(NOTE: Never have the back of the air conditioner higher than the front
because this would allow the condensate to run into the house.)

U. Caulk around outside of window

\. Install front grille

W. Plug in air conditioner

X. Turn on air conditioner

Y. Check operation

Z. Have instructor check

.AA. Clean up and put away tools and materials
/

r

.

.4.



FUNDAMENTALS OF WINDOW AIR CONDITIONERS
UNIT I

NAME

TEST

ACR II 23-F

1. Match the terms on the right to their correct definitions.

a. Liquid which occurs when a gas or vapor 1. Slinger ring
is tooled below its dew point

2. Window air
b. Metal ring on the outer edge of the x conditioner

condenser fan blades which picks up the
condensate and sprays it across the 3. Caulking
condenser Compound

c. The decorative covbr panel on the 4. Escutcheon
control panel

5. Condensation
a. A refrigeration device which is placed in

a window or through the wall to control 6. Air filter
temperature, hurn:dity, cleanliness, and
movement of air in a limited space 7. Sash

Device for removing impurities from the
air

f. The portion of a double hung window
which slides up and down

g. A heavy paste used for sealing a joint
to make it air or watertight

2. List the five functions of a window air conditioner.

a.

b.

c.

d.

e.

7 +7



3. Identify window air conditioner cabinet parts.

"a.

e.

d

k

4:*
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f.

c.

a.

.

a

ACR II 25-f

4. .Identify window .air conditioner parts.



*o

2B -FR

.5. Match the volt-amp requiret..ents on 'me right to the correct ateptaeles.

A. ..-
a.

b.

.c.

/
VI.

.

e.

f.

>

or

i

7;) Li

-..

.

r

1. 20/208 volt; 30 amp

2." 115 volt; 15 amp-

3. 230/208 volt; 20 amp

4. 230 volt; 15 amp

a

14,

I,

f



ACR II - 27-F

6. Match the wire size on the right to the correct current carrying capacity.

a. 40 amps

b. 20 amps
v

c. 30 amps

7 Identify parts of the window.

a.

b.

c

d

e.

1. 10 gauge

2. 12 gauge

3. 8 gauge

40,

8. List seventeen steps in the procedure of installing a window air conditioner.

a.

b. .-

C.

d.

e.

f.

g.

751
J
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i.

i
k.

I.

m.

n.

o.

P.

P.

Discuss major components of window air conditioners.

a. Compressor

1)

2)

b. Hard start kit

1)

2)

c. Fan motor

1)

2)

d. Dual run capacitor

1)

2)

e. Thermostat

1)

2)

f. Control switch

1)

2)

75 ..,,
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10. Demonstrate the ability to install a window sir conditioner.

(NOTE: If this activity has not been accomplished prior to the test, ask your
instructor when it should be completed.)

75
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ACR H 31-F
1

FUNDAMENTALS OF WINDOW AIR CONDITIONERS
UNIT I

ANSWERS TO TEST

1. a. 5 e. 6

b. 1 f. 7

c. 4 g. 3

d. 2

2. a. Removes sensible heat from the room -air

b. Lowers the humidity by removing. moisture from the room air

c. Veri'lates by providing means to introduce outside air into the room

d. Filters the room air as tit passes through

e. Circulates the air in the room

3. a. Cabinet

b. Sash angle gasket

c. Sash angle

ci. Window seal

e. Sash lock bracket

f. Side channel window

q. Side panel

h. Seal bottom of side panPI

i. Nde channel cabinet

l Cab let seal

Support bracket

I Sill channel

rn. SIN seal

7';
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4. a. Compressor

b. Evaporator

c. Condenser

d. Blower, mot

e. Motor mount grommets

f. Condenser fan

g. Evaporator fan

h. Filter

i. Front grille

I. thermostat

k. Control switch

I. Dual capacitor

rn. Compressor mount

n. Control panel

o Control panel escutcher-

p. Power supply cord

5. a 1 d. 4

b. 2 e. 3

c. 1
t. 3 -

. 6. a. 3

b 2

d. 1

7 a. Casing

. b. Frame'

c. Sash

d. Sill

e. Apron

.f



8. a Attach ,side channels window casing

iJ Attach

Attach slid Chdrlf,' and Se:11 to n.1,!ild(-),V sit

Attach sash antiln civil cialet to cabiner

e Center cabipet

Atia-h cabinet to sill channel

Affach support hr acket to cabinet

4111Pr panels 1 8 inch sma'ler than space

Sloe Sqie panelinto channels

Sash

ristaL SciSt ICC... brackets

F,i,'en cabinet sash aiyile to sash

P se:...! to :;ice

nti sea

,ck to Si( +ha* the tia.-a, a1 t ilnwt s

Cd :round outsrie of winciov,

, .1,

)t, Int

V11'5

StYTt

del .

Pty.- nnal

c,.

, f ; C{ 1,

75(9
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d. Dual run cap -icitor

C.crnore'sor

2 Fran

1"1ermostat

1) Lint, voltage

2 Cycle compressor only

f Control switch

Ontof' s vitch for entire system

2) Fan setz.:ction switch

10. Dpf tOtr11,-11;( '.k PValliated to the satisfaction of the instructor
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WINDOW AIR CONDITIONER REPAIR
UNIT II

UNIT OBJECTIVF

After completion of this unit, the student should be able to match terms to the correct
definitions, discuss data plates, identify schematic components, and match window air
conditioner problems to remedies and checks. -The student should also be abl^ to check
components, clean a c-Inclenser, replacea fan motor and install a hard start kit This
knowledge will be evidenced through demonstration and by scoring eighty-five percent
on the unit test.

SPECIFIC OBJECTIVES

After comoletion of this unit, the student should be able to'

Match terms associated with window air conditioning to the correct
definitions.

List the nine iternsof information given on a window air conditioner data
plate

3. Discuss compressor motor data plates.

1 Identify schematic components

5. Rlatch window ail conditioner problems to remedies and checks

6. Demonstrate the ability to

a Check control switch w,th an ohmmeter.

Clean a condenser.

Repiace fan motor

d Instal! a hard start kit
4
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WINDOW AIR CONDITIONER REPAIR
UNIT II

SUGGESTED ACTIVITIES

I. Instructor:

A. Provide student with objective sheet.

B. Provide student with information and job sheets.

C. Make transparency.

D. Discuss unit and specific objectives.

E. Discuss information sheet.

F. Demonstrate and discuss the procedures outlined in the job sheets.

G. Give test.

II. Student:

A. Read objective sheet.

B. Study information sheet.

C. Complete job sheets.

D. Take test.

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A. Objective sheet

B. information sheet

C. Transparency master:. TM 1--Window Air Conditioner 'Schematic

v D. Job sheets

1. Job Sheet #1--Check Control Switch with an Ohmmeter

2. Job Sheet #2- Clean a Condenser

7e'tJ
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3. Job Sheet #3--Replace a Fan Motor

4. Job Sheet #4 Install a Hard St 4ft Kit

E. Test

F. Answers to test

II. References:

A. Room Air ConditionEr In-Shop Service.
Division/Chrysler Corp.

B. Refrigeration, Part II. Benton Harbor,
,

STM74. Dayton, Ohio: Air Temp

Michigan: Whirlpool Corp., 1974.



WINDOW AIR CONDITIONER REPAIR
UNIT II

INFORMATION SHEET

I. Terms and definitions

ACR II - 39-F

A. E.E.R. (Energy Efficiency Ratio)--Ratio calculated by dividing the cooling
capacity in Btu /h by the power input in watts at any given set of rating
conditions, expressed in Btu /h per watt

B. N.E.M.A. (National Electrical Manufacturer's Association)- -Sets voluntary
standards for motors and appliances

C. U.L. (Underwriter's Laboratories)--Tests air conditioners to see that they
meet the electrical safety requiremerits of the American National Standard
for air conditioners

D. A.H.A.M. (Association of Home Appliance Manufacturers)--Certifies the
heating and cooling capacity ratings and electrical inputs of all air

. conditioners bearing their seal ,\

II. Window air conditioner data plate

i
A: Model nymber,

B. Serial number

C. Refrigerant type and amount

D.' F.L.A. (full load amperage)

E. L.R.A. (locked rotor an,nerage)

F. Wattage

G. E.E.R.

H. N.E.M.A. and/or J.L. aporova1

I. Btu/h capacity
L.

..
111. Compressor motor data plates

(NOTE: Ths: information provided on a compressor motor data Plate will be
needed in ordering a replacement compressor 'motor.)

A. Location of data plate

I. Topt_pf compressor motor

-2. Side of compressor motor
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INFORMATION SHEET

B. Information on data plate

1. Compressor motor model number

2. Compressor motor serial number

3. L.R A. (locked rotor amperage)

4 F.L.A. (full load amperage),

(ROTE: Not all manufacturers include this information on their
data plates.)

-. 'il

5. Voltage

6. Phase r

7. Cycle (hertz)

8. Horsepower

9. Letter codes

a. Motor manufacturer

h. Month and year of manufacture
. .,

c. Shitt

d. Plant

r

(NOTE. The information pertains only to the compressgr motor and the '

4 compressor motor manufacturer which is generally different than the
equipment manufacturer.)

IV. Schematic components (Transparency 1)

A. Control switch

B. Far) motor

-.

/

C Fan motor run capacitor'

D. Compressor motor run capacitor

(NOTE' These two capacitors are often encased ip' one container and are
referred to as a dual capacitor.) '':-

, .

E. Thermostat 1, f
F. Bimetal twerloail

G Compressor motor P S C.

$
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INFORMATION SHEET

V. Window air conditioner` problems, remedies: and checks
I

A. Air conditioner will not run

1. Check voltage at receptacle..

2. Replace fuse or reset circuit breaker

3. Chock voltage at control switch

B. Fan motor runs, but compressor motor won't

1. Check thermostat.

2. , Check compressor motor wiring

.3. Check run zapaditor

4. Check overload

Check for low voltage at compressor motor terminals

Check start capacitor

7. Check potential ,relay

(ROTE: The start capa for ail] potential relay will only exist if they have
been added .fOr hard starting problems.)

C. Air conditioner circuit protection device opens

1. Check .wiring

2. Cneck for shorted capacitor

5.

Check for stuck or grounded compressor.

Check thermostat for short cycling

Check compressor motor starting ability

4.1.

(NOTE: , If the compressor 'motor appears .hat to start a hard
start kit may' need to be added to the system.)

/
,---

J 6. Check stdrtFig andrunning amperage

4
7. Check size of circuit protection device-
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INFORMATION SHEET

D. Compressor motor short \cles

1 Check for low voltage

2. Oneck or sufficient flovii across condenser e.

3. Clean( condenser

4 Check location of thermostat sensing element

5. Check amperagle draw and overload

E. Air orditioner vibrates \Fr rattles

Check for sh:pPing bolts and blocks

Check for refrigerant lines against the cabinet

3. Check for loose panels or component.

4. Check fan' mak"alignment

5. Check Jr (Pose fan bodes or hubs

F. Water -leaks from air conditioner

1 Tit' hack of cabinet downward

Clean condensate drain

13 Check for leaking in evaporator drip pan

4. Check for ice on evaporator

Noisy fan

1. .Check for fan hitting shroud

2. Tinhten .fan hub on shaft

3. Check fan blades

4: Check fan mounting

. H. Air conditioner is not cooling properly

Chan air filter

2. C'ose outside lir intake

C:iikk for blocked condenser

condonsinr
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INFORMATION SHEET

5. Check to see that the compressor motor is running

6. Check refrigerant chard and pressures

I. Ice on evaporator

1. Clean air filter

2. Check fan motor operation

3. Check refrigerant pressures

4. Clean evaporator

5. Check thermostat setting

J. Compressor motor runs but fan won't

1. Check fan blade for binding

2. Check wiring

3. Check selector switch

4. Checic run capacitor

5. Check fan motor

765
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Window Air Conditioner Schematic,
L1

220 Vac
Neutral

_ _. ---I Med..___.----.4
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I
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N Hi h

I
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Fan Motor
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Bimetal
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r
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T
Fan Motor Run Capacitor
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I

I
i

Compressor Motor
R PSC

Run Capacitor Compresssor
fi Motor

e

s
.
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WINDOW AIR CONDITIONER REPAIR
UNIT II

JOB SHEET #1-- CHECK CONTROL SWITCH WITH AN OHMMETER

War

I. Tools and materials

A. Control switch

B. Ohmmeter

C. Window air conditioner

d. Sorewdriver

Long nose pliers

F. Mdtking "tape

II. Procedure

ACR II 47-F

(CAUTION: Never check a component with an ohmmeter when power is
applied.)

A. Mark control switch wires with masking tape

(NOTE: It is not recommended to use duct tape for this purpose as pencil
or pen markings will easily rub off of duct tape.)

Remove wires from switch

C. Remove switch from air conditioner

D. Place ohmmeter in the R x. 1 position

E. Zero ohmmeter

F. Attach one,ohmmeter lead to L1

13). Place switch in 'the "off" position

H. Touch the other ohmmeter lead to terminals (1, 2, 3, and 4) one at a
time

1. Watch meter when touching each terminal.

(NOTE: If the needle moves when touching any of the terminals the
ccmtkts are shorted and the switch must be discarded.)

J. Select the high fan position on the control stch
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JOB SHEET 7471

4

K. Touch unattached lead to terminals 1, 20; 3, and 4

(NOTE Continuity must orly be indicated between L1 and

L. Select the low fan position on the control switch

NI'. Touch unattached lead to terminals 1, 2, 3-, and 4

(NOTE Continuity n-ust only be indicated between L1 and

N Select the nigh cool position on the control switch

0. Touch the unattached lead to terminals 1, 2, 3, and 4

(NOTE Continuity must only be indicated between L1 and 44-2 and L1
and =-1.1

P. Sele(.t the normal cool position on the control sWitch

O Touch the unattached lead ti terminals 1, 2, 3, and 4

(NOTE , Continuity must only be indicated between L1 and -tt4 and L1
ancl`ttl.

R SPlect the low cool position on the control switch

S Touch the unattached lead to terminals 1, 2, 3, and 4

( NOT F Con Emu' ty must only be indicated between L1 and -t3 and L1
and = I-)

T Retilstall rontrol switch in air conditioner

,(NOTE If the switch was found to be defective in any of tl:e checks above
it should he replaced.)

.0 Connect wires to switch

Have instructor c

W. Connect air conditioner to electrical power t

X. Start air conditicner and check various switch positions

Y Stop air conditioner

Z. Disconnect air conditioner from electrical power

AA up wii put away tools and materials



WINDOW AIR CONDITIONER REPAIR
UNIT H

JOB SHEET #2--CLEAN A CONDENSER

4. Tools and materials

A. Window air conchtionor

8. Plastic bag

C. Degreasing solvent

D. Water hose

E. Spray nozzle

II. Procedure

ACR II - 49-F'

A. Remove air conditioner from cabinet

(CAUTION: Always have help when lifting heavy awkward objects.)

B. Set air conditioner close to a floor drain or outside

C. Wrap fan motor with a plastic bag

(NOTE: If water enters the fan motor it will be ruined.)

D. Remove screws which hold condenser to fan shroud

E. Carefully swing condenser out (Figure .1)

FIGURE 1

(CAUTION: Do not swing the condenser out far enough to kink or break

refrigerant lines )

F. Spray degreasing solvent on condenser

G. Allow solvent time to work
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JOB SHEET #2

H. Attach water hose. to hydrant

(NOTE If using hot water be sure the hose is designed for use with hot
water.)

I. . Attach spray nozzle to water hose

J. Spray condenser with water (Figure 2)'

FIGURE 2

K Tilt air conditioner sideways so water will run out

L. Remove plastic bag from fan motor

M Dry all electrical components with a-shop towel

N. Carefully move condenser hack into proper position

0 Replace screws which bold the condenser to the shroud

P. Have instructor check

0. Replace air conditioner in cabinet

R Clean up and put away tools and materials
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WINDOW AIR CCNDITIONER REPAIR
UNIT II

JOB SHEET #3--REPLACE A FAN MOTOR

I. Tools and materials

A.' Standard slot type screwdriver
I

B. Phillips screwdriver

C. Nutdriver 1/4"

D. Open end wrenches

E. Long nose pliers

F. Hex key wrenches

G. Ammeter

II., Procedure

A. Remove air conditioner from cabinet

B. Loosen set screw in evaporator fan hub (Figure 1)

FIGURE 1

I 1410

4111 Pir&46IBM=

ACR II - 51-F

......... .;

14,'. ._, .,

C. Remove motor wires from control switch

D. Remove screws which hold condenser to fan snroud

'7 '7
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JOB SHEET #3

E. Carefully swing condenser out a slight amount (Figure 2)

FIGURE 2

F. Remove set screw from condenser fan hub

G Slide condenser fan off of motor shaft

H Remo)e bolts that hold the fan motor cradle to the air conditioner

Remove motor and cradle

Check direction of rotation

K Check for proper shaft length

(NOTE A shaft' which is too long may be cut off with a hacksaw but
he sure the direction of rotation is correct before cutting off the shaft.)

I
L. Remove motor from cradle

M Place new motor in cradle

N Align motor shaft with evaporator blower hub

0. Replace fan motor cradle bolts

P. Lubricate motor shaft

O Slide condenser fan on shaft

R. Check to be sure that fans do not hit the shrouds

S Tighten fan set screws

(NOTE Care should be taken to be sure that the set screw is against the

flat part of the shaft.)

T. Reinstall condenser into position



JOB SHEET #3

U. R4place 'screws which nold the condenser to the shroud

V. Place wires on control switch

W.. Turn fan by hand to be sure the condenser fan is not hitting

X. Have instruictor check
-

Y. Replace air conditioner in cabinet
o

Z. Check* fan motor operation andramperage

774
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WINDOW AIR CONDITIONER REPAIR
UNIT ii

AC R II 55-F

JOB SHEET #4--INSTALL A HARD grAET KIT

Totals and materials
a

A. Window air conditioner

sf B. Start capacitor with bleed resistor

C. -( Potential relay
et

D. Standard: slot type screwdriver

E. Phillips screwdriver

F. 14 gauge stranded wire

G. Wire connectors

H. Side cutters'

I. Crim'ping tool

J. Ammeter

K. Ohmmeter

II. Procedure

1

A. Remove air conditioner from cabinet

B. Install relay and start clpacitor in control compartment

C. Study wiring diagrams (FigL res 1 and 2)

FIGURE 1

ropressor
verioad

Power Cord Switch

CD" ;C-
O round

C R 1 S

D Gv
...ompresso. Terminals

C Orange Wire
JTo Compressor

; a. Common
000000

Run

White

Capacitor

j. Start Capacanr

As Reg'd
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'As Reo'd
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FIGURE .?
1_1

1t4

JOB SHEET #4

Neutral

22-0 Vac

rC

Med. Fan Motor

L{ Switch
I

Thermostat r-

Bimetal

Overload

St
Fan Capacitor

R

PSC
Compresssor

D. Connect a wire from #1 on relay to one side of start capacitor

E. Connect other side of start capacitor to Jine voltage terminal of run capacitor

or run terminal

F. Connect a wire from #2 on relay to start on compressor mOtdr

G. Connect a wire from ',#5 oii relay to common on compressor motor

H. Have instructor ,chect

I. Connect 'air conditicler_ to electrical. power

J. Place ammeter in highest scale

K. Connect ammeter aroUpd the start wire

L. Turn on air conditioner

(NOTE: Starting amperage should only last a ew seconds.)
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. ACR II 57-F

JOB SHEET #4

M. Check running amperage

N. Have instructor check

0. Stop air conditioner

P. Disconnect air conditioner from electrical power

Q. Install air conditioner in cabinet

R. Clean up and put away tools and materials

V
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WINDOW A,11 CONDITIONER REPAIR
UNIT II

NAME

TEST

, ACR II - 59F,
t

1. Match the terms on the right to e correct definitions.

a. Tests air conditioners to see that they 1. N.E.M.A.
meet the electrical safety requirements (National
of the American National Standard for Electrical

air conditioners Manufacturer's
Association)

b. Ratio calculated by dividing the cooling
capacity in Btu /h by the power input in
watts at any given set of rating
conditions, expressed in BtU /h per watt

c. Certifies the heating and cooling
capacity ratings and electrical inputs of
all air conditioners bearing their seal

d. Sets voluntary standards for motors and
appliances

2. List the nine items of information given on a window air conditioner data'plate.

a.

b.

2. U.L. (Underwriter's
Laboratories)

3. A.H.A.M.
(Association of
Home Appliance
Manufacturers)

4. E.E.R. (Energy
Efficiency Ratio)

c.

d.

e.

f.

g.

h.

7Th
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3. Discuss compressor motor data plates.

c

1

4. Identify schematic compt ,ents.

L1 Neutral

220 Vac

1--

L..

=1111.1.
11.110

I Med......"----- I
Low

f

d.

Hi h

II

1

111 MIMI .III

1

1

1
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5. March the window air conditioner problem on the left to the remedies and checks
on the right.

a. 1) Check wiring
2) Check for shorted capacitors
3) Check for stuck or grounded

compressor
4) Check thermostat for short cycling
5) Check compressor motor starting

ability

1.

2.

6) Check starting and running
amperage 3.

7) Check size of circuit protection
device

4.
b. 1 Clean air filter

2 Close outside air intake
3) Check for blocked condenser
4) Clean condenser 5.
5) Check to see that the compressor

motor is running
6) Check, refrigerant charge, and

pressures
6.

c. 1) Clean air filter
2) Check fan motor operation
3) Check refrigerant pressures 7.

4) Clean evaporator
5) Check thermostat setting 8.

d. 1) Check thermostat
2) Check compressor motor wiring
3) Check run capacitor 9.

4) Check overload
5) Check for law voltage at

compressor motor terminals

10.

6) Check start capacitor
7) Check potential relay

e. 1) Tilt back of cabinet doWnward
2) Clean condensate drain
3) Check for leaking- in evaporator

dip pan
4) Cheek for ice on evaporator

f. 1) Check voltage at receptacle
2) Replace fuse or reset circuit breaker
3) Check voltage at control switch

g. 1) Check fan blade for binding
2) Check wiring
3) Check selector switch
4) _Check run capacitor
5) Check fan motor

7 etO

Compressor
motor short
cycles

Water leaks from
air conditioner

Air conditioner
will not run

conditioner
circuit protection
device opens

Air conditioner
is not cooling
properly

Air conditioner
vibrates or rattles

Ice on evaporator

Fan motor runs,
but compressor
motor won't

Noisy fan .

Compressor motor
runs but fan won't
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h. 1) Check for low voltage
2) Check for sufficient air flow across

condenser
3) Clean condenser
4) Check location of thermostat

Sensing element
5) Check amperage draw and overload

i. 1) Check for shipping bits and blocks
2) Check for refrigerant lines against

the cabinet
3) Check for loose panels or

components
4) Check fan motor alignment
5) Check for loose fan blades or hubs

1) Check for fan hitting shroud
2) Tighten fan hub on shaft
3) Check fan blades
4) Check fan mounting

4
6. Demonstrate the ability to:

a. Check control switch with an ohmmeter.

b. Clean a condenser.

c. Replace a fan motor.

d. Instal! a hard start ,kit.

0.

(NOTE: If these activities have not been accomplished prior to the test, ask
Your instructor when they should be completed.)
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WINDOW AIR CONDITIONt:R REPAIR
UNIT II

ANSWERS TO TEST

1. a. 2

b. 4

c. 3

d. 1

2. a. Model humber

b. Serial number

c. Refrigerant type and amount

d. F.L.A. (full load amperage)

e. L.R.A. (locked rotor amperage)

f. Wattage

g. E.E.R.

h. N.E.M.A. and/or U.L. approval

i. Btu/h capacity

3. Discussion should include:

a. Location of data plate

1) Top f compressof motor

2) Side of compressor motor

b. Information on data plate

1) Compressor motor model number

2) Compressorl ,nlot of serial number

3) L.R.A. (locked rotor amperage)

4) F.L.A. (full lOad amperage)

5) Voltage

I

1.

ACR II - 63-F

a



6) Phase

7) Cycle (hertz)

8) Horsepower

9) Lette- codes

al Motor manu fact' irer

b) Month and year of manufacture

c) Shift

d) Plant

a. 'Control switch

b. Fan motor

c. Fan motor run capacitor

d Comp resSor motor run capacitor

e. Thermostat

f. Bimetal overload

g. Compressor motor - P.S.C.

5. a.

b.

c.

d.

e.

4 f.

5 g. 10

7 h. 1

8 i. 6

2 9

6. Performance skills evaluated to the satisfaction of the instructor

N


