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FOREWORD

»

The Mid-America Vocational Curriculum Consortium (MAVCC) 1s an organization
whicth consists of twelve states striving to develop needed instructional materials. As
member states, Arizona, New Mexicc, Colorado, Louisiana, Missouri, Arkansas, Texas,
Oklahoma, Kansas, Nebraska, South Dakota, and North Dakota se|ected Air Conditioning
and Refrigeration as one of the early priorit:s.

™

The success of this publicaticn is 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 1s extended to the National Environmental Systems Contractors Associatioh
(NESCA), Associated Buiiders and Contractors (ABC), Refrigeration Service Engineers
Society (RSES), and the Coleman Company.

Q

This publication 1s desigred to assist teachers 1n improving instruction. As this
pubhcatton and the three other volumes are used, i1t 1s hoped that student performance
will 1mprove and that stucdents will be better able {0 assume a role In an air- conditioning
and refrigeration occupation.

Instructional materidl in this publication 1s written in terms of student performance
using mec.urzable objectives. This is an innovative approach to teaching that accents and
augments the teaching-iearning process. Criterion referenced evaluation instruments are
provided for a uniform measurement of student progress. In addition tq evaluating recall
information, teachers are encouraged to evaluate the other areas including process and
product as indicated at the end of each instructional unit.

tt 1s our belief that the teaching of this area should become more effective with
its use.

Don Eshelby, Chairman

Board of Directors

Mid-America Vocational
Curriculum Consortium
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-

. The importance of providing every student who is enrolled in an air-conditioning
and refrigeration training program with the very best and mcst 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 tyt the student will nee. as a good fourdation from which

i to build.
As our nation moves into an era of energy conservation and environmental protection,
’ the demands placed upon the air-conditioning and refrigeration spectalist become even
greater. Indoor environmental controt 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 pubhcation “was developed wi*h the assistance of many indwiduals very

. knowledgeable 1n 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 assocCiations

and take an active part .»n them as much as possible. The professional trade asseciations

are an excellent avenue for continuing education within the trade. Every student, instructor,

and all other individudls associated with this trade should develop the attitude of
"nrofessionalism” in their endeavors. :

"

Every effort has been made to make this pubiication basic, readable, and by atl means,
‘ usable. Three vital parts of instruction have been intentionally omitted from this
4 pubhcation. motivation, persondiization, and localization  These areas are ieft 1o the
indwvidua!l instructors and the instructors should capitalize on them Only tnen will this

publication reaily beceme a vital part of the teachm_q—'learnmq process

Gary W Wanties
Writer

Ann Benson
Execcutive Director

Vil

ERIC

*
Full Tt Provided by ERIC.
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USE OF THIS PUB_ICATION

Instructional Units

ERIC

The “Air Conditioning and Refrigeration, Bookel! curriculum includes six arezs. Each
area consists of one or more units of instruction Each instructional unit includes ®me
or all of the hasic 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 planned for more than one lesson or class
peried of instruction.

Careful study o1 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 cdemonstrated.

1. Supplies needed .

2. Equipment needed

3. Amount of practice needed

4, Amount of class time needed for demonstrations -

C Supplementary maternials such as pamnhleis and filmstrips that must be ordered.
D. Resource people that must be contacted

v

Objectives

Each unit of instruction 1s 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 he covered 'n a umit of tnstruction and specific objectives, stating the student
performance necessary to reach the unit objective.

Since the objectives of the unit provide direction for the teaching-learning process,
it 1s important for the teacher and students to have a common understanding of the intent
of *he ohjectives. A hmited nurnber of performance terms have been used In the objectives
for this curniculum to assist In promoting the effectiveness of the communication among
all individuals using the matenals.

Following 1s a hst of performance terms and their synonyms which may have heen
used In this mater:al

Name Identify Descrihe

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 Tell what

Give : Explain
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Orde, ' Dusn'ngunsh ) - Const'ru'ct

Arrange = Discnminate - Draw °
Sequence - ' ' Make
List in order ‘ o - Build
Classify- . Design
Dwide o . Formulate
Isolate ) o E Reproduce
Sort . c - . Transcribe
" Reduce .
) b * Increase
Figure
Demonstrate Additional Terms Used .
Show your work Evaluate ‘ Prepare
Show procedure Complete . Make
_ Perform an experiment ’ Analyze Read
Perform the steps Calculate - ) Tell
Operate Estimate ’ Teach
Remove Plan " Converse
Replace Observe Lead
Turn off/on Compare ' State
{D:s) assemble Determine Write
(Di1s) connect Perform

Reading of the objectives by the student should be followed by a class discussion
to answer any questigns conceming performance requirements for each instructional unit.
e . .
Teachers should feel free to add objectives which will fit the material to the needs
of the students and community. When teachers add objectives, they shou'd remember
to supp)dy the needed :nformation, assignment and/or job sheets, and criterion tesis.

Suggested Activities

Each unmit of instruction has a suggested activities sheet outlining steps to follow
in accomplishing spectfic objectives. The activities are !isted accordmg to whether they
are the responsibility of the instructor or the <tndent.

(4

instructor: Duties of the instructor will vary according to the particular unit, however,
for best use ot the material they should include the following: provice students with
objective sheet, information sheet, assignment sheets, and job sheets, preview
filmstrips, make transparencies, and arramge for resource materials and people; discuss
unit and specific objectlves and informatio 1 sheet, give test. Teachers are encouraged
to use any additional instructional activities and teaching methads to aid students
in accomplishing the objectives.

Students: Student activities are histed which wil help the student to achieve the
objectives. for the unit.
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Information Sheets ,

N < ; \
lpformation sheets provide “content essential for meeting the rognitive. (I(novvledge)
objectives of the unit. The teaeher -widl find that information sheets serve as an excellent
guide for presenting the background knowledge necessary to develop the sk#ls*specified

in thg unit ob]ectlxe a

,

., Students should reag the information sheets before the mformatlon 1s didcussed in
@ss Students may take additional notes on the information sheets ) <
L, . . e o et ) ',
Transyarencg Masters ’ - ’ v ;

Transparency masters provice mformatuon in a &ma! way. The ‘students m& see
as well as, hear the matertal being presented, thus reinforcing the learning process.
Transparencies may present new tnformation or they may reinforce mfermqnon presgnted,
in the mformatnon sheets They are paiticularly effec:'ve when |dent|f|cat10n is ne;:essary

Transparenmes should be made and placed In the notebOok where they W||I be
immediately available for use. Transparencies direct the cla 's attentign' to 1the topic of
discussion. They should e left on the screen only when topic. shown are under disrussion.

. \ , )
Job Sheets
b

. Joly sheets are an 1mportant segment of each umit. The instructor should be able
to and in most situations should demorstrate the skills outlined in the job- sheets.
Procedures outlined in the job sheets give direction to the skill being taught an- allow
both student and teacher to check student progress towag the accomnhshment of the
skill. Job sheets provide a ready outhne for a student to follow if he has nussed a
flemonstration. Job sheets also furmish potential employers with a picture of the skills
bemng taught and the performances he might reasonably expect from a person who has
had t'us traning.

Assignment Sheets

. »ry
Assignment sheets grve direction 1o study and furmish ‘practice for paper and pencil
activities to develop the knowledges which are necessary prereausites to skill deveiopment.
These may be gwven to the student for completon in class or used for homework
assignments. Answer sheets are provided which may be used by the student and or teacher
tor checking student progress

]

Test and_Evaluatipn

Paper pencil and ‘aperformance tests have been constructed to measure’ student

achrevement of each objective histed n the unit of instruction. Indgivitlual test items may *

be pulled out and used as a short test to rletermine student achievement of a particular
ohjeg:nve This kind of testing may be used as a dally quiz and will help the teacher
spot difficulties baing encountered by students in their efforts to ~ comi. .. the termmal
ob]ectnve Test 1tems for ohjegtlves added by the teacher should be constructed and added
to the jest .
Test Answers -

Test answers are provided for cach umit These may be used by the teacher and or
student for chgcking studert achievement of the aobjectives

~

N,

2
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' Y cot AIR CONDITIONING AND REFRIGERATION
* ' BOOK TWOQ . .
: |
% _ | .
. . — OCCUPATIONAL-INSTRUCTIONAL ANALYSIS - <\/ '
“ ‘ ©+ JOB TRAINING What the RELATED INFORMATION- Wp’at ' . ‘?
Worker Should Be Able 1o Do the Worker Should Knaw . .. -
(Psychomotor) ) (Cogn.tive) R A I '
L - : P N T
: r - SE(;TION A-UNIT | FUNDAMEMNTALS OF ELECTRICITY e
t "L ! ) o1 Distinguish  between
- - . : ' direct and alternating ",
. R . current .
E.; ; ) ,‘ ¢ ) )
. - . : 2. " * List materials which are ‘
E o . , good  conductors  of
i . . , ' : -electricity © T,
{ . . . 3 List matericls which are
- e ) - ‘good, nsulators  of
& RN ) \ . electriciwy '
‘ . . )
. : : . . 4, List the equatior .
;" v L . ' ' symhols and equations
P C . ' - for ohms 1aw i
. . . 0
‘ - 4 ‘ 5. List three equations for
obtaiming wattage

; 6. List thiee  common
conversions of wattage

- 7. List the three 1tems that
Ve . " “make a complete /
. . electrical circenit
- . » K - .
'Y ' 7 .
3. Match terms to correct

basic electrical symbols

-

() : I N
| 4 9. ldentify a series circuit
| . 10 State four rules for series -
| .
| . cireunts

h’ . ' 11 ld(:ntlfy',d'pamllel circurt
e . 'x X N
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JOB TRAINING. What the RELATED INFORMATION  What ~.
Worker Shoald Be able to Do the Worker Should Know ‘
(Psychomotor) ‘ {Cognitive)
12. State three rules lor a
o i paratlel circunt
-
. {
13 fdentify 3 series patallel "
. cire
C . .
- 14, Match amperage loads tc/
wire sizes
&
¢ 157 Use ohm's law
LY . e
. 16, Compute wattage M
- v
Y 7. Select the nonseries ioads . -
18. Solder an electrical connection .
‘ UNIT 1t ELECTRICAL TEST {NSTRUMENTS
- .
. 1. List eleven safety rulgs
: Lot pertaining to electrical ‘
) ’ .. . test meters
' !
. 2. List general rules for the
protection of electricadl .
!
\ test meters
3. tdenufy electnicel  test i
instruments i
) 4 Match the meter to its
. apphcation °
, g ’ 5. List the procedure for
reading a meter scate
6. Discuss  three  circuit
conditions
) 7. Describe the procedure
: . - , for zeroing the ohmmeter
8. Read a voltmeter scale
4 ’ : 3
9. Read an ammeter scale
- A @




JOB TRAINING What the o
. Worker Should Be Able to Do
{Psychomotor)
10. Read an ohmmeter scale
]
11. Determine start, run and commaon -
of a sinale phase motor
12 Use ¢ voltmeter
) 13 Use an ohmmeter
14, €se a wattmeter
15 Use an ammeter
16 Use the hermetic analyzer
Yo7 Use a capdcitor ‘analyzer ’
18 Test a capdacitor with an ohmmeter
‘ UNIT Il ELECTRIC POWER
. 2
3
4.
[
5
6 ~Read an electnic watt hour meter

SECTION B UNIT |

1.

1

14

RELATED INFORMATION What
the Waorker Should Know
{Coqnitive)

Arrange 1in order the
steps  for  distributing
electric power

Distinguish between
single-phase anct
three-phase currents

List  three methods  of
gr..ncding an  electncal
crreunt

Select the functions of a
transformer

Discuss  the  types  of
three-phase supply

BASIC FLECTRIC THERMOSTATS

Name  three types ol

thermaostats

-

—n
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JOB TRAINING What the
Worker Should Be Abte to Do
{(Psychomotor)

.
14, Whe o nmiercury bully 1o corgect
terminals

XVili

A2

RFLATED INFORMATION What
the Worker Shauld Know

15

10

"

12.

13.

(Cognitive)

ldentify parts of a low
voltage thermostat

Identify  parts  of a

millivolt thermaostat

ldentify parts of a lne
voltage thermostat

ldentify types of
thermostat contacts

Identify shapes of
thermostatic bimetals

Discuss the operation of
a thermostatic himetal
Discuss thermostat
anticipation

List the charactenistics of
two-stage thermostat

Discuss the advantages of
a time controlled
thermostat

Select from a  list
quidelines for correctly
instelling a
thermostat

1O0m

List the applications of

low voltage, millivolt,
and ling voltage
thermostats

Match the low voltage

thermostat subbase
termingl markings to the
proper component

e




“JOB TRAINING: What the
Worker Should Be Able to Do
{Psychomotos )
' 15, Determine heat antic:pation
16. Instali a wali thermostat

UNIT 11

12. Wire a hot wire relay

RELATED INFORMATION:

What

the Worker Should Know

RELAYS

(Cognitive) -

Identify motor starting
relays

Identify control relay
switching symbols ‘

Match the componrents to
the correct relay terminal
markings that they
connect to - .

List the specifications of
motor relays

List the specifications of
a contactor

Discuss =~ the
characteristics and types
of time delay relays

Draw the connecting
wiring of a hot wire relay

Draw the connecting
wiring of a current refay

Draw the connecting .
wirng of a potential )
relay

Draw the connecting

wiring of a fan relay

Draw the connecting
wiring of a contactor
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JOI TRAINING What-tie
Worker Should Be At'e to Do
{Psychomotor)

13.
14.
15.
16
17,
18

Wirc a current rolay
Wihe a potennal relay

Wire a fan ,eiay

Check relays with an ohmmeter
Check relays with a voltmeter

Check relays with an ammeter

UNIT I

XX

RELATED INFORMATION What
the Worker Should Know

PROTECTION DEVICES

1

9.

10

17

(Cognitive)

Identify types of
overcurrent nrotection
devices

Describe the operation of
a single elemerit fuse

Describe the oneration of
a time delay fuse

Describe the operation of
a circuit breaker

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

List foor nationat
electrical code
requirements  pertaining
to circutt breakers for
less than 600v

identify the types of
pressure actuated
protection devices

Describe the pressure
actuated protection
devices

Identify the types of
electrical - system
protection devices

Describe  the electrieo!
system protection devices




F
E.
;
|
[‘ JOB TRAINING: What the RELATED INFORMATION \What
Worker Should Be Ahle to Do the Worker Should Know
{Psychomotor) ’ (Cogmitive)
11. Adjust a high pressure switch -
12. Adjust a low pressure switch
|
13 install a lockout relay :
14 Check a solid state compressor :
motor nrowector !
|
UNIT v CAPACITORS |
: |
1 Discuss the role of |
capacitors n the
T operation of motors
2. dentify the tynes of
capacitors
’ 3 Discuss the run capacitor
identified terminal
4, List the causes of
. ‘ capacitor failuie
) 5. List the factors to
consider when replacing
capacitors
- ' 6. Solve problems for
cepacitors wired 1in series
- and paratlel 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 connectirg wirina
for a start capacitor with
a potential relay

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

ay

motor

Q .
ERIC

“~
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12,

13.

14.

JOR TRAINING What the
Worker Should Be Able to Do
{(Psychomotor!

Wire a start capacitor with a
cutrert or hot wire relay

Wire a start capacitor with a
potential refay

Wire a run capacitor with a PS.C.
compiessor motor

Wire a run cepacitor with a CSCR .
COMpressor motor

Ueternmine microfaiad rating of a
capacitors

SECTION C UNIT |

XX

RELATED INFORMATION What
the Werker Should Know
{Cognitive)

10 [iraw cornecting wiring

'

for capacitors with a’

; capacitor start capacitor
rean commnressor motor

INTRODUCTION TO ELECTRIC MOTORS

, List safety rules
pertaining to  working
with eectric motars

Discuss niagnetism

i~y

3 Discuss magnets 1n an
induction type motor

4 List  five types of
single-phase motors

~

5 identify parts of an open
motor
6 identiy  the common

types of motor mounts
7. Discuss motor enclosures

8. Discuss
maotors

three phase

13




JOB TRAINING What the

RELATED INFORMATION What
the Worker Should Know
(Cognitive)

Worker Should Be Able to Do
{Psychomotor)

Determine length of a V-belt

Adjust V belt tension

SPLIT-PHASE MOTORS

W

List the Information
provided on a motor data
plate

Identity the types of
mator V-pulieys

Solve nroblems using a
metinod for deternmining
pulley size

List causes of motor
problems

List remedies of motor
problems

State the horsepower
range  of  spht-phase
motors

List  applications of
split-phase motors

List the two wimndings
of a split phase motor

List the characteristics of
the windings In a
split phase motor

Discuss the purpose of
the starting switch

ldentify the components
of a split phase motor

- ldentify the spht-phase

motor leatts by NEMA's
code




JOB TRAINING What the RELATED INFORMATION \Vhat .

Warker Shouldt Be Able to Do the Worker Should Know
. (Psvchormaoton (Cogmitve!)
R. Match code number to

color code of motor leads

9 Identfy the ditections of
rowdtion
10. Identify the motor power
WITINGS
11, Wire a spht-phase motor o a
240 VAC supply )
12, Gisassemble, nspect, ¢lean, and

reassemble a spictshase motor

UNIT 11l SHADED-POLE MOTORS

1. List five apnhcations of
shaded pole motors
2 Discuss the stator .
" construction of the
.shadedd pole motor
3 Match number of poles
| B to  tha  gorrect motor - - —
RPM _
- 4 List two disadvantages of

shaded-pole motors

\V4
o

List the voltages for .
shaded-pole motors

6 Discuss the methods of ' .
reversing  rotation  of
shadled pole motors

7 Discuss the methods of
varying the sperd in
shaded-pole mntors

e ] State the most commaon

remady of shaded ””lﬁ
v
motor failure .

EMC . J XXV
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' ‘ JOB TRAINING. What the | RELATED INFORMATION Wha
Worker :Should Be Able to Do the Worker Should Krow
{(Psychomotor}) - . {Coynitive) .

UNIT Iv- CAPACITOR MOTORS

1. List two tynes  of
capacitor mntors

2. Discuss the ———-
chatacteristics of
capacitor motors

' 3. Discuss C.S.1 R. motors
q. Discuss C.S.R. motors
’ 5. Discuss P.S C. motors
6. Identify the  wiring -

diagrams of C.SIL.R,
C.S.R.,.and P.5.C motors

7 Reverse the rotation of a P.S.C.
‘ ) motor )
v e
8 Start a seized hermetic comnressor
motor ’

S - - UNIT ¥+ THREE-PHASE MOTORS

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

2. Discuss the electrical

characteristics of a
three-phase motor

Distinguish  between a
) symbolic drawing of a
g ‘ ) delta wound motor and a
symbholic drawiry of 2
wye "Y" wound motor

4. Discuss the synchronous
motor

! 5. Discuss the squirrel-cage
motot

‘
3
h 3

‘ | ) XXV
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JOB TRAINING What the
Worker Should Be Able to Do
{Psychomotot)

RELATED INFORMATION. What
. the Worker Should Know
(Cognitive)

Discuss thie woynd-rotor
motor ‘

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

SECTION D--UNIT t: WIRING DIAGRAMS

1

Draw a Ibasnc tadder schematic

Draw current relay wiring dragrams

Draw potential relay wyring dragrams
Draw hot wire relay wiring diragrams
Draw gas furnace wiring diagrams

Draw outdoor condehsing uni: wiring
diagrams

Draw electric furnace wiring diagrams

Draw indoor atr handler ar1 outdoo.
condensing unit wiring diagram

- Draw a4 domestic refrigerator wiring
diagram

Draw'a ladder schematic by looking
at a domestic refrlqerzyor .

XXV

1.
2.

Identify wiring diagrams

List the charactenistics of -~
a pictorial wiring diagram

List the characteristics of
a hematic wiring
diagram .

List the major steps In
building a ladder
schematic

Discuss the schematic
legend

Match schematic symbols
to component name

14




. 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

fooking at a window arr conditioner

* 18. Draw a ladder schematic by looking
at a system with. a low voltage
1 control circuit

SECTION E--UNIT | DOMESTIC REFRIGERATION FUNDAMENTALS

. 1 Identify types of
P . domestic refrigeration
2. - ldenufy refrigerator
- cabinet hardware and ~
N trim
3. List information given on

‘ a refrigerator clata plate

N ' . LA
4, List * three  common
. locations of refn{;e’:at{)r

- ' 3 ’ data plates A

i . 5. + List two major reasons
. ) why a refrigerator should . -~ ——--
’ be transported Lpright

6. List SIX common
domestic refrigerator
problems . -

7. Remove and replace breaker trim
8. Adjust a door

e UNIT 1i- SEALED SYSTEM COMPONENTS

4
[}

~ __ 1. _ List the sealed system
components of a
domestic refrigerator

2. Discuss the function of
the sealed system
components n a
damestic refrigerator

! 3. Identify types of

evaporators
- 4. List the locations of
- evaporators

L 24 XXvil




JOB TRA

{Psyc

9.

10.

f 11.

12.

b 13.
UNIT 1,

INING: What the

Worker Should Be Able to Do

homotor)

Replace a compressor motor

install a low side service $tub
on a reciprocal compressor

Install service stubs in
refrigeramt lines

Replace a capillaty tube

Install a Liquid hine filter-drrer

COMESTIC REFRIGERATION DEFROST

&

XXVIji

RELATED INFORMATION. What
the Worker Should Know o .
(Cognitive) v
5. dentify types ¢ of
compressors
6. tdentify types of
condensers
7. List  the locations 'of
condensers .
8. List the information *

1.

needed when replacing a
capiftary tube

AND ELECTRICAL CONTROLS

List eight  domestic
refrigerator heaters
Discuss location of
heaters

Discuss the purpose of
refrigerator heaters

“ldentify electrical
controls
Discuss location of

electrical controls

Discuss hot gas defrost
components

Discuss electric defrost
components

List two off cycle defrost
components




g JGB TRAINING. What the
. MWorker Should Be Able to Do
. / {Psychomotor)

- + 9, Name the heater circuits
o~
10.° Name the controls
11. Diagnose ctreuit problems -«

12. ~  Replace a temperature control

13. Replace a defrost heater M

RELATED INFORMATION: What A

the Worker Should Knovy
{(Ccgmitive]

UNIT IV ~-MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS

5
v
9. Repair an evaporator with epoxy
10. Evacuate and charge a refrigerator
which has only a low side service
valve

XXX

1.

[¢2}

List three types of leak

detectors '
7

Discuss the indications of

a refrigerant leak

List three common

mechanical” . * system
failures

Discuss Y the
chagacteristics of  a
compressor with

defective valves

Discuss the
characteristics of a

restricted capillary tube

List the characteristics of
an overcharged system

Discuss compressor burn
out

List the steps in cleaning
a system after burn out,




JOB

TRAINING: What tae

Worker Should Be Able to Do

12.
13.

14.

15.

{Psychomotor)
N “

Evacuate and charge a refrigerator
which has only a high side service
valve

Clegn a system after burn out

Clean a restricted capillary tube

- Repair an evaporator by aluminum
brazing '

Check efficiency of a compreassor

RELATED INFORMATION:

What

the Worker Shguld Know
(Cognitive)

\a,

UNIT V. TROUBLESHOOTING DOMESTIC REFRIGERATORS

o

Demonstrate the abtlity to diagnose
refriqerat,.  complaints

1.

2.

3.

List - the steps In a
systematic approach to
ttoubleshooting

List  the preliminary
checks to be made when
troubleshooting ooa
refrigerator .

List the steps in checking
a nonoperative
compresscy ’

Discuss the procedure in
troubleshooting a
frost-free refrigerator

UNIT VI- DOMESTIC REFRIGERATOR ICE MAKERS

XXX

27

2.

Identify three types of
ice makers

o

Identity the pictorial and
scematic wIrimg
diagrams for each of the
three types of tce malgers
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. JOB TRAINING What the RELATED INFORMATION What
‘ Worker Should Be Able to Do the Worker Should Know
(Psychomotot) (Cognitive)

- 3. Discuss the operation of
the crescent shaped cube
iIce maker

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

: 5. Match the problem of the
crescent shaped cube ice
1 . maker to the checks and

remedies

6. Discuss the operation of
the five cavity ice maker

1Y

7. Ider ufy the parts of the

five cavity ice maker
) 8. Match the problem of the
P ) ' 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 1ce maker

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

12. Identify water valves and
their components

13. Install a refrigerator equipped
with an ice maker

14 Disassemble and clean a water
fitl valve

H

15. Replace thermostat in a crescent

shape cube i1ce maker




Worker Should Be Able to Do the Worker Should Know

JOB TRAINING- What the RELATED INFORMATION: What . ‘
{Psychomator) {Cognitive)

16. Replace mold seal, bearing and ¥
- retainer 1n a five cavity ice
maker

17. Adjust viater valve switch in a ’ .
flex tray ice maker

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

SECTION F-UNIT + FUNDAMENTALS OF WINDOW AIR CONDITIONERS

' 1. List ti.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 o

voltage and amperage
requirements

5. Match wire size 1o
current carrying capacity

6. Identify parts of the
w'ndow
7. List the procedure for
installing a window air }
conditioner -
8. Discuss major

components of window
air conditioners

9. install & window air conditiones ’ .
JMIT 1 WINDOW AIR CONDITIONER REPAIR

1. List the information
given on 4 window arr

condittoner data plate |
Q 1
|

23

XXX 11




JOB TRAINING: What the
We- cer Should Be Able to Do

{Psychomotor)
5 Chack control switch with an ohmmeter
6. Clean « condenser
7. Replace a fan motor
8. Install a hard start kit

A

30

RELATED INFORMATION. What
the Worker Should Know

{Cognitive)
2. Discuss compressor data
plates
3. identify schematic
components
4, Match window arr

conditioner problems to
remedies and checks ..
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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 R
Pliers

1. .Shp joint

2 Slip groove

3. a Long nose

4, Diagonal cutters

5. Plicr wrench

6. Pinch-off
Hammers

1 Ball peen

2 Soft face

3 Sledge

4. Claw

Punches,” Chisels, and Bars
1. Pin punch
2. Center punch
3 Flat chisel
4 Pry bar
5 Scratch aw!

1 Fiat

2 Half round
3 Round

4 Point

5% Shim taper
6 Handle

TOOLS

XXXV
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(NOTE: These are the recommended tocls and equipment necessary for an air-conditioning
and refrigeration training program.)

Socket sets

NOoOOsLN =

Ratchet handle i
Socket »
Deep socket

Hinge handle

Extension

Speed handle

Universal joint

Tubing tools

N>R WN =

Flarnng tool

Tubing reamer

Flaring btock

Cutter

Double flare punch

Swage punch

Lever type bender

Bending spring N

Accessory hand toes

LCONOOALN =

Wire strippers
Drop light '
Ol can

Hack saw

Screw starter
Safety glasses
Nut drivers

Level

Hex-key wrenches

Threacd'ng too's

Refrigeration gause sets

N

Tap

Die

Die stock

T-Handle tap wrench
Hand tap wrench

Leak detectors

1.
2.
3.

Soap solution
Halide torch
Electromic




Drill motors - ) Service valves
1. Straight 1. Hermetic service valve kit

2. Offset 2. Access valves (core type)
' 3. Process tube adapters
Drill bits . 4. Line piercing valves
1. Twist ‘ ,
2. Wood Scales
3 Masonry Fin combs
Bench grinders Oil pump
Vises , Combustion testing kit
1. Bench .
2. Pipe Air meters
1. Aneometer
Pullers 2. Pitot tube
1. Wheel , 3. Inclined manometer
2. Bearing o )
3. Gear . Appliance truck
Thermometers Knock-out cutter
1. Pocket Combination pattern snips
2. Remote bulb
3. Flue and stack x Hand notcher
4, Thermal electric - - .
’ Hand seamer
Recording thermometers
1. Manual wind Piveter
2. Electric N,

* Riveting hammer

Hygrometers Aviation snips
1. Sling-psychrometers 1 Right hand
2. Dl type 2. Left hand
3. Humidity recorders '

- Double cut snips
Vacuum pumps

1. Low vacuum : Hand'crimper
©2. Deep vacuum ‘
Refrigeration ratchets
Vacuum indicators ’

1. Compound gauge

2. Mercury manometer

3. Thermocouple micron gauge

Caplllary tube cleaner \

1. Manual type
2. Hydraulic type

Charging cylinders . ' .

32
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Air-proptine torch
Torch handle
Regulator
High témperature wraparound ilame tp
Standard tips

1. Small
2. Medium
3. Large

Halide leak detector
Solderning copper
Liquified petroleum cylinders
1. 2 1/2 tb capacity
2. 20 b capacity
Hose--8 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- txtra large

High temperature wraparound flame tip
Hahde leak detectors

Soldering copper

Acetylene tanks

1. "B" tank, 40 cul.c foot
2 "MC" tank, 10 eubic foot
Striker

Cylinder wrench

Oxy dcetylene torch
T Oxygen reyulator
2 Acctylene reqgulator
3 « Torch handle *
4 Cutung attachment
5 Welding up
6 Cutting tip
7 Twin hose

9 Goqrles

9 Stiker

10, Cart

11, Oxyagen cylinder
12. Acetylene cyhinder

XXXV H
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Electric welder and equipment
Electric welder
Electrode holder
Ground clamp
Shield

Gloves

Chipping hammer
Safety goggles

Wire brush

Electrode

oSN EWN

Electr cal test instruments
"Voltmeter
Ohmmeter
Multimeter
Wattnveter
Ammeter
Millivoltmeter
Hermetic analyzer
Capacitor analyzer

O ~NO BN
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. ) FUNDAMENTALS OF ELECTRICITY
/ - UNIT |

UNIT OBJECTIVE . s

" After completion of this unit, the student should be able to match terms associated with
electricity to correct definitions, and’list materials which are good insulators and conductors
« of electricity. The student should be able to distinguish between a series circuit, a parallel
- . circurt, 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 knov 'edge 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:
’ AN ¢ .
1. Match terms associated with electricity to the correct definitions:
2. Distinguish between direct and alternating current. ’ N
%
‘ . - 3. List materials which are good conductors of electricity. .
4, List matenals which are good insulators of eléctricity.
. v ~, 1 -
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 circurt.
- ’ 11. State four rules -for series circuits.
. . * ’
12. State three rules for a parallel circuit. '
13. Match amperage loads to wire sizes.
14. List items of concern when working with solid state controls.

El{llC . 138
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15. Demonstrate the abthty to:
a. Use ohm's law.

b. Compute waitage.

c. Select the paraliel loads.

d. Solder electrical wire.

39
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. FUNDAMENTALS OF ELECTRICITY ~ , -
_ UNIY | o
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SUGGESTED,"ACTIVITIES ‘
Instructor. ‘

A. Provide gudent with objective sheet.

B. Provide s’tudent with information, assig\nment, and job sheets.
C. Make transparencies.

D Discuss’unit and specific objectives.

B. Discuss information, assignment, and Job sheet;.

f

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

G. Show students how to calculate problems.
H. Give test.

Student: l

A. Read objective sheet.

B. Study information sheet.

C. Complete assignment and 4ob sheets.

INSTRUCTIONAL MATERIALS -

Included in this u.uc:

D. Take test.

A. Objective sheet
B. Information sheet
C. Transparency masters

1. TPQ\\\ 1--Memory Aid for Ohm's Law

i A
2i_ ™ 2--5VNb\ols s
3. TM 3--Symbols (Continued)

40 | L '
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- 4. + TM 4-Series Circuit . ‘

5. TM 5--Paralle! Circuit

6. TM 6--Series-Parallel Circuit .

= , D. Assign—ent sheets
3 1. Assignment Sheet #1--Use Onin's Lav

2. Assignment Sheet #2--Compute Wattage

3. Assignr nt Sheet #3--Select the Parallel Loads
E. Answers to assignment sheets
F. Job Sheet #1--Solder Electrical Wire
G Test ‘

H  Answers to test |

3 I, References:
A, Woodroo!, Weham W. Servic: g Cormnfort Cooling Systerns Columbus, Ohto:
NHAW Home Gtudy Institute, 1974, .
B * Miteaf, Harry. Electricity One-Seven. New York, New York: Hayden Book
Co, 1966.




Al

ACR Il - B-A

.

. . FUNDAMENTALS OF ELECTRICITY
T UNIT |

INFORMATION SHEET

I Terms and defimtions
- - A Elections Negatively charged particles
B ‘olid state--Electrical circuit containing semiconductors

C Conductor--Any material with the ability to permit passage of electrical
currant

O. Insulator--Material with an ex mely high resistance to current *ow
E  Voltage (EMF)--Potential difference which causes current to flow

F.  Current--Flow of electrons through a conductor measured in amperes
G Resistance--Opposition to current flow measured in chms

H.  Watt--Unit of power measurement

. I Incductance--Property in an electrical circuit which opposes any change In
; the existing current

J Capacitance--Factor in an electrical circu:. that allows for the storage of
cioctrical charges and opposes any change in existirg voltage

K. Impedance--Total oprnsition in an electrical circ.it to the flow of alternating
current

L. Power factor-Ratio of true power to anparent power required

M 3Semiconductor--Conducor which has a resistance value in between a good
conductor and an insulator .

(NOTE: Within limits, the conductance wll ncrease with temperature
decrease.)

N. Ccunter EMF--Voltage induced in a corductor which 1s moving through
a magnetic field in opposition to the scurce voltage

(NOTE. This I1s a generator action deve!sped within every motor.)

0. Hertz (cycle)--One complete reversal of an alternating current from positive .
to negative and back to the starting pomnt in one second

, p Pa-..iel circutt--Current has 1 .ore than one path 1t can take
Q
42 ~{
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) INFORMATION SHEET |
Q  Series cucurt Cureent has only one path 1t can take
R. Senes-parallel circuit Electrical circuit consisting of both series and parallel
components . : : .
S  Branch--That portion of a iotal circuit which s independent of other
portions with each receiving full supply voltage <>
(NOTE A cicuit may have several branches rirallel to each other )
T  Low line voltage--Decrease in voltage available to a power consumir 3 device
J. Load--Power consuming device
it, Direct and a'ternating current
A Direct rurrent
1. _Suppiied by
a. Ge ..rator
b Battery
1} Ory cell
. 2; Wet cell
' 2 Flows 1+ one direction only
3 Abhreviated as DC
B Alle mating current
1 Supphed by an alternating current generator (alternator)
2 Flows 1n one direction then reverses and flows in the opposite
direction
3 Abbreviated as AC
Y aductors of electnoity
A S.lver
(NOTE  Silver has the least resistance to current flow.)
B Coapper
C Gola
9/ Altrminm
43
Q

LRIC

-
N 2




~ ACR Il - 7-A

INFORMATION SHEET

E  Tuagsten
F Zin¢ '
G  Brass

H Platinum

I [ron

J Nickel ,
K Tin

L Steel

VI Lead

N  Meicury

O  Nichrome

(NOTE Nichrome has the highest resistance to current flow.)
P A :
Q  Water

(NCTE Air will cor uuct electricity i ~der certain humidity conditions, and
water will concuct electricity wien 1t contains certain trace minerals.)

IV Insulators of electricity

A Giass
B RubbLer
C  Plastic
D Wood

E Ceramic
F MIC(?‘
V.  Ohm's law . .
A Establishes a matt.ematical relationship hetwcen
1 Potertial {voltage)

(NOTE Thes 1s selectromot. orce (EMF), also nelled electrical
pressure )
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INFORMATION SHEET

2 Current flow {amperage)
3 Resistance (ohms)

B. Equation symbols

1 E Potential medsured 1n volts
2 | - Current flow measured tn amperes
3 R = Resistance measured in ohms
C Equations {Transparercy 1)
1 E =1 xR
2 1= ER
3. R = E

e

Watls lavw fur OC puwet
(NOTE This law also works for AC resistive circuits such as electric heaters.)
A Establishes a mathematical basis for the amount of work done
INOTE The amount of wattage 1s the basis of the efectric bill.)
B Equations for obtaiming wattage
(NOTE P s the letter symbol for power measured in watts)
1 P - E~x !
2 P - 12 x R
3 P - E2/R
Common conversions of w.a'tage
A 1000 watts = 1 kiowatt (kw)
B 000,000 watts - 1 megawatt
C 746 watts - 1 horsepower (hp)

D. 1 watthour 3413 btu's
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INFORMATION SHEET

Components of a complete electrical circunt

A Power soutce

B Connecting witing

C L.oad

(NOTE A fourth item 1s often added to this list winch 1s a sweitch or control.)

Electrical symbols (Transparency 2)

i
A Capacitor ___1 %__

‘—I\\\{— TN —
C  Contacts __{ I__ ){\l

Normally Open {N.O ) Normally Closed (N C

D  Conductors
_F_ +_

Crossing Junction

"~
S\

E. Fuse

F Fusible link

G  Ground connection

H. Light < IZ )

Resistor or resistance heater — NN

J Multiple conductor cable |

| R —
Thermocouple k./

L Transformer

rW—

i
M Thermal overioad < - /-Xfo___
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INFORMATION SHEET .

‘ N

N  Bimetal switch \\/'

O  Thermistor NAVAVAN
,L/’,
P Connectors ——— >
. Male Female

Q. Switches disconnect ;/_f /-

R Single pole single throw (SPST)
__O\O—_

l

|

|

Single pole double throw (SPDT) o}
—__O\

ﬁ—
T Double pole double throw (DPDT) o o—T

O

U Push button (normally open)
o °

I
o 1 o

O
W Pressure switches g ]\Q o/'/o

Opens on Pressure Rise Opens on Pressure Drop

Tempereture syateh \’\FQ ,)/SD

Close on Rlse Open on Rise

w

VvV Push button tnormally closed)

>

T Permanent sphit capacitor motor

\\

I@%

. h@}

notor 7
0 ~
s \
v -~
)};f

|
\ /”95” /

2 Single phase




X1

Xl

. .
N
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'NFORMATION SHEET

AA Three phase motor
.QC\LS,
o=

- /

Series, parallel, and series-parallel circuits

A Series circuit (Transparency 3)

B. Pasallel circust (Transparency 4)

C. _ Senes parallel circuit {Transparency 5)

Rules for series ci. .utts

A The current 1s the same throughout the circuit

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

C. The largest voltage drop occurs in the component with the highest resistance
D The sum of the resistances of the components equals the total resistance
Rules for parailel circuits

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

B Voltage 1s the same across all branches

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

48
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X1t

XIV.

INFORMATICN SHEET

\

Amperage loads and wire sizes

GENERAL PURPOSE

Maximum Niotor
Wire | Allowable Size Horse Power
Size Capacity Single Phase 3 Phase
AWG Amps 115V 230V 230V
|
14 15 34 2 3
12 20 1 3 5
10 30 2 ’ 3 7-1/2
8 40 3 K 5 10
6 55 3 7-1/ 15
4 70 5 i 10 20

INOTE  AWG stands for American Wire Gauge.)

Items of concern when working with solid state controls

A.

Rt electronic signai wiring i shielded cable or metallic condutt to avoid
giectrically nossy locations

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

Voltage surge
Replaceable modules for field repair

(NOTE. The warranty on most solid state controls 1s void If the cover
his been removed for field repair )

Exposure tu excessively high temperatur will damage sohid state devices

49
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Capacitor I %

Cols  —IN—
— I —
\ Contacts —] |— —N—
Open Closed

\\ . I

G\(\)r)ductors i %
N Crossing Junction
\ AN

Fuse - — \_/——

Fusible Link f\ﬁ

Ground ]
Connection —
Light 4@,
o1

&
Symbols
Resistor —aaAAA— Switch
Dlsconnect(/{/_ 72
. N\
Multiple _
Conductor { l\ Single Pole
Cable % Single Throw *
__M__
Thermocouple . SPST
. Single Pole
. Double throw

Ly

Transformer

SPDT
(Y "M DDO%tI)Ie Pole
Overload ‘“0‘%0— o o0
o 0/6 DPCT
Bimetal '
Switch —@—P L
us utton ”
Thermistor o o
—@ (Normally Open)
Push Button
Connectors . ” -
> (Normally Closed)
Male Female

02

£
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. . Symbols

(Continued)

) e

Pressure

NO NC
Temperature ’ Permanent Split
A O\‘TQ Capacitor Motor

Close on Rise |
: ' . Single-Phase
O//SG Motor ' .

Open on Rise Three —Phase -
' Compressor Motor , :

Temperature




Series Circuit - "/

Q) Thermostat

Transformer
g
} e AN—
Primary ~ Secondary Heat
Anticipator

Valve

Limit Control

N
I T

- 4OV

%
Ut
N

V-6l




- - -
.
i
; )
:
]
[ g
. - -
.-
.

-~ . .
Parallel Circuit
Transformer
)¢ N o
. Pl Manual (é \, . \
Primary 2 Secondary Reset | Operative | j
Valve | L/ Valve
I
1
\ Branch Circuits/ |
ERIC

v-1Z - Il HOV




SgrieséParaIeI Circuit

A

Thermostat

High
Limit
Transformer
Primary Secondary Manual

Reset
Valve

Push
Button

Switch |

Switch <

@

3

Heat Anticipator

Operative
Vaive @

60
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FUNDAMENTALS OF ELECTRICITY
UNIT |

ASSIGNMENT SHEET =1--USE OHM'S LAW

Use ohm's law to solve the following problems

=2
[ i h < i
f\//% E=120V % R1=4"
i ) 4
. ; i
| Ans
1=4 Amps
2|
5 -
q E=120V < R1 ’
\ e
‘, e Ans R
%
. 1=20 Amps 3




ASSIGNMENT SHEET #1

=3 Amps
E=120V § R1=?
Ans
(=5 Amps.
6. 0
) E=? % R1= 48 “*
|
’ : I
I ,___J Ans. __
|=?
7 - T S
‘\
V) )E'MO v R1=110 N
l N
L. . _ R Ans __ . _
B F-04 Amps e
]
|
!
(’\/ £ 24 VAC é R1-?
N 7
L.
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FUNDAMENTALS OF ELECTRICITY
UNIT

ASSICNMENT SHEET #2-COMPUTE WATTAGE

Use the eqt;ations below to solve the following problems.
P=ExI, P=12xR P=EYR
=6

1 T T —

SRR B R R R :
| S
> R < /
s s 2 23~
. T
| | E=240V
i o Ans. P-=
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FUNDAMENTALS OF ELECTRICITY
UNIT- |

ASSIGNMENT SHEET #3--SELECT THE PARAL_EL LOADS

Directions: Select the loads in the following circuits which are wired paralle! to the voltage
source, and which are not in series with another load. Place the appropriate load design_aiting
numbers 1n the space proviced for each circuit at the bottom of the page. ,

/4 (B)
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FUNDAMENTALS OF ELECTRICITY
UNIT

DA T R

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet =1

j 30 amwvs
2 30 ohms
3 240 volts
4 440 volts
5 40 ohms
6 24 volts
7 4 amps

‘ 8 60 ohms

Asstgrment Sheet 22

i. 144 kw 14,400 watts
z 48 kaw 4,800 watts
2 24 K 24,000 watts ,
1
4 30 30,000 satts
b 96 watis

Assrpinnent Sheet &3

g 2 o °
1 " |

( 3 )

4 i '
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' FUNDAMENTALS OF ELECTRICITY
’ UNIT |

:
|
E JOB SHEET =1 SOLDER ELECTRICAL WIRE
r

| . ! Foois and matenals

; \‘ A Soldering qun
[ B Qnagonal cuttersv
C - Long nose phers‘ .
D Wire strippers
E  Safety alasses
F Rosin core solder
G Two 6.nch nieces stranded copper wire
. H  Wire terminal

; Procedure

A Put on safety glasses

B St one inch of insulation from the end of each vire




JOB SKEET #1

C  Twist the wire unul 1t forms a solid wire (Figure 1)

STRAIGHT SPLICE

1) Bend 90" Angles
in Both Conductors

3)  Hoid One Conductor Secure
While Wrapping the Other

0

E. Place the splice ¢y the work bench

’

2) Hook Conductors
Together

L

—14 ¢ § 0 =

FIGURE 1

Clean fip 0! soidenng gun

4) Finished Straight Sofice

.

X

"/’ ‘

(NOTE The splice sheould not touch the bench.)

F  Heat soldenng gun tip

G Apply a small amount of solder tothe tp

H  Hold the soldering gqun on the splice

o
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ACR Il - 35-A

. ' >
. JOB SHEET #1 )
3 I.  Apply solder to the splice (Figure 2) ' B |

. : &<\ *  Soljer
N i < \4\/ . .

1
FIGURE 2 _ |

J. Remove the solder when the splice fills p

K. Strip other end of wire !

L. Heat bare w:?é with soléering gun ol
~ M Apply solder until 4t 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 é) -

P, Apr!, solder’ /

\ Soey

FIGURE 3 , M\ . .

Q. Remove gun after solder flows

R Have the instructor inspect :
' S.  Clean up and put av.ay tools ‘
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Aruitoxt provided by Eic:

UNI. |
NAME
TEST
1 fatch the terms on the right to the correct definitions
a Conductor which has a resistance velue 1.
in between a good conductor and an
msylator 2
, - 3
b Matenal with an extremely Figh
resistance » current flow 4
c. Ratio »f true power to apparent power 5
requurfzd 6
d Negatively charged particles 7.
e One coiaplete reversal of an alternating 8.
current trom positive to negative and 9
back to the starting point in one second )
10.
__f. Unit of powe, measurement
) 1
___g. Voltege induced 1in conductor which 19
IS moving through a magnetic field n :
.opposition to the source vultage 13
h. Electrical Lacult containing 14
semicenductors
15.
B Potential chfference which causes ciirrent 6
to flow
17
;. Property in an electrical circuit which
— = [&
opposes  any change 1in tho  existing 18
current
. 19
] Flow of electrons through a conductor
rmeasured 1IN amperes 20
Any material with the alility to perot 21

~UNDAMENTALS OF ELECTRICITY

passage of electrical curoent

63

ACP 11

Resistance
Electrons
Impedance
Semiconductor
Watt

Sohid state
Heitz (cycle)
Insulator
Counter EMF
Inductance
Voltage (ENF)
Capacitance
Conductor
Power factor
current
Parallel circunt
Seres creuit

Sertes paralled
CHeT

Branch
Feows e voltage

Lo
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. Factor in a~ ~tectrical circuit that allows
for the s.u.age of electrical charges and
opposes any change in existing voltage S/

n - Opposition to current flow measured in
ohins

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

p That portion 'of a total circuit which s
independent of other portions with each

recetving full supply voltage

aq Current has only one path 1t can take

r Power consuming device

. s Electrical cireuit consisting of both serres
and parallel comnonents

- __t Decrease 1n voltage available to a power
. consuming device

. Current has more than or ndtn 1t can .

. take

2 Disiimauish between direct and alternating current by placing "AC" in front of
the 1tems that refer to alternating current and "DC'" in front of the items that
refor to din Ct current,

~
a  Flows in cne direction then reverses and flows in the opprn ¢ direction

o Dry cell battery

Supplied by on alternating current generator {alternator)

d  Frows mmoone direction orty
e Supphed by a generator

3 st 1on moeergis winch are good conductors ot electreity

ERIC

Aruitoxt provided by Eic:




]

List five rnaternials which are good insulators of electricity.

a.
b

c.
d.

€.

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

a Equation symbols
1)
2)
3)
b Equations
1)
2)
3)

List three equations for obtaining wattage.

a
b.

C.

List four ccmmon conversions of wattage.

a

b

ACR I - 39-A
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40-A P
{
¢
d
8 List the three 1tem, that make a complete electrical CHCUsL
a .
b
c .
9 Match terms to the correct basic electrical symbols.
4 Single pole single throw (SPST) 1 ¢
b Ground connection .
¢ Cuanacitor
ok \ 2
~___d Push putton (normally openj
4 9]
e Switches ¢ onnect 3 (
f  Pe'manent spht capacitor motor 4
4 Ll(:‘st )
5
___h Contacts
i Cous 6 -
L rossntg
~ | Bimetal svitch
7.
k- Temperature switch
8
' Doubie pole doubke throw (DPDT) NG
9
o1 Push button (normally c.osed)
n o Thermal overload 10
o Fusible hink
o,
1
o Frosistor or resistance heater
~4 Sragle phese motor
Stighe poie doubie throw (32DT) 12
» o anermnnougle 13
t Thormsto 1
15
i T b pane mc e
7 G AT FRTEN 16
)
Q 7/.,

ERIC

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

w. Pressure switches

x. Transformer

y. Multiple conductor cable

z. Conductors

aa. Fuse

17 . 3.
18, / 24
9 - B
. 26
21.° 27 e

2

1
2.7 T o

Femaile

\
¢
C osed

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 paraltel circuit,

and an

T neee g
"I T -
' z
AL | .
At N | Med sunitwaiur
4 l\

Trans
il
< -
PN Manual
Pn _ _ Sec Reset
N Valve
_ e

\

s-p" under the picture of a series-paralle! circurt

—

)(L )
bl
e
- }
-1k
b s e e e e M e =
.
-] Operatwe ,
/ Vaiys P
e - [N




1.

12.

13.

14

State four rulec for series circuits.

State three rules for a parallel circuit.
a.
b.
C.

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

Wire Size Amperage loads
a8 1. 40
b 4 2 15
o B 3. 70
4.4 4. 55
_____ e 12 5 30

f 10 6. 20

S theee 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.

s (NOTE: If these activities have not been accomplished prior to the test,

i
|
d. Solder e'lectrical wire. , 1

ask your instructor when they should be completed.) i




ACR Il - 45-A
. FUNDAMENTALS OF ELECTRICITY
’ UNIT |
ANSWERS TO TEST
. 1 a. 4 h. 6 o. 3
b 8 ' n p. 19
- - c. .14 1. 10 q. 17
7 d. 2 k. 15 roo21
e. 7 1013 s. 18
i - m. 12 L 20
g 9 n 1 u 16
. 2. a. AC d DC
h. DC e. DC
¢c. AC
3 Any ten of the following.
' a Silver 1 Iron
b. Copper | Nickel
c. Gold ' k. Tin
d.  Aluminum | Steel
e.  Tungsten m. Lead
f. Zinc n l\/lercmjry
g.  BSrass ¢.  Nichrome
h. Platinum p. A
aq. Water
4. Any five of the following
a  Glass d. Wood
b Rubber e. Ceramic
. ¢ Plastic “f.  Mica




b

o

Equation symbols

1) E = Potential measured In volts

2) | = Current flow measured in amperes

3) R = Resistance measured tn ohms
Equations

1) E=-1!1xR

2) 1 = E/R
3) R =E/
P:=E x|
P =12 xR
P = E2R

1,000 watts = 1 fulowatt {kw)
1,000,000 watts — 1 megawatt
746 watts - 1 horsepower (hp)
1 watthour = 3413 btu.'s
Power source

Connecting wiring

Lad

16 h 25 o. b V.
18 1 7 p. 24 w.
12 | 10 q. 1 X
13 k 15 r 8 y
3 i 20 s. 4 z
2/ m 26 t 2 aa.

23

21

22

14
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1"

12

13

d,

ACR i

Tre current 1s the same throughout the circuit

The sum of the voltage drops around a series circut will equat the supply
voltage

The largest volta~: drop occurs in the component with the highest resistar. «
The sum of the resistances of the components equals the total resistance
Total current eqyuals the sum of the current in ali branches

Voltage 1s the same across all branches

Total re stance s always less than the smallest branch resistance

1 d 3
2 e. 6
4 f. 5

three of the following

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

Voltage surge
Replaceable modules for field repair

Exposure to excessively high temperature will damage solid state cevices

Porformance skills eva..ated to the satisfaction of the instructor

78
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Ky

~ ) ELECTRICAL TEST INSTRUMENTS
uniT 1o

UN!T OBJECTIVE

" After completion of this unit, the student should be able to match terms associated with
electrical test instruments to the correct defimitions, and lhist safety rules pertaining to
electrical Yest instruments The sturdent should be able to read and use a voltmeter, ammeter,
ohmroeter, wattmeter, and use @ herir, tic analyzer and capacitor analyzer. The student

should also be able to test a capacitor with an ohmmeter. This knowledge will be evidenged -

through demonstration and by scoring eighty-five perceng on the unit test.

S

i SPECIFIC OBJECTIVES A

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

o
1 Match terms associated with electrical test instruments to the correct
definitions.
2 List ten safety rules pertaining to electrical test Instruments.
3 List aeneral rules for the protection of electrica! test instruments.
4 Identify electrical test instruments.
. 5 Match the meter to I1ts application.
5] List two steps for reading a meter scale.
7 Discuss three circint 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 comnion of a single-phase motor.
€ Use a voltmeter

f Use an obimmeter

79
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Use a vattmeter o
Use an ammeter
Use a hermetic analyzer

Use a capacitor analyzer.

Test a capacitor with an ohmmeter.
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ELECTRICAL TEST INSTRUMENTS
UNIT il

SUGGESTED ACTIVITIES

. Instructor /

A. Provide student with objective sheet. : /
B. Provide student with informauon, assignment, and job sheets. | / )
C. Make transparencies. /

D

Discuss unit and specific objectives.

m

Discuss information and assignment sheets.
F. Demonstrate and discuss the procedures outlined :n the job sheets.

Demonstrate the use and care of electrical test instruments.

z o

Obtain films from meter manufacturers

I Construct test boards.

J.  Cwe each student a copy ot the manufacturer's instructions for each
electrical test instrument n the shop

< Give test.
{l.  Student
A. Read objective sheet.
B. Study information sheet.
C. Complete assignment and job sheets
D

Take test

INSTRUCTIONAL MATERIALS

| Included 1n this unit.

A Objective sheet
B Information sheet
C  Transparency masters
A TM 1 Electrical Test Instruments

P Tr™ 2- Electrical Test instruments (Gontinued)

81
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.

@ ' "~ <D, Assignment sheets -

1

2

4.

1

- 6

7

G Test

1‘3.

2.

1 references.

5 X '

Assignment Sheet. #1--Read a Voltmeter Scale

Assignment Sheet #2 ‘Read an Amaneter Scale
- . J

Assignment Sheet #3- Read an Ohmmeter Scale

]
Assignment Sheet #4--Determing Start, Run, and Common of a
Single Phase Mator -
. [}

F Job sheets

Job Sheet
Job Shert
Job Sheet
Job Sheet
Job Sheet

Job Sheet

H. Answers to test

E  Answers to assignment sheets

#2

#3
1
#5
#6

#7

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

B Basic Electriciry for Apphances Indianapolis, Indiana® Howard W Sams ‘
and Co, 1975

.Job Sheet #1--Use a Voltmeter

-Use ar Ohmn_weter

-Use ‘a’wittmeter - : o’
-Use an A}‘;nmeter -~
-Use & Eierﬁe;tc Analyzer

--Use a Capa‘catorA Analyzer .

--Test a Capacitor With an Ohmmeter

w ¥
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DOEQRYCTION SHEET

Peross ang et ninors

A Dores To gl mieter needle over ero on e ohne scale
R R noe Lirats of a parucular portion of a mete
Zaan ple 250 VAL feorts alternating current' Thie range wouid be all
night 1o use for any AC voltege T VAC to 250 VAC anything
over that  ou ' damage the meter
C Cerenaty To arnust o+ reter 50 that the needle 15 propetly domned to the
froneoset poimt o e Seade
M oyt ot Coripiete o e e o At [V
Contimoity Complete cocuit i o wher coarrent oo, 4y
D ! A YT A f . YR
. ~ [ SR R R Paonty v et SUIDDHY,
- Provey desonated eny 00 0 test o insTrament s ads that e fed while
T N L N N TN T e
A = Lorwest raota geyyeaage LR A Ay erdge g miotar 0 anidg degy uben the
Ote s ot ety power appleed
- Fooom e gge F8 A Totar currenta e e drovy sunen ot s e
Y, Ddiieo
oyttt cesitances Extrere end o0 e ohm scale ) designatent by
el st ROy s rmected belvreen capaciior termhe o, 16 manimize
Soo bt e gy ot 20,000 ohin 2 att carhion ressto
. g, N e L e el oest o nstramaent,
. L cocdey meocordotive surfaces ahen tectovy e oty
T oot st aken dharking g ocitcn t o th g et
0% ko o oeern codd evadude P caene it sontee Gty hne
- , fooe e ot paronns

O

ERIC ‘
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PR ORUIATION SHEFT

Y D3 nat B peth naasdds o a b voltane cabnr ot

INCTE Crp o voltne e cad on an then take the other Jead ard (he

the oo ust

E Do ot toach et czbinet or other ounded matenal
£ Wear ¢ ot ctar
7 Ut Lahies

1 Do rt ovcrsn on hive otrage cocuts by jourselt
. D0 ot sstme that the pover 15 off
J Dhistha e cop ot s oth o biced resistor before removing or testing

serce o rres for the apatectton of slectcal test nmstruments

-\ Caoppy s ctaredt o oupEn £ASPS
&} Alotd car e o oihing
v, i, b rdendde] pun o8
v ot e o otey rgnge hegts - - -
4 VS I N A T SO TR RS (TR TN

E Voo
i ! L
L. St e e e et Y tgbanay pearhog

.

. N N TS SRTI AT SN B e pcies 1 an b

3 vite
o Pt

Ty )

N
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INFORMATION SHEET

f Herneti, analyze
G Capacttor analyzer
AMeter apphication

A Voltmeter

1 Measures hine voltage

2 Measures voltage drop at the load
3 Measures low voltage

4 lnfiacates open components

{(NCTE A switch or other nonioad circuit component v.i't ¢ 2
a voltage reading across 't if 1t 1s openr )

B Ohmmeter

{CAUTION Be sure ali power 1s off before chiecking an eiectrical circuit
with an ohmmeter )

1 Che . for a poth for current flow {continuity!
2 Chevcks for resistance to current flow

3 Determines motor windings

4 Checks for shnrts and grounds

5 Checks capacitors

{CAUTION. Be sure that the charge s bled oft of a capac:o
with o Dieed resistor before checking 1t wit an ohmmeter )

C Maltimetor -
1 AC volumete
2 DC voltmeter

3 Of muneter
. N aramet
R ¥

55-A
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IMFORMATION SHEET

O Joatte s n
1 I 3ty e oitage
2 1L e Starting voatis
3 Indhcares ranning vatts

' Checks starthing ampeage
J Checks running amperage D
3 Chechs Tocked totu, dmperdge
F oot analyder
! Crecks comtressor for greunds
N Crecks compressar for open w hings
. Sy b wosert 1o start @ tocked rotor compressor
3 STATT, gt LS g o essor
. ot 1 T .i'hil‘, JE
' Meas s el tance valae
‘ J Togn oty e e Eacror .
P e Ty CApactiorns
: ! dles o tod T oo
s P B T A R TI T R R AN
o v: e . . . - ! ,
Ak S o g thires of thie seale tor greater arcuracy
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ELECTRICAL TEST INSTRUMENTS

/
ASSIGNMENT SHEET #1-READ A VOLTMETER SCALE

UNIT I

~

FIGUURE 1 — —a \
<«
Q
'
AN
v Voltmeter
o
25V
) N
10V —~
; 250 V —{ / N
1.000 V _ S~ Function Switch
Examplec With the functior switch at 250v, the needle on the meter 1S
indicating 235v
1 Fuction switch in the 250v position. Needle 1s pointing to "B" on the scale.
2 Function switch in the 50v pasition. Needle 1s pointing to "B" on the scale.
3 Function switch in the 1000v position,

)

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

Newdle s pointing to 'E"

.

on the :cale.

93
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Rearl the voltages on the mgter in Figure 1. This voltmeter will read from ieft to nght
on the scale The scale to use i1s determined by the position of the function switch

63 A
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Function

Function

Function

Function

Function

Function

Furcnon

ASSIGNMENT SHEET =

s reh o the 250v position Needle 1 pointing to "A" on the scale

st atch e the 250v positon Needle 1s pointing to "C" on the scale.
switch 10 the 1000v position Needle 1s pointing to "F" on the scale.

\ ' 1
switch 0 the 50v position -Necdle 1s pointing to "F" on the scale.

¢

svitch 1in the 250v positton Needie 1s pointing to "D" on the scale

.

svitch n the 250v positicn Needle is poinung to "F" on the scale

soitch m the 50v posivon Needle 1s pointing to "D" on the scale

¢

-




- \

|

ACR Il - 65-A
ELECTRICAL TEST INSTRUMENTS
UNIT 1!
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 |
\
~onductor
Jaws 4
1 (\—
Tr:ugger d
Scale
; Pointer
!
‘ . ' . . b .
! — 4‘0 " 350
' 1] ﬂ ) 100 300 —
12— 30— 80 " 250 =
9 — 7 60— 200 — ‘
) ~— 20 p— 160 ~—d
5 — - _gdl A
/ ' ] o — /7 7!00—- >
3= . > 0 4 50—
| 0 -~ 4]
0 = L 2 "7';]"“—] /
S R e 5

INOTE  Aiways set the ammeter on its highest scale and then come down to ,
a lower scale fbr a more accurate reaching.) M
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, ACR 1!
ELECTR!CAL TEST INSTRUMENTS
\ UNIT 11 ) -
N " ASSIGNMENT SHEET =3 READ AN OHMMETER SCALE

.

Read tre resistances on the ohmmieter scale below This ohmmeter scale reads from right

- “f_":’.IL Tev gy

N ¢ o
—'"T‘\‘ N Ay /
SNG
\i ‘;04; \\<) i i !

. g | Rx 1
7 . 1 \\ R x 100
R x 10,000 .

Y

-9 Function Swtch ) ‘

‘ ]
b e

e
(NOTF The letters on the scale are there for the purpose of working this exercise
and thev do not appear on actual ohmmeters.)

Exa‘f”npi(‘ With the function switch at R x 10,000 and the n-edle pointing
at z on the scale

“ - 10,060
. X 2_

- , ans 20,000 ohms
. A 1 .
1 Function switch ,n the R x 1 ppsitton Needle 1s pointing to "B on the scale

5{‘-3. \ ' L /
2 Furction Sv.r,?ch i the R x 15,000 wositton Meedle o omting to " on the

scate ‘

[y

- \

ns

36
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10

Function
scale.

Function
scale

Function

Function
scale.

Function

Funct.on

Function
scale.

Function
scale

switch

dans.

e

2

4
ASSIGNMENT SHEET =3

in the R x 100 position. Needie i1s pointing to "C" on the

d

switch

ans

m the R x 10,000 position. Needle is pointing to "A" on the

-

sw tch

ans.

in the R x 1 position. Needle is pointing to "E" on the scale.’

switch

ans.

in the R x 100 position. Needle 1s pointing to "B" on the

switch

ans

in the R x 1 position. Needle 1s pointing to “A" on the scele.

switch

ans.

in the R x 1 position. Needle is pointing to "D" on the scale.

switch

ans.

in the R x 100 position. Needle 1s pointing to "E" on the

switch

ans

in the R x 10,000 position. Needle is pointing to "C" on the

97
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ELECTRICAL TEST INSTRUMENTS
UNIT Il - )

ASSIGNMENT SHEET #4--DETE;¥MINE START, RUN, AND COMMON
OF A SINGLE - PHASE MOTOR

Hermetic compressors have three termnals that are connected to the internal raotor
windings. By taking the three following resistance readings, it can be determined which
terminals are start, run, and common.

1. Highest reading s start and run terminals.

2. Next to highest i1s 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.
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ASSIGNMENT SMEET #4 . .

12 N.
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A

- . " ) ~ ASSIGNMENT SHEET #4
5. r
d. C.
6. -
4
4 .a. c. -
7.
Q 100
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c . g )
- . . < e
;Ef ASSIGNMENT SHEET #4 . .

a.
9.
a
10~
]

. 101




- Assignment Sheet #1

1.

- 2.

9.

10.

125 volts
25 volts
240 volts
25 volts
0 volts

440 volts
22 volts
225 volFs

110 volts

45 volts

Assignment Sheet #2

1

2.

3.

4

5

3 amps
11 amps
30 amps
40 amps

150 amps

Assignment Sheet #3

1

2

3 ohms
130,000 ohms
70C ohms

10,000 ohins

13 ohms

‘

ELECTRICAL TEST INSTRUMENTS
UNIT 11

ANSWERS TO ASSIGNMENT SHEETS

ACR [l - 73-A
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10.

6
7
8.
9

300 ohms

1 ohm

10 ohms

1,300 ohms

70,000 ohms

Assignment Sheet #4

1.

a.

b.

Common-
Run
Start
Start
Run
Common
Common
Start

Run
Start
Common
Run

Run
Common
Start o
Common
Run
Start
Run
Common

Start

°

103
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Run
Common
Start
Common
Run
Start
Start
Run

Commen

104
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' ELECTRICAL TEST INSTRUMENTS

UNIT 11
JOB SHEET =1 U_S_E&A VOLTMETER .
\’ .
! Tools and maternals ’
‘ &

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
INOTE  Ail of these materials <hould be connected to the proper voltage )

i 11 Pracedure

' . A Put on safety f;lasses

B Select highest AC scale

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

FIGURE1 [~ 7 T ,

[
1

|

T
R
A




" JOB SHEET =1 T . ‘
. b4

. -

. .
D  Selecr meter scale that vall allow for the most accurate reading -

B Check, from each side to ground (Figure 2)

FIGURE 2

F. Switch to highest AC scale
4

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

FIGURE 3 f L f'_“‘““} ’

o -

o

o

-
!

i\

- 106 '
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. . JOB SHELT =1
[ P ' ,
17 Check from each side to ground (Figore 4) ' *
FIGURE 4 (

7 ) Voo .
~ IR 3
— ‘/ - ‘i o5 |
L
.,_vA—J A Y
7/
.~ % !
J Switch to highest AC scaie ’ |
. . . N, |
K Check hne side of disconnect . :
. ' |
. . Y
L . Select meter scale that will allow for the most accurate reading |
' Check load side of disconnect (Figure 5) ’ ' {
FIGURE 5

o

N Kepeat steps J through M .and check a three-phase d'scormg:rt

O  Have instructor ohserve your work

P Put away voltmeter .

107
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ELECTRICAL TEST INSTRUMENTS ~ ~
UNIT 11

JUB SHEET =2 USE AN OHMMETER

Tools and materials

A Obmmewr

B  Safety glasses ‘

C  Bleed resistor-2 watt 20K onm 7
D Hermetic compressor, single-phase

E. Plug tve  fuse . '
I; . Cartnclge “vpe fuse ‘

Procedure ‘

A .Put on safety glasses

B. Select thestohm scaleo

C. ' Zero meter |

D. Touch m~oter prot?es to resistor I}aads (Flgure'l) t_

v

FIGURE 1

108
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N JOB SHEET #2
T
Read the resistance on the ohmmeter scale -~

Select R x 1 _scale
-

Rezero meter

. Touch meter leads to two compressor term: o< 2)

a

FIGURE 2

Record resistance reading

Move ope probe t’o rel;nammg terminal

Record resistance reading

Take the thud resistance reading

Record the third resistance teading

Identify the start, run, and common terminals
Have the instructor check your ‘work-

Check a plug type fuse .

Touch one ohmmeter probe to outer metallic portion
L 4




ACR I
[yn i .
‘ . JOB SHEET =2
Q
o Toneh the onmmeter probe to the button on the bottom (Fiqure 3)
INOTE  Never check a fuse with an ohmmeter i a complete ciout )° |
> .
1
- 4
S If the needle swings to zero the fuse 1s good
l T If the needle stays at infimity the fuse i1s not good
U ' Touch the ohmmeter leads to each end of a cartridge type fuse
{NOTE A good or-bad cartnidage fuse will be igdicated in the same manner
45t the plue fuse was )
V' Have anstructor check your work
W Tum obmmeter 1o the "ofi" position or to the highest AC voltage range
XKoo Put away tnols and matenals
-4
-

ERIC

Aruitoxt provided by Eic: -
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»

ELECTRICAL TEST INSTRUMENTS
UNIT I

JOB SHEET #3--USE A WATTMETER

! Tuols and materials

A Wattmeter

B Safety glasses

C Power consuming device
i1 Procedure

A Put on safety glasses -

Read irstructions supplied with wattmeter if available

B

C Select the proper voltage

D Connect the wattmeter to line voltage
E  Salect the highest wattage scale

F Connect current consuming device to wattmeter

. G Have mnstructor check
H  Start the current consuming device
| Record starting wattage
J Allow unit to run a few minutes while the wattage levels out
k. Select wattage scale that will allow for the easiest reading
L Record running wattage
1 Obtain full foad ampzrage froni units name plate
N Divde t?we voltage :nto the wattage to obtain the F L A

. (NOTE  Remember watts law 1s primanly ror DC power, hut for our

parposes the power factor s generally close enough "o one that it can be
nstd far AC power.)

L

Use an antmeter to check your answer
< OTE The use of the ammeter 1s covered 0 Joo Shect =d of thes ot

Foave imstructor check

. o aovay meter and madterials

O

ERIC 111
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ELECTRICAL TEST INSTRUMENTE
UNIT 11
JOB SHEET =4 USE AN AMMETER
i Tools and matenals
A Clamp on ammeter
B Safety glasses
C Refngerau;m system
It Procedure . p

A Put on safety glasses
‘B Select highest amperage scale
C Clamp ammeter around one conductor of the fine cord (Figure 1)

(NOTE" Placing the ammeter around two conductors of single-phase power will
cancel out the amperage reading.)

FIGURE 1 -

A
S

D  Start refrigeration system
E Record starting amperage

(NOTE Starting amperage will only last an instant )

- 87-A




JOB SHEET =4 . .

F  Allow the system to run
G  Record running amperage -
» H." Check FLA on name plate
! Compare the name plate amperage to thg ammeter reading
o Have instructor check

K. Put away meter and maternals ~

113
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ELECTRICAL TEST INSTRUMENTS
UNIT It

JOB SHEET #5 USE A HERMETIC ANALYZER

I Tools and madterials
A H:rmeuco analyzer
B Safety glasses
C Refrigeration system with o tmrmeztuc COMpPressor
I Procedure
A Put on safety glasses
B Check to bec sure power 1s off
C Remave wires from compressor terminals
D Determine common, start and run terminals
‘ £ Read instructions on the use of the hermetccﬁ analyzer .
£ Connect analyzer to cc;mpressor terminals
’ G  Have instructor check

H  Start and run compressor with analyzer

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

f Check running amperaqe

v

- N ?
J Turn system off

K Disconnect analyzer from system
{ Replace  2ires by corepressor terminals

o Poa ay anarycer and refogeration system

114
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LLECTRICAL Tt ST INSTRUMENTS
UNIT |

JOB SHEET =6 USE A CAPACITOR ANALYZER ’

Tools and matenals

A

B

C

D

Procedure

A

Safety glasses ) ’ e

Capacitor anglyzer .

Bleed 1esiston

Run capacitors

Pur on safety glasses
Disenarge capacitor with bleed resistor (Figure 1)

{(NOTE A lieed :esistor should be used to discharge capacitors Some
capacitors are internally fused and short'ng them with a screwdriver would

ruin them )

—

FIGURE 1

o
g




92-A

JOB SHEET #6

Reud instructions on the use of the analyzer

(CAUTION A shield should be pPeced between the capacitor and the
individual doing the testing i case of a possibie explosion )

Check capacitor for opens

Check capacitor for grounds

Check microfarad capacity of capacitor
Checkeseveral different capacitors

(NOTE 1If a capacitor has a bleed resistor connected to its terminals one
side will have to be disconnected in order to properly check the capacitor )

Record the condition of each capacitor
Have nstructor observe the capacitor checking procedure

Put away capacitor analyzer and capacitors
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ELECTRICAL TEST INSTRUMENTS
UNIT 1l

JOB SHEFT =7 TEST A CAPACITOR WITH AN OHMME TE R

Tools and materials

A Safety glasses ~
B Ohmmeter with an Kx10K scale or above
C. Bleed resistor
D Rure capacitors
E Start -capacitors
Procedure ' -
A Put on safety glasses
B - Discharge capacitor with bleed resistor
(NOTE Capacitors must be discharged before they can be checked with
an «hmmeier to. prevent damage to the meter.)
C Touch meter leads to capacitor terminals
(NOTE If the capacitor has a permanent bleed resistor connected 1o the
terminals one side of t must be disconnected )
D Watch for one of the folowmng inchcations of the condition of the
capdac itoy
i Socd- Needle will swing towards zero and then stowly=return to
infinity ’
2 Shorted Needle wili swing toward zero and remam  there
3 Open Needle will stay at mnfipty
4 Leaky- Needle will swing towards csero and then tetin to g
“finite resistance and stay there
5 Grounded run capacitor Touch one meter lead to an unpanted
spot on the metal can and the other lead to each termmal, any
needle movement indicates a defective capaciton
’
t Make o second check by reversing the leads at the capacitor terninals
F Wiite down the condition of earh capacitor
(3 Have the instiuctor observe your work
H Put away meter and materals v -
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ELECTRICAL TEST INSTRUMENTS

UNIT 1l

NAME

TEST

MatcR the terms on the right to the correct definitions.

. Main power supply

. To align meter needle over zero on the
ohm scale

Limits of a particular portion of a meter

. Insulated ends on a test instrument’s
leads that are held while checking a
circuit

. To adjust a meter so that the needle is
properly aligned to the proper set point
on the scale

Complete circuit in which current can
flow

. Total current a device draws when it is
running fully loaded

. Extreme end of the ohm scale;
designated by OQ

Amperage a motor would draw when the
rotor is not turning with power applied

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

-

118
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o o

Full load
amperage
(F.L.A.)
Line voltage
Zero
Range
Probes
Calibrate
Locked
rotor
amperage
(L.R.A.)
Infinity
(infinite
resistance)

Continuity

Bleed resistor

List ten safety rules pertaining to electrical test instruments.




w /

i

List five general rules for the protectioh gf electrical test instruments.
a.
b.
c.
d.

e,

»

Identify the electrical test instruments.
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5 Mdatch the meters on the nght to the correct anplications

Qhmmeter

-

4 Measures hine voliage, measures voltage
drop at the load, measures low voltage;

indicates open components R -2 Capacitor
. analyzer
b  AC voltmeter, DC voltmeter, shmmeter,
T vm‘H\ammeter ’ 3 Voltmeter
o " ¢ Indicates hne voltage, indicates starting 4 Wattmeter
T watts, indicates running watts
T . 5 Multimete:
. d Measures capacitance value, measures . )
. power factor, indicates open capacitors, 6. Hermetic
. indicates shorted canacitors, inglicates . analyzer
° leaky capacitors

e Ammeter

e Checks for a path for current flow, a
checks for resistance to current fiow, -
determimes motor windings, checks for  /
shorts and grounds, checks capacitors

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

1 Checks  starting  amperage,  checks
runnming amperdqge, checks locked rotor
damperage

v

6 List twn stens for reading @ meter scale

Fr——

121
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3 N . N
7. Discuss three circuit conditions. ) . .
a. Open circunt
- - ,‘
“——
\ -
. )
o -
) . - . _
_ . ; .
Iv‘ . B Me
b. Short circuit >
‘ ~
e e
¥
. he ]
) L& .
¢. Grounded circuit
-~ N
. > )
~ - -
- Y .
2 .
8. Describe the procedure for zeroing the ohmmeter.

a. © . -

b.

c.

d ' h

.. ;

' 122
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9. ¢ Demons.rate the ability to:

a. Read a voltmeter scale
N 3
! . b.» Read an ammeter scale. ,
c. Read an ohmmeter scqle:. P
d. Determine start, n, and common of a single-phase motor.
e. Use a voitmeter.
f  ‘Use an ohmmeter.
:g Use a.wattmgter.
h. Use an ammeter.
I Use a hermetic analyzer.
J Use a capacitor ai;alyzer.
k. Test a capaciter with an ohmmeter.

v )

(NOTE. If the above activities have not been accomplished prior to the test,
ask your instructor when they should beé completed.)
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1

ELECTRICAL TEST INSTRUMENTS
UNIT 11

ANSWERS TO TEST

2 f. 9

3 g 1

4 h. 8 .
5 L7

6 - . 10

Stand on dr nonconductive surfaces when testing live cCircuits
Be sure the power is off when checking a circuit with an chmmeter
Do not use. meter leads with defective probes

Do not have both hards in a high voltage cabinet

Do not touch metal cabinet or other gr;)unded material
Wear eye protection

Use fuse pullers

Do not work on live voltage circuits by yourself

Do not assume that the’ power |s'off

Discharge capacitors with a ‘bleed resistor before removing ar testing
five of the followmg:

Keep store-:.d IQ proper cases

Avoid bumping or jolting

Use only for intended purpose

Use within meter range hmits

Avoid exposure to extreme temperatures

Keep clean

Keep dry

Set meter in highest range prior to taking reading

124




4, a. Ammeter
b. Multimeter .

' ¢,  Wattmeter

d. Hermetic analyzer

Ohmmeter

EEMEREE AL !
4]

f.  Capacitor analyzer

E g. Voltmeter )
Eé' o ﬂ ~ '
3 5 a 3
>
3 -
3 R
b. "5 .
;: (o 4
5 d 2 :
r e. 1 '
f. .6 + h
. 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 Discusston should include.

a .Open circut

1) Most freqguent circuit problem
. \ 2) No path for current tlow

3) Caused by
a) Pitted contacts

o

b} Defective relay coil
c} Broken wire
d) Blown fuse

)  Trnpped circuit breaker

) Open switch ' /

4) Voltmeter will indicate voltage across an open /

ERIC R & 2
ERIC

.
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b Short circut

3
second most frequent circuit problem

—r

2) Electrical circuit that h=s a lower resistance tan tended
3) Infications ‘
a) Blown fuses

b)  Tripped circuit breakers

c) Melted wires

.

-t

d}  Swollen run capacitor cans
e} Blackened terminals
f) Burnt case

C Grounded circuit

1) A high resistance path that current may take to a2 common ground
2} May not cause a blown fuse or trnipped circuit breaker
33 May be deteimined with ar ohmmeter

al  Check from lead or termiral to a common 1w

b)  Meter will indicate a medium to high resistanze 0 _lding
8 a Select range
b Hoid leads together
. Check to see that the needle moves to the extrame right
G Ahan the needle directly ovet "0" or, the ohm scale

‘

L Zero ohmneter each time before using or when chanuira run

9 o Poriormance skills evaluated to the sawusfaction of the instruci

‘ 12€
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ELECTRIC POWER
UNIT HI

UNIT OBJECTIVE

After completion of this unit, the student should be able to match terms, arrange in
order the steps for distnibuting power, distinguish between single-phase and three-nhase
current characteristics and select functions of a transformer. The student should also be
able to hist three ways of providing ground protection, discuss the types of three-nhase
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.

< SPECIFiIC OBJECTIVES

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

i Match terms associated with electric power to the correct definitions.

[N

Arrapge in order the steps for distributing electric power.

3. Distinguish between single-phase and three-phase current characteristics.
4 List three meti.ads of grounding an electrical circuit.
a . ~
5 Seiect the functions of transformers
£ Discuss the types of three-phase supply.

List six major causes and three effectc of low line vaitage.

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

127
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ELECTRIC POWER
’ UNIT 1l
SUGGESTED ACTIVITIES

{.  Instructor:

A. Provide student with objective sheet.

B. Provide student with information and assignment sheets.
- C. Make transparencies.
D.  Discuss unit and specigic objectives.
E. Discuss information and assignment sheets.
F. Invite a power company representaive to talk to the class.
G. Reemphasize electrical safety rules covered in Units | and Il.
H. Arrange a field trip to a power plant.
. Give tést.
Il.  Student:

Q> A. Read objective sheet.

Study information sheet. ,

w

C. Compiete 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

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

123
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]
- . ELECTRIC POWER
e . UNIT 1]

INFORMATION SHEET

. I. Terms and detimitions

A.  Single-phase--Alternating current circuit with only two current carrying
conductors 4

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

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

- ]
D. Grounded conductor--System or circuit conductor which 1s intentionally
grounded, colored green or bare wire

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

(NOTE The neutral conductor 1s 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--Tranfortner which increases the secondary voltage

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

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

I. Primary vpltage--Voltage sur}fﬁed to the input or primary winding of a
transformer .

J.  Leg-Term used to 2signate one conductor of a power supply

”
K. Secondary voltage--Output voltagz, or the voltage that is supnhed 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

Il Power distribuiion (Transparency 1)

A, Powei generating plant

. B  Step up transformers .
- \\_.../'/
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INFORMATION SHEET

Functions of transformers

A

B

Step Up
1. Increases voltage
2. Decreases current
(NOTE: By increasing the voltage which in turn will decrease the
current, electrigity is eastly transmitted over long distances with
relatively smali transmission cable.)
Step-Down
1. Sieps down transmission power line voltage

.
2. Increases current

Examgle: 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 irto the house must be large
enough to carry in excess of 1256 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

Three-phase supply

A.

B.

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 w:*h
a contactor.)
Four wire delta {Transparency 4)

1. Voltages . -

a. Two 120 volt single-phase circuits

132
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INFORMATION SHEET -

bh. One 240 volt three-phase circuit

c. Three 240 volt single-phase circuits

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

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 cichits
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.)
Vil Low hine voltage )
A Causes
1. Undersize wire
- 2 Long runs of wire
3. Loads in series
4. Poor connections . .
5. Power supply
‘ o Undersize transformer
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1.

2.

3.

~

: INFORMATION SHEET

B.: Effects on motors

Reduces starting torgue
Reduces running efficiency

Increases temperature rise

134
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 Ground. Ground Wire—.
Ground Wire around Wire—. —..
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Three Wire Delta

Ungrounded ) ‘ Grounded

/

Hot Hot

——— 220 \F-t-e- 220 V —>

- 220V————">

w08 BOF

———
met—
e
-
-

O(NOTE: Test meter may indicate some voltage reading.)
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Ground

(R
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d 1

: NOTE: This is the wild leg or stinger leg and is not user for
120v single-phase since its voitage is 200 volts.
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Four Wire Wye

e-208 vizos v-»iI

_]L 7
= Neutral
%,
7
Hot Hot | Hot

\
208 V 120 V

120V ———

120V

<
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ELECTRIC POWER
UNIT I

-

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

Ed
L

<

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 mon:h the readings appear as on dials
in lower row. Reading as before, we obtain 3592 (KWH) Kilowatt hours. The
difference is as follows:

Thismonth'sreading . . . . . . . . v« v e e e e e e e e 3692
Lastmonth oreading . . . . .« . o o e e e e e e e e 3456
Kilowatthoursusedinmonth . . . . . . . . .o o i v v i v e e e 136

The electric meter on the house indicates how much current has been consumed ina |




. ASSIGNMENT SHEET #1 ‘

1. Read the following dials:

ans,

2. Read the following dials:

ans. . . ‘

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

ans.

144 ®
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1.

Match the terms on the nght to the correct definitions.

[y

d.

ELECTRIC POWER
UNIT 11l

NAME

AN
ACRNI - 129-A.

N\

\
\ -—

TEST

&

Output voltage, or the voltage that Is

supplied from the secondary side of the \

transformer

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

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

Alternating current circuit with three
current carrying conductors

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

/

Term used to designate one conductor
of a power supply

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

Voltage supplied to the input or primary
winding of a transformer

Alternating current circuit with only two
current carrying conductors
Transformer  which  decreases the
secondary voliage
Transformer  which  increases the
secondary voltage

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

146

1.

10.

n.

12.

Electric
watt-hour
meter

Step-down
transformer

Equipment
ground

Neutral
Three-phase «

Step-up
transforme:

Primary
voltage

~

Grounded
conductor

Single-phase

[1] "'lOt"
conductor

Secondary
voltage

Leg
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2. Arrange in orcder the steps fm distributing electnc power b/ placing the corsect
’ sequence numbers in the appropriate blanks, beginnag vatt por of ongn andi
gong to porni of wrmination
a  High hine transmission cables across country
b Gircurt hox - ‘
i c. Step-up transformers .
d. Individual circuits
e, Substetion step down transformers P
’\ - {. Power generating plant
i ——
Y - ) .
. 4 Service to mdividual home or small husiness
h High hine transmissign cables within city
A . Step de { TS le
\ B :p down transtormers on power pole
3. Distinguish between single phase and three phase_currents by placing an "S" in
"
\ tront of the single phase charactensucs and 4 "T" (n front of the three phase
. characterstics
\\
\
: N & Twe current carrying conductars
! N
f: < N b Fewer service problems on motors
.  Cuan be taken from a threephase supply .
e -
¢ Generally used for residences and small commercial applications
. o, Generatly commercral and industrial installations
) { Several voltages from 12 volt to 240 volt
ylt[
. Needs no motor starting capacitors
o Mators frequently require starting components
Vodage halance 1s important
i Can bhe used to supply single phase power
4 List three methods of grounding an electncal circunit
]
i
b.
¢
!
O
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N P

} . 5. Select the functions of transformers b\! placing an "X" in the apprapriate blanks.

a. Increases voltage
- .

s b. Rectifies direct current electricity

2 c. Converts amperes to krlowatt hours ' \
ol . ) d. Increases ;:urrent

F . . e. Steps-down transmission power line voltage

f. Changes 60 hertz current to 60 cycle current .

w

g. Decreases current

6. Discuss the types of three-phase supply. ’

Aruitoxt provided by Eic:

o~
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List six mdjor causes and three etfects of fow line voltage.

-

a4 Causes

b Effects

3

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

{(NOTE If this activity has not beeri accomplished prior to the test, ask your
instructor when 1t should be completed.)

Ead

A
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ELECTRIC PCWER
UNIT Il

ANSWERS TO TEST

a. 11 g M
b. 4 h, 7
c. 10 L9
d.. 5 . 2~
e. 8 k. 6
f ‘ 12 | 3
a. 3 / f. 1
b. 8 g 7.
c. 2 h. B
d..‘r 9 ! 6
e. 4 ;

a. S f. S
b. T \Ng::f\T
c. S h. S
d S i T
e. T . T

-a. Cold water pipes

b. Metal stakg”.

c. Metal case of main distribution oane
a,.d, e, g e
Discussion should include:
a. Three wire delta

1) Voltages--24/0, 440 or 550

a) One three-phase circuit

b) Three single-phase circuits

150

’

. ACR !l ¢ 133-A




ERIC

Aruitoxt provided by Eic:

8

b Four wire delta

C Four wie wye

2) Grounaed or ung ounded '

1} Voltaggs
a)  Two 120 volt sing'e-phase circuits
b}  One 240 volt trjreephase circuit
¢) Three 240 volt single-phase circuits

<) A "wild-leg" which 1s not used for single-phac2 power

N\

£y

1) Voltage. ?08/120 or 480/277
al Three 120 volit single-phase circuits
b)  Three 208 volt single phase circuits

¢) One 208 volt three-phase circuit

151

2) Enables easy balancing of circurts .
3} Transformer neutral must be used for ground
a Causes
1 Undersize wire
2 Long runs of wire
K Loads 1 sertes
4 Poor connectgne 1
|
b Power supplv
3 Undersize transiormer 1
b [zffects on motors
1 Reduces starting torqgue
2 Reduces unning efficiency
-3 Increases temperature rise /'\\‘ ‘
/' N
Performance skille evaluated to the satisficunn ot the instructor .
|
l
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BASIC ELECTRIC THERMQSTATS
. UNIT |

UNIT OBJECTIVE
{

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
stude.'t should also be able to demonstrate the ability to determine heat anticipation and
install a wadll thermostat. This knowiledge will be evidenced through demonstration and
by scoring eighty-five percent on the unit test. i

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. |
0 3 Identify parts of a low voliage thermostat.
4, Identify parts of a milnvolt thermostat.
5. Identify part. of a line vcltage thermostat. !
6. Identify types of thermoscat contacts. j
7 ldentify shapes of thermostatic bimetals. %
8 Discuss the ooeratine »f a thermostatic bimetal 1

5 Discuss thermostat anticination.

18 Discuss tive chardacteristics of a - +n-stage thermostar

11. Discuss the advantages of time controlled thermostats.

12. Select guidelines for correctly installing a room thermostat.

13. List the applicat' »ns of low voltage, millivolt, and line voltage thermostats.

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

ERIC

'




9
-

i 15. Demonstrate the ability to: ‘

i a. Wire mercury bulb to correct terminals.
b. Determine heat anticipation.

¢. Install a wall thermostat.

153
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BASIC ELECTRIC THERMOSTATS
UNIT |

SUGGESTED ACTIVITIES

. Instructor:

A Provide student vith objective sheet.
Provide student with, information, assignment, and job sheets.
Mane transparer.cies.

Discuss unit and specific objectives.

m o o W

Discuss information and assignment sheets.

.1

Demonstrate and aiscuss the procedures outlined in the job sheets.

Show students actual thermostats and components.

T o

Construct a practice thermostat wiring board.
.  Discuss the adjusting of wall thermostats.
J.  Gwe test.

' ff.  Student
A. Read objective sheet.

Study information sheet.

Complete assignment and job sheets.

o 0 W

Take test

INSTRUCTIONAL MATERIALS

I included in this umit
A. Obijective sheet

B. Infor~ tion sheet

C. Transpar.ncy masters

1. TM 1--Low Voltage Thermostat Parts
2 TM --Miltivolt Thermostat Parts
‘ 3 TM 3--Line Voltage Thermostat Parts

. 154
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4. TM 4--Tharmostat Contacts
h. TM 5--Bimetals

6 TM 6--Thermostat Subbases

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
References:
A. Heating and Cooling Controfs. 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, Hlinots: Goodheart-Willcox
Company Inc., 1976.
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BASIC ELECTRIC THERMOSTATS ’
UNIT |

INFORMATION SHEET

Terms and definitions or descriptions

A.

Bimetal--Two metallic alloys bonded togather which have different retes
of expansion and will warp when exposed to a tempesature change

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

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

.

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

Bellows--A corrugated cylindrical container which rnoves as pressures change

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

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

Millivolt--Voltage which is generated by a thermocouple’ used for heating
only

{NOTE: A millivolt s one thousandth of a voit, and in heating systems
the usual range 1s 35 to 750 rallivoits )

Invar--Metal which is ~n iron and nickel allov

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

Cooling anticipator-Generally a fixed resistor wired paral'el to the cooling
contacts which will generate a small amount o heat and cause the contacts
to close early

Types of thermostats

A.

B.

Low voltage

Millwolt

156
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INFORMATION SHEET ‘

C. Line voltage

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

1. tHeating or cooling
2. Refrigeration
1. Parts of a low voltage thermostat (Transparency 1)
A. Bimetal temperature sensing elem;:nts
. (NOTE: This is generally a bimetal.)
B. Erectrical 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 anucipator
F.  Cover

Thermometer

o

H.  Subbuase
{NOTE: Be sure the subbase matches the equipment.)
I Manual switches
1. Fan ,witch
2 System switch

ItV Parts of a mithvolt thermostat (Transparency 2)
A Bimetal temperature censing element

B Electrical contacts

1 Mechanical pomnts

J Morcury bl .‘-

157
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V.

ACR Il - 7B

INFORMATION SHEET

C. Manual temperature selertor
D. Heat anticipator
E. Cover
F. Thermometer
G. Subbase
Parts of a line voltage thermostat (Transparency 3)
A. Temperature sensing element
1. Bimetal
2. Gasfliquid filled bulb
B. Clectrical contacts
C. Range adjustment kncb
D. Differer.tial adjustment screws
1. Cutin
2 Cut-out .
Thermostat con*acts (Transpi.— acy 4)
A. Snap action
1 Single pole single throw
2. Single pole double throw

INOTE Come snap action thermostats wiil 15 a nragnet at the contacts
to make them close guicker and prevent arcing of ihe points.)

3 Mercury buth
1 Single pole single throw
2 Single pole druble throw

(MOTE These mercury bulbs are vacutr  sealed to jaevent arcing )
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{NFORMATION SHEET o .

V!l Shapes of thermostatic bimetals (Transparency 5)
A.  Helix
B. Cantilover
C. "U" shaped
D. Spirat
E. Snap-disc
viit. Operation of a thermostatic bimetal
A. Two different metals bonded together .
1. Brass Expands rapidly
2. Invar--Expands slowly
B Warps when teated or cooled due to different rates of expansion

C. Warping action causes opening or closing of thermostat contacts

IX. Thermostat anticipation

A. Heating ‘

1 Thermostats with bimetal sensing elements
2. in series with thermostat contacts
3 WO tynes

a Fixed- Carbon resistor
b Adjustable--Var.able resistor
4 Setting dewermined by current draw of load
d Gas walve solenoid
b flectric heater contactor
{CAUTION  Never bypass the control load with a jumper wire
or other device, as tius will cause the heat anticipator to open.

This may also cause the anticipator to overheat and cause a fire.)

MNOTE The anticipator on a millivoit thermostat must be p'~2ed
dirc ety agamst the bimetal. These should only be used on 750

TP TTE SRAVAS T AR .
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B.

X. Characte[istics

A.

B.

Cooling
1.
2.

ACR Il - 9-B

INFORMATION SHEET

Generally low voltage wall thermostats -

Carbon resistors

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

3.

!
¢ .

Cooling

1.

> L.

Heating

m

Resistance of anticipatof is determined by the current draw of
the contactor coil

Parallel to thermostat contacts /]
of a twe-stage thermostat
Controls two cooling capacities '

Two switches on one bLimetal, usually mercury bulbs

Two degree differential between switches

" "

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

temperature

!f termperatureocontinues to'rise second stage will close at
approximately 4°F above "set" temperature

Both switches will be open at "set" temperature

Used for e following heating situations:

a. Gas heating with dual gas valves

b. Electric furnaces with extra strips

c., Heat pumps with electric strips for supplementary heat
Two switches on one bimetal, usualfy mercury bulbs

Two degree differential between switches

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

temperature

If temperature continues to drop sccond stage will close at
tt

approxiinately 4°F below "set" temperature

Both switches will be open at set temperature

160
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INFORMATION SHEET

C. Combinations -
1. Two-stage cooling and single-stage heat
2. Two-stage heat and single-stage cooling
Advantages of time controlled thermostats
A. Aultomatically lowers temperature at night
1. Provides more comfortable sleepir;g

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 dufing the day

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

the occupant arises
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 tocate 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 artificial heat or cold such as:

1. Television sets

2. Lamps

3. Direct sunlight

4, Drafts

5 Walls adjacent to bathrooms
6. Kitchen walls

161
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‘ ‘ INFORMATION SHEET
XIi1.  Applications of thermostats
A. Low voltage . | %
1. Central heating systems ,
2. Central cooling systems
B. Millivolt

(NOTE: This typg of thermostat is used primarily on gas heating
equipment.) .
: P

\ 1. Wall h‘ tgrs
2. » Floor furnaces
3. Central heaiers

(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 aii conditioners -
5. Ventilators

X1V, Thermostat - tbase erminal markings (Transparency 6}

|
l

A "V or "R"-Power supply i

B. "F" or "C"-ran |

C "H" or "W"--Heat on single stage “u ¥{

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

E. "H;" or "W,"-First stage 'on two stage heat

F. ”HQ" or "Wy"-Second stage on twc stage heat f_:;

G. "Cy" or "Y4"--First stage on two stage cooling

H  "Cy" or "Y,"-Second stage on two stage cooling

{(NOTE" The majority of the 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-Pcwer heating transformer
J.» Rc-Power coohng transformer ) ,

(NOTE. Some systems are separate control power transformers, and the Rh is
the power 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, the
Rh and Rc must be connected togéther.) -
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1

Permanent N\ qnet N\

\ Fixed Contact 5
f

Mechanical Point Electrodes

Wectrical Contacts

Manuzl Switches

%

Low Voltage Thermestat Parts

e

Tube i\ Lar
4 :

-

% Moving Contact
\ /\ s’/

Bimetal Temperature Sensing Element
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— Subbase

Cooling Anticipetor

cury Bu'b

a/

Mercury

Adjustable Heat Anticipator

Manual
Temperature Selector




Millivelt Thermostat Parts

Manual Temperature Selector Tube

Thermometer Electredes

Bimetal

Mercury Bulb

Electrical Contacts— 5

P

.

./

Mercury

Heat Anticipator

gy
e N

Mechanical Points
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Line Voltage Thermostat Parts

To Temp. Controller Mechanism
Bellows Bimetal

| Temperature Dial @

Electncal Contacts
Lo ‘ \ Remote Temp. Sensing Bulb
2N aﬁ Heating Or ~
o~ T 9 s . , A
e \ 1\ Cooling Selection S
ThaR] (e U 9“‘“ 2 Range Ad
| 3 i &S ange Adjustment
| N _ Cut- Out/ N— M
Therma! Sensitive Tubing R 8
Cut-In |[ “M Ml > -
Heat/Cool Thermostat N - -
8Y &
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Thermostat Contacts

; . . lectrical Contacts
Electrical Contacts E

Single Pole Single Throw - Single Pole Double Throw

Mercury Bulb . Mercury Globule

. SN
e

Mercury Globule
Single Pol2 Single Throw Single Pole Double Throw

3 171

- 11 HOV

8-61




* N

Bimetals

‘U’ Shaped -

Snap-Disc
%j\
Rotary Movement A
@ Movement (Warpage) ’
Cantilever Spiral
2
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ACR- II

BASIC ELECTRIC THERMUSTATS
UNIT ! oo

ASSIGNMENT SHEET #1-WIRE MERCURY BULB TO CORRECT TERMINALS

3

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 ELECTRIC THERMOSTATS
UNIT | .

A

ANSWER TO ASSIGNMENT SHEET
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BASIC FLECTRIC THERMGOSTATS
UNIT |

-

JOB SHLET =1 DETERMINE HREAT ANTICIPATION

Tonls and materials

A Amrmeter

B Cot of wire- 10 loops

o Hectng umit with 24v control

Procedure

A Disconnect power from heater

8  Pluce ccii of wire in series with one side of heating control {Figure 1)

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

/= Therm e

Transformer <:\

IR (R S A

Coas o Thiermostat o setting above  the ambe ot
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Aruitoxt provided by Eic:

s

JOB SHEET =1 ’

Clan arvineter Unongh the coil of wire (Fiqure 2)

Thermostat

-,

f /‘

To Burner
)

Take ammyeter reading

Sivich e regding by oen

Seatrper Arameter readma 4

0= 4
SOTD Tos s the noral antian itor setting.)
AP Logt nvcpanr on o termostal
LOTER T U monatiacturers of hegting controls will print the ampere draw

Gt contiol o the stde but s case it s not the above procedure mny

feoped o deterrame gt
o 00 gt it

»\ e TR Tar Ren SRR Y AR ;:,(;‘Hh‘r
]

fae st gty dheek the s mtCipator wtng

Do bt oy ool o
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BASIC FLECTRIC THERMOSTATS
° UNIT

ot oreatenals

Cetoti serewdniver

l
|
J
|
1
JoB SHEET =2 INSTALL A WALL THERMOSTAT 1

SeratGee and

Wire strippers
Pod ket screwdriver
Screw starter

=
t

,.
.
PRy
53
<
~
s
(29
3
-
=
j
A
-
(o9
—
v
jon)
c
o
&
(¢7]

Hieat cool thermostat

Fooo conductor thermostat wire

deooate o on il tor thermestat

a3ne e from toor B4 to 60 nehes

* 3 o0t to center sdbhase
o Phow Loy e gedd iumer it
- o ue N S0 ase
Faroape s pote oyl .
0T ety oan s sometanes uwedd for addition d accuracy o
: W tor amunting serecs P 1

TN T ) DTty o
) /,7,. oo ;\7 -
~ e L, [ ¥
S TN —///

so .




JOB SHEL T =2
2 \h)‘tk Loty o e center ot L elongatod siots
i Move subibae .
‘Y
J Use surarch aad [, aak 2 serov Doy
", Flace subbiase on wig'h
L. Start seraevs
N Ched tor fewd
N Togheon swions and rochecr fovel
k4 L]

O Sine theroaostal wore throagh the proper opeming

5 D0 1ot e any vries crossing the center of the subbase
O Stpp U2 ot vsgtaran off of each condustor
— - . [ " ' T At
I Conelt od w0 ROoor VT wermindl
. N oy \
Y Cancert e oy e to Wor teriving!
- ~N ot i .
T Coopect greer Lol o G0 or TF terming!
LoH [N - R
U Corneet oty e g o O terman y
-
e T [ . v N R | N IS e Inste (i [2 ey
AOTE Sore vate vanutactarers have g blae o are anstead of g e 0
prec o et iat Lable )
Y\ Dot e back o that tany calh pat plerfere vath e e !
W e e Mran 1 v toe eres eatered
.
Yoo My st ek oy ovr o oath ’
oy, 0 Lt et TR S TS ~
LT B S SRS SR g betore L, tennn foy areny .
CpLt
’ o HECR dat ! .
AT Doy o vy oy g e prmonat froame cubvase wave the soree
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| ACR
BASIC ELECTRIC THERMOSTATS
UNIT |
1 NAME
i TEST
.h
, 1. Match the terms on the right to the corroct definitions or descriptions.
a. Generally above 50 V.AC. 1. Thermostat
air-conditioning and refrigeration
controls - ‘ 2 Heat

. anticipator
b. Two metallic elloys bonded together

which have different rates of expansion .3 Millivolt

and will warp when exposed to &

temperature change 4, Subbase
c. Voltage which is gerera.cd by a 5. Bellows

thermocouple; used for heating only
6. Mercury bulb
d. A corrugated cylindrical container which

moves as pressures change 7. Invar
, 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 Jhich  senses  lemperature 10 Low voltage

* _condr nis and, in turn, acts to control

a cicuit 1. Cooling

} anticipator

g. Thermostat contacts consisting of a
small amount of liguid mercury sealed
in a glass tube .

h  Meta which 1s arriron ar : nickel aiioy

. ‘ 1. A 24 V.A.C. circuit in air-conditioning \
and reingeiation controls

| A small, usually variable resistor in series

with the thermostat contacts ard load

which will gencraie a smatl arnount of

1 heat and cause th2 contacts to open
early

k Gererally a hixed rruistor wued paraliel
t. the eooling contacts which will -
gererate a small amount of heat and

. cause -the contacts to close early
' ° e

: El{lC 152

N .
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Name three wpes of thermostats

2

a.

b

fdenuify the narts of a low voltage thermostat.




4.

Identify the parts of a millivolt thermostat.

- 35-B
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5.

fdentify the partg of a line voltage ermostat

{
/_/»—“———, -
~
/ ~
: 5]
| oj
g A
o =50 o
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ol qoj g/t d
—_— : i i e




ACR Il - 37-B

' . 6. Identify the following thermostat contacts by name and switching action.

L 7
a b.
7 .
OR .
= . ;" -
c. d.

7. Icentify the following shapes of thermostatic bimetals.

e




388




10.

Discuss the characteristics of a two-stage thermostat.

i.

b.

Cooling

Heating

ACR I - 39-B
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Aruitoxt provided by Eic:

11.

c. s Combinations

e

Discuss the aclvaiitages of time controil:.t thermostats

-

.

Select -quidelines for correctly mstathng a room thermostat Hy plac: o gt

i the aspropnate blanks.

. -

~a May be mounted on ary wall

S n. Locaté in eoni.noned area

- ¢. Locate 4' above the floo:

d. Must be level

+

e. Locate behind a door for protection
f. Must have normal air circulstion

g. Locite on outside wall 4 6" to 5 above fo

s

ho Kcep away from sosrees of artifaodi boat or codd

. v ] 1t 1
L Locate on mside wall approxuaately 4060 oo

7 o 3 | i
VS g e e openen an the

hY a
[}

=




*\

- -
13. List the thermostat applications. .
a. ' Low-voltage \ )
-~ - K v - e
1. N
: ‘ N ‘e
' 2. {
.6 - N
- e =~
. b. Millivolt
1.
2. ) -
- ’ - \ -
‘ K N
- o
c.~ Line.voltage
™ RO s
L -
2
|l{7
N . 3'
' 4, ’
b, -
‘ * 4
14. . Match the low voltage therMpstat terminal markings dfi the.éfgg,tp the proper ,
c0mpon$nt. Each component may be used more than once. ‘ ) '
4~ v ’
a. Cy 1. Second stage on two stage heat
oy b, v 2. Fan
c. G 3. Power ¢ooling transformer |
- & S . :
Hy ™y * 4, Second -stage on two stage cooling ;
- |
. e . . : |
Rh {\\/ : Moolmg on single stage . L
. N o o
Yy 6 _Power supply . 1
S
: . . - .
I T . % Heat on\:‘smi.ﬂ__;}t@ge
L 8. First st.ge 'on-“two stage cooling
| ) ’
i F 9 Power "heating transformer
Wy (’10. First stage pn two stage heat

[y
<O
<

¢

]

/




15, Demonstrate fhe ability to: \ |

a. V\*ll’? mescury bulb to correct terminals.

b. Determine heat. anticipation.
™~ 02
c.  Install a wall thermostat.

’

.

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

~
~
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' BASIC ELECTRIC THERMOSTATS
UNIT |

ANSWERS TO TEST
»

1 a. 8 g 6
b. 9 h. 7 °
c. 3 ' 10
d b J 2
e 4 ko 11
}6 f 1
k 2. a. Low voltage ’
b.  Millvolt ’
c. Line voltage
1. Heating or cooling

. 2. Refrigeration_

3. a. Adjustable heat a{mcipator
b.  Manual switches
c. Subbase
J Cooling anticipator
e. Bimetal temperature sensing elefnent

f Mercury bulb

, g. Bimetal temperature sensing element
e R
A,
h. Mechanical points
1. Thermometer
1. Cover

k. Manua! temperature selector

4. a. Subbase

‘ . b. Mechamical pomnts

Q. 192




d

e.

Bimetal temperature sensing element
Mercury bulb

Bimetal temperature sensirg element
Heat antic:pator

Thermometer

~Manual temperature selector
Gas/liquid filled bulb temperature sensing element
Bimetal temperature ;sensing element
Electrical comacts

Range adjustment knob

Mercury bulb, single pole double throw
Snap action, single pole doubfs throw
Snap action, single pole single throw
Mercury bulb, single pole single throw

"U" shaped

e

Discusston should include:

a.

Two different metals bonded together

Brass--Expands rapidly

Invar -Expands slowly



ERIC

. c. Warping action causes opening or closing of thermostat contacts

: ACR Il - 45-B

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

u

Discussion should include:

a. Heating
. 7
1) Thermostats 'with bimetal sensing elements
2) In series with thermostat contacts

3) Two types
a) Fixed--Cérbon resistor
b} Adqutable--‘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 thermostz;ts . Lo~
2) Carbon resistors
3) Resistance of anticipator is determined by the current draw of
the contactor coil. .
*4) Parallel to ther‘mostat‘contacts-
Discussion should include: * n
4. Cooling ’ °
1) Cor’\trols 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 tihe "set" -
) temperature
5) If temperature continues to rise second stage will close at

approximately 4°F above "“set" temperature

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

o
7

194
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11

12,

13.

C.

1

2)
3)

4)

5)

G

1)

2)

1

"~

r4

Heating

)
)

~

Used for the following heating situations:
a) Gas heating with dual gas valves

b) Electric furnaces with extra strips

‘¢) Heat pumps with electric strips for supplementary heat

. 3 .
Two switches on one bimetal, usually mercury bulbs

Two degree differential between switches .
First stage closes at approximately 2°F below the "set"
temperature '

if temperature continues to drop second stage will close at
" 1

approximately 4°F below “set" temperature 7
Both, switches will be open ab set temperature
'l

.

Combinations

™o

Two-stage cooling and single-stage heat

Two-stage heat and single-stage cooling

Discussion should include-

Automatically lowers temperature at night

d .,
1) ©  Provides more comfortable sleeping
2) Conserves energy
a) Sumrner by lowering temperature at night when equipment
_runs more efficiently -
b) - Winter by reducing the orn time of heating equipment
b Automatically increases temperature-during the day
(e . )
C Convenignt in winter because the increase 1n temperature occurs early before
the cccupant arises
b, d f h 1
a. Low voitage

Centrak heating systems

Central cooling systems

195




L

14.

15.

~
b. Millivolt

1 Wall heaters
2) Fioor furnaces ’ 9
3) Central heaters

c. Line voltage

1) Window air conditioners

2) Domastic refrigeratior

3) Commercial refrigeration

4) Industrial air conditioners

5) Ventilators

a. 8 i 1
b. 6 k. 3
c. 2 I 4
d 1 m. 7
2. 9 n. 5
f 8 o. 4
g 6 p. 10
h., 7 g b
Lo 2 r. 10

«

Performance skills evaluated to the satisfaction of the instructor
/

"b

ACR Il - 47-B°




RELAYS
UNIT Il

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 eiectrical 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.

2.

10

11.

12.

Match terms associated with relays to the correct definitions.
Identify motor starting relays.

Identify control relay switching symbols.

Match the comprnents to the correct reléy terminal markings.
List the selection specifications of motor relays._

List the six specificatic;ns of a contactor.

Discuss the characteristics- and types of time delay relays.
Draw the cornecting wiring of a hot wire relay.

Draw the connecting wiring of a current rela;/ (coil type).
Draw the connecting wiring of a potential reiay.

Draw the connecting wiring c;f a fan relay.

Draw the “connecting W|r|rng of a contictor. .

Demonstrate the ability to:

a. Wire a current relay (hot wire).

b. Wire a current relay (coil type).

Wire a potential relay.

]

d Wire a fan relay.

197
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,

~

Caeck relays with an ohmmeter.

Check relays with a voltmeter.

-

Check relays with "an ammeter.

198 .
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RELAYS .
UNIT

SUGGESTED ACTIVITIES

Instructor:

A. Provide student with objective sheet.

B. Provide student with information and job sheets.
C. Make transparencies.

D. Discuss unit and specific ob]ectlv'es.

E. Discuss information sheet.

F. Demonstrate. and discuss the procedures outlined in theajob sheets.
G. Draw a completg relay wiring diagram on chalkboard. ’
Demonstrate checking reiays with elect-ical test instruments.

. Give test.

Student:

A Read objectl've sheet,

B. Study information sheet.

C. Complete job sheets.

D. Take test ¥

INSTRUCTIONAL MATER!ALS

Included in this unit:

A Objective sheet

B.

C.

Information sheet
Transparency masters
1. TM 1--Motor Starting Relays

2 TM 2--Contactor

139
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3. /TM 3-Time Delay Relays o .
4 TM 4 Wiring for a Hot Wire Relay .
5 TM 5-Wiring for a Current Re‘Lay {Coil Type)
6'. ™ 6--Wi'r|ng for a Potential Retay
7 T™ 7-Winng for a Fan Relay ‘ .
8 T™M 8--Wirng for a Contactor .
D Job sheets
1. Job Sheet #1--Wire a Current Relay. (Hot Wire)
2 Job Sheet #2-Wire a Curtent Relay {Coit Type)
3 " Job Sheet #3--Wire a Potential Relay
4 Job Sheet #4-Wue a Fan Relay
5 Job Sheet #5--Check Relays With an Ohmmeter .
6 Job Sheet #6--Check Relays With a Vcitmeter
17‘ ’ Job Shee. #7--Check Relays Wifh an Ammeter ‘
E Test

Ly

F Answers 1o test
I References

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

B. Althouse, Andrew D., furnqurst, Car| H.; and Bracciano, Alfred F. Modern

Refr.geration and Air Conditioning. Homewood, !llinois: Goodheart-Willcox
Co, 1975.
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' , ' RELAYS .
: : . ¢ UNAT NI C

; " .~ " INFORMATION SHEET . .

: I. Terms ard definitions ' P ' ’,
D Y
A. Relay- Electromagnetic “switch T
B. Time delay relay--Provides a predetermined interval between operations of
a device - '

C. Contactor--Magnetic relay switth which ysually open$ and closes a line
“voltage circuit, actuated by a control cirCuit magnetic coil

D Potenual relay- 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. Current relay (coil type)-Motor 's’taqting relay that disengages- the start
winding. after the compressor motor reaches 75% of 115 rated speed; used
- d 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 useC to energize and
de-energize pilot (control) circuits

Il Motot starting relays {Transparency 1)

A. Voltage relay (potential)

%y B. Current relay
1. Coll
2. Hot wire ’

C Sohd state relay
11, Control relay switching symbols 4

(NOTE Control relays are avatlable with many varnations of switches. The
common switching arrangenients are given below.)

\

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

I L
o— T 0




- " INFORMATION SHEET ' ‘ ‘

~

. B. Single pole-single throw, mormally closed’ (SPST, N.C4 . . . ’
O—.—N——O ) T,
C. Sfr;g|e polé double throw (SPDT)\ .
. P i _ . |
. . . B R O 4 ’
0. D. Double pole single thrO\’N, normally open (D‘PST; N.O.) ' 'Y
- . &
v O - l I O ' - ~-
E. Double pole single throw, normally closed (DPST; N.C.) .
o——N o)
O ™~ 0 :
/ Ry -
, . F. Double pole single throw, normally closed and normaikh open (DPST, N.C.
3 and N.O.) ) .
- O | ——0 ,
! o—N—0
{NOTE. Circuit diagrams will always show a r‘ay in the de-energized * " .
position.} . ’
IV. Relay terminal markings .-
A. Current relays and solld sjate ) «

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

1. Terminal "L" connects to line voltage
’ . ‘ . < .
2 Terminal "M" connects to meter run winding ~N
“ “ . (NOTE; Some relay manufacturers may mark this terminal with
- . ‘ an "R".)P . . . x.
' 3. Tergpinal "S" connects to motor start winding ’ - -
i (NOTE: Some relay manufacturers mark this téfminal witha "P"
. . for phase winding and others mark it with an "A" for auxiliary -
winding.) -
\
4, Terminals #1 and #2 are points for wire conr _.tjons
- (NOTE These terminals are not connected to the internal working

components of the relay ) - a . .

?. : 20:2
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“ L ' * INFOPMATION SHEET _ -
. . '; s e )
) \ S B Voltage relays (p~tentiual)
' ’ INOTE Sohd state relays used for this applicautlon have two unmarked
. termtnals wnich conrect {0 the run capacitor terminals.) . :
1 Termi.al #1 co;mnects to sta:rt capacitor
. ' l 2 Terminal #2 connects to mctor start winding
L » 3 Terminal #5 onnects to matnr commadn terr.w'xinal
. - ' 4 Terminals, #3, #4, and #6 are points for aire connectidwrs
‘L‘ ) - ' {NOTE: These terminals are not connected to the internal working '
. components of the relay.) o
] . A ) (NOTE Control relays such a',' fan relaysshave t'h.eir,termmal markings °
i ) _identtfied on the side [ the relay.) . -
. (CAUTION: Do not connect Inne'voltagé I‘eads onto the Iow.voltage coil ‘ ’
terminals of a conttol re.ay because this would ruin the relay.)
. ' V  Selection specifications of motor relays - ' . : .
- ‘ o A Cu;rent relay {coil type) - .
. - ' 1. Ongu;waI. relay part numoer ) s
o 2. Compreésor motn.r model number
3. Compressor motor horsepower
) 4 Voliage
5. Pos.tional
T 6. Equipment ‘roodel and serial numbt:ar ( o
B  Curient relay (hot wire type) . g
. . . ) 1 . Ongnal re!‘ay part nymbey
. 2 Conipressor mot.gr horsepower
' a 3 ., Compressor n:oto'r amperage
[
4 Voltage . ’ ‘ : .
b

‘ 5 Equipment model and sertal number
. - > !

‘ _ 202 _“3 o
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INFORMATION SHEET .
! C. Voltage relay (potental)
o .
1 Onginal relay part number
2. Compressor motor haorsepower ‘
Al .
3 Line voltage
: 4 Constant coil voltage
(NOTE: The constant coil voltage is the back EMF generated in
s the compressor motor start winding) .
-
¢ 5 Pick up voltage
6 Dropcut voltage
. D Sohid state relay
® T One size repla'res all current refays on 1/12 thru 1/2 horsenower
compressor motors
[y . . N -
., 2. One size replaces atl hard start kits on 1,2 thru 5 horsepower ‘
permanent split capacitor ccmpressc motors
3 Nonpositional
4 _Line vo'tage
(MOTE This type of relay s not recommended for use on
nonequahized systems |
' E  Contiol relay -
) 1 Ornginal relay part nymber
2. Cotl voltage
3 Ful! load amperage ot load being controlled
4 Locked rotor amperage of load being controlled
. 5 Switch arrangements
» \ $) Load horsepowor ‘
Qo N4

ERIC ‘

Aruitoxt provided by Eic:
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« INFORMATION SHEET

VI. Specifications of contactors (Transparency 2)

A Ongnal contactor part number

B. Full load

amperage of load

C. Locked rotor amperage of load

D. Number and positions of poles

g£. Coll voltage

Pr

F. Dimensiorns of contactor

VIl. Time defay relays (Transparency 3)

A. _Characternistics

4

1. Delays or sequences the energizing of loads
Example This type of relay 1s commonly used for electric
heating to prevent the total load from coming on
at ane time
2 Pilot voltage controlled
3 Line voltage contacts -

- {NOTE Some relays will have low voltage contacts 1n addition
to hine voltage contacts Do not get the two sets of contacts
confused.) -

B  Types .
1 Thermal warp switch
2. Magnetic coll and lever 1n an oil filled cavity
4
3 Motorized with cam actuated cotacts
VIIl. Connecting wiring cf a hot wire reiay (Transparency 4)

X Connectmt}'wnmg of a current relay (coil tyoe) (Transparency 5)

X Connecting wiring of a potential relay (Transparency 6)

X1, Connecting wiring of a fan relay (Transparency 7)

XIt  Connecting wiring of a contactor (Transparency 8)

- 578
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~ Solid-State Relay

Solid-State Relay o ©06
For PSC Compressor -

Current Relay (Hot Wire)
207
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@ Cdntactor

1 | 208 ™ 2




209

Thermal Switch

Motorized

Oil Filled

8-€9 - 1l 4OV
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Wiring For A Hot Wire Relay
{

Hot-Wire Relay Compressor Motor

\

N 120 Volts A.C.

> e
O v
o
)
o
™




T D10

Wiring For A Cunvent Relay (Coil Type)

To Thermostat
Or Switch

—

Compressor Motor

Overload

' s r/Star‘t Capacu;or

|
. -
Lo
...... ' Relay Contacts Normally Open

120 Volts A.C. -

213"
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- Wiring For A Potential Relay.

Start . -
(?apacntor\ Bleed
¢ - Resistor
S R
C
L2 Compressor Motor




L ]

Power Supply

Relay Contacts

; r |

Primary

TeiEs

|

|

| .
Fan Motor :

i Relay
r—L__» Controller | Coil

%L'\f

]
Transformer ~——-=—-—--

- e e ome o amm e

Secondary




.
. o
. » |

¥yt a,

Wiring For. A Contactor

Primary Secoﬁdaw

_
i o

L1 ' -+ - -
Power Supply Controlier
L2 1 |- -
. Transformer
~ 11 (
4 — |
(_‘r) 3 | -~
Contactor

Compressor Motor

e @E€L - 1 HOV

-

216




. . RELAYS -
) UNIT 1!
b - e
3
/
. / JOB SHEET #1-WIRE A CURRENT NCLAY (HOT WIRE)
i #ols and matenals N 4
A Screwdrwver (standard slot)
B Screw starter )
C Needle nose pliers ) .
w
0. Hot wire relay
) E  Refriggyation system '
- . A ¢
11 Procedure ) . .
2 K
+ ; . A Cﬁeck to be sure the electral power 1s disconnected from system
Iy i o ~
(CAUTION- Discharge start capacitor with a bleed resistor if the starting
. circurt has one.) . o .
D
= 8 Check horsepower and voltage rating of compressor mo{or ’ !
. . Fd
[ J .
C Check relay to be sure thatt is the proper size for the compressor moftor
’ D. ‘Remove existing relay ond 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 elegtrical component, 1t Is always a !
. good idea to identify the location of~each wire as It is removed.) |

P Connect line voltage wire to "L" on the relay \

v .
{ N
(NOWE. The temperature control» should be in the line wire. Refer to . *
) transparency for a wrring diagram.) Co o
\ G. Connect a wire from "S" on the relay to the start terminal on the
compressor motor , - t y
. (NOTT )1 the system requires a start cépacntor 1t must go In serigs hetween

"S" on the relay and the compressor motor start terminal )

H  Conncot awire from."M' nn the relay to the run terminal on the compressor

‘ motor B . . ‘ "ﬂ .
o

ERIC . "_ . ,1

A FuliText provided by ERIC
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JOB SHEET #1
Conne-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.)

Have instructor inspect

Connect electrical power .

Close temperature control

(CAUTLON: If the compressor motor does not start or if 1t short cycles,
disconnect the power and recheck. procedure.)

lfean up and put away tools

[

W




‘ RELAYS
UNIT It

JOB SHEET #2 VIRE A CURRENT RELAY (COIL TYPE) -

I. Tooils and matenals
A Screwdriver (standard slot)

B Screw »tarter

(@]

Needie nose plhers
D  Cureent relay

’ E’ Refrlge‘ration system

i. Procedure

A Check to be sure the electrical power 1s disconnected from system

(CAUTION" Discharge start capacitor with a bleed resistor 1f the starting

. circint has one.)

B Check horsepower and voltage rating of compressor motor

. C  Check relay to be sure that it 1s the preper size for the compressor motor
D Remove existing relay and wures from compressor motor terminals
£ Mark each wire as to i1ts point of connection as 1t 1S removed

(NOTE: When you are changing an electrical component, 1t 15 alwavs a
good idea to identify the location of each wire as 1t 1s removed )

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

. (NOTE- The temperature control would be 1n this electrical ine wire Refer
to transparency for a wiring diagram.)

G Connect a wire from "S" on the relay *to the start terminal on the
compressor moter —

INOTE" If the svstem requires a start capacitor, 1t must go in series between
"S" on the relay and the compressor motor start terminal.)

re Connect a wire from "M on the relay to the run terminal on the compressor

° nooto

~ TR




JOB SHEET #2

Connect the other side of the line to the compressor motor external overioad -
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.)

Have instructor inspect
Connect electrica! power

Close temperature control

N

(CAUTIQON: If the compressor motor does not start or if it sho}t cycles, .
disconnect the power and recheck procedure.) \ '

Clean up and put away todls

L
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Toaols and materals

RELAYS
UNIT 1l

JOB SHEET #3 WIRE A POTENTIAL RELAY

A Screwdriver (standard slot)
B  Screw starter
C Needle nose pliers
D Potuaitial relay
E  Refrigeration system
F  Start ¢ pacitor
Procedure
A Check to be sure the electrical power 1s disconnected
8 Check horsepower and voltage rating of compressor motor
.
C Check relay to be sure that it 1s the proper size for the compressor motor
D  Remove existing relay and wires from compressor motor terming:s
E. Mark edach wire as to 1ts point of connection as it Is removed
(NOTE When you are changing an electrical component, t 15 always a
good 1dea to identify the lccation of each wire as 1t (s removed
£ Connect one side of line voltage to one of the start Caparittor termmn Jds
™
G Connec. a wire from the remaining start capacitor terr nal to =1 on the
potentiai relay
INOTE The start capacitor should be cquipped with o hleed resistor )
H  Connect a wire from #2 on the relay to the start termingl on the corenressor

mator

Caonnect a wire from #5 on the jrelay to the commaon Tepmensd an the

Compressor motor




JOB SHEET #3
(NOTE: This wire may connect to one side of an external overload
depending on tne system used Check with the instructor if in doubt.)

J Have instructor inspect

K  Connect electrical power

L Close temperatuie contro!

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

M Clean up and put away tools




ACR Il - 81-B

RELAYS -
UNIT I

JOB SHEET #4-WIRE A FAN RELAY

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

Procedure

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

B. Locate the "hot" wire going to the far 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 wouid
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 rot start, disconnect the electrical power
andg recheck the procedure.)

Clean up and put away tools
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RELAYS
UNIT 11

JOB SHEET =5 CHECK RELAYS WITH AN OHMMETER

Tools anel materials

A Current relay {(col type)

B Potential relav

C Ohmmeter

Procedure

INOTZ  This procedure will not work to check a nonpositioral relay )
A Zero ohmmeter in R x 1 scale

INQOTE Al electrical power must be disconnected from the system and
4 wares chsconnected from a relay when checking it with an ohmmeter )

b Place ohmmeter leads on "L" and "M" terminals of the curiant relay

C Ho!d -e'ay in upnght position

C Read chmmeter scale
INOTE  If the ohmmeter reads approximately one ohm  the relay ¢oil s
abay, but if 1t reads mfinity, the relay coil 1s open )

£ Vove ohmmeter lead from “L" to "S" on relay

SVOTE 1 the ohmmerter reads snfinity, the relay contacts are open as they
oLt be but 0f ut has a low resistance reading, the contacts are stuck

NN
£ Turn oo upside down
o o s vivietes ) . n,\ i HSH I
3o Pagee ohmoeter jeads on M and terminals
SLOTE 3t the ohmmeter has a low resistance reading, the contacts are
aloay, but e reading sanfinity or hign resistance, contacts are not closing
1\11);)“:;')/ '

o Phee ohireneter leade on termungls #1 and #2 of the potential relay

1™ 1t the ohmmeter reads mfinity or high resistance  this indicates
Aot etse relay contacts, but of there 15 a zera ohm reacding this indica® S

vty tontac s




JOB SHEET #5

. Move ohmmeter tead from terminal %1 to #5

7

J. Read the ohmmeter

£y

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

K  Have the instructor check your work

L. Ctean up and put away tools and materials
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RELAYS
UNIT NI

JOB SHEET #6 CHECK RELAYS WITH A VOLTMETER

Tools and materials /

A Current relays ‘

B. Potentiat relay

C. Voltmeter

D Refriyeration systems

Procedure - )

A Place voltmeter function switch in the highest AC range

8. Place voltmeter leads or the "L" and "S" terminals of a current relay

€. 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 reacing 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 relay

H Read voltmete; momentarly after startup
(NOTE. At the instant of start the voltmeter will read zero, but as soon
as the compressor motor reaches approx!mately 75% of its running speed,
the contacts should open and the voltmeter wiil read ‘Ime 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 Clean up and put away meters
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RELAYS
UNIT 1l

JOB SHEET #7-CHECK RELAYS WITH AN AMMETER

Tools and materials ’
A. Current relays
B. Potential relay

C. Ammeter {clamp on type)

Ay

D. Refrigeration systems

Procedure

14

A. Place ammeter in highest scaie
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, 2
disconnect electricity and check the relay for stuck contacts.)

F. Clamp ammeter around the wire from the "K/l" terminal on a current relay
{(NOTE: The refrigeratio? 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 systen:

_227




JOB SHEET #7

Read amperage draw

{(NOTE: Amperage draw should oaly be momentary then drop off. There ~

may be a shght amperage draw due to the back EMF.)
Have mstructor check
Stop refrigeratipn system

L
Disconnect electricity

Clean up and put away tools
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UNIT 1

NAME
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TEST

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

AN

d.

Identify. .the motor starting relays.

Motor starting relay that dicengages the
start winding after the compressor motor
reaches 75% of .its rated speed; used on
fractional horsepower motors
Electromagnetic switch that controls a
line vo!tage load by means of control
voltage

-

.

Provides a° predetermined interval

between operations of a device

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 ;

Electromagnetic switch

Motor starting relay -that disengages the
start winding by the movement Qf 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

An electrical 1ating applied to devices
used to energize and de-energize pilot
{control) circuits

-1

w

?

Potential
relay

Control relay ,
Relay

Current relay
(coil type)

Pilot duty _
Contactor

Currgnt relay
(hot wire type),

Time delay
relay W
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9;\

c. . d.

L]
Identify the control r@lay switching symbols. . .

TR~
I

a | ,
- O———f ——0
o— - F -0 o—— —9°
c d.
. o——He——0
e. ’ ’ f.

Match the components on the nght to the correct relay terminal markings.

a. #1 voltage relay

b, "L" current or sohd state relay
-

c. ,#2 current relay
~ .

d "M current or sohd state relay

" .

5
e #5 voltage relay

N

. , X
{. #6 voltage,relay

g "$" current or solid state reld

LN

-

ho=2 o altage 1elay
“

«

1.

Motor start
winding

Line voltage
Wire connections

Motor run
winding

Motor «ommon
terminal

Start cap e o

e

-
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5.

ACR Il - 91-B

-+ »

List the selection specifications of motor relays. \ -
a. Current relay (coil type)
1)
2) ' X ‘
" 3) | '
4) v
5) ;
6) >
h. Current relay (hot wire ’:type)
N 1)
2)
3),
4) , .
5)
c.‘ Voltage relay (potential)
1)
2)
3)
4) R
5)
6)
d. Solid state rela,
1 .
2)
3)

4§
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A
(i

!

e
.
A ]

v

e R

=
3
.

A Y

éﬂ -
-
) s
.
-
- .
o \
-
F
%:.
3 '
3 *
i)
L},
N
. .
, .
.
.
-
//\(
( /
-~
*
—
Q :‘
’

e. Control relay

1

’.

2) .

4)

LB

.

‘

T
- .
M .
- . >
N . . .
i .
. -
.t Y - .
ot

List the six specitications of.a contactor.

a.

b.

Discuss the characteristics and types nf time delay relays.
L4

237
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. 9. Draw tie connecting wiring of a current relay ({coil type).
A Run
c
M Start .
R o
| i
|
L! | Overfoad
. o | IS )

232
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- 11.
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Oraw the connecting wiring of a potential relay

o

S
L
1 2 e
Draw che connecting wiring of a fan relay -
L1 -
Power SupplyTI S Pcilax (ior_\tacts .
| B
L2 O C . @ 1
'—4‘—" ‘ ; e ,
1
i Fan Motor ; |
i {
| i
N :Relay le:
O/O 10"\ |
Controller I — - — ..
PrlmaryLl Secondary
&
Transformer I ’
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13.

ACR N

Draw the connecting wiring of a contactor.

' Transformer

Primary Secondary

Li— 0/0

Power Supply Controlier

L2

=

L

Compressor Motor Contactor

Demonstrate the ab:lity t¢-

a.  Wire a current relay (hot wire).
b. Wire a current relay {coil type)
c. Wire a potenual relay

d.  Wire a fan relay.

e. Che v relays with an ohmmeter.
f Check relays with a vo|t~meter.

g. Check relays with an ammeter.

(NOTE: If these ac.vities have not been accomplished prior to the test, ask
your nstructor when tt 2y shculd be completed )

- 95-8
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RELAYS
UNIT Il

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

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

4. a. b6 e. b
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) Comnressor motor horsepower
4) Voltage
5) Positional
6) Equipment model and serial number

236
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b. Current relay (hot wire type) .

1) Oniginal 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 mowr horsepower
3) line voltage
4) k‘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 hovsepcver .
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 Onginal 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. Onaina' contactor part number

b. Full load amperage of load

C. Locked rotor amperage of load . ‘

237




d.  Number ‘and positions of poles
e. Coil voltage
f.  Dimensions of tontactor
7. Discussion should in(;ipde:
a. Characteristics ‘
1) Delays or sequences the energizing of loads

2) Pilot voltade controlled

3) Line voltagecontacts
b. Types
1) Thermal warp switch
\
2) Magnetic coil and lever in an oil filled cavity
3) Motorized with cam actuated contacts
8. .
HotWire Relay Compressor Motor
TTTTTTETTTNS
Thermostat
120 Voits A.C.
9. Compressor Motor

To Thermostat Or Switch

" I

{

!

'

t S

. H
' 1 .
P Start Capacitor

Relay Contacts
Normally Open

ACR Il - 99-8




-
3
-
.
it
2
4
.

10.
. Bleed 4
Start Capacltor:E Ef Resistor |
0 1
4 6 ;
5 2 .
Compressor Motor '
| g
L L2
* i
1
o
11. }
L1 - |
Power Supply Rzla_y_(zgrgg_cts g
P i ) f
L2 0 }' T ]
t

] |
Fan Motor | : i

: I
IRelay Coil | 1
- o o0t — |
Controller L . . - _.! . ]
- |
Primary Secondary 1
Transformer !
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Transformer
. aa
L1 Primary l’ Secondary o/
Controller
Power Supply
. L2
—
-
1 :
Contactor
Comnressur Motor
13. P--formance skills evaluated to the satisfaction of the instructor
\d
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N

PROTECTION DEVICES
UNIT 111

UNIT OBJECTIVE )

After completicn 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 demwnstration
and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

-4

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

1.
2.

10.
11.

12.

O

ERIC

Aruitoxt provided by Eic:

Match terms associated with protection devices to the correct definitions.

Identify types of overcurrent protection devices.

Describe the operation of -a single element fuse.

Describe the operaticn of a time delay fuse.

Describe the operation of a circuit breaker.

List national electrical code requirements pertaining to fuses that are less
than 600v.

List four national elect-ical code requirements pertaining to circuit breakers
that are less than 600v.

I'4

Identify the types of pressure actuated protection devices.

Describe the pressure actuated protection devices,

identify the types of electrical system protection devices.

Describe the electrical system protection devices.

Demonrstrate the ability to:

d

Adjust a high pressure switch.
Adjust a low pressure switch.
Install an o4l pressure switch.

install a lockout relay.

Check o sohid state compressor motor protector.

43t
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. . PROTECTION DEVICES :
UNIT 11l Ld
\ ‘

SUGGESTED ACTIVITIES

. Instructor:
A. Provide student with objective sheet.

B. Provide student with information and job sheets.
C. Make transparencies. %
D. Disuss unit and specific objectives.

E. Discuss information sheet.

\\ F. Demonstrate and discuss the procedures outlined in the iob sheets.
G. Discuss use of the national electrical code.
) H. Give test.
II.  Student: ) g

‘ \ A. Read objective sheet.

B. Study information sheet.
C. Compolete job sheets.

D. Take test.
INSTRUCTIONAL MATERIALS

[. 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

A0
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4. TM 4--How a Circuit Breaker Works

5. TM 5--Pressure Actuated Protection Devices
6. TM 6--0il 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--Lockout 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
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 -~
References:
A.  Maintaining the Lighting and Wiring System. Athers, Geo_rg;ia: American
Association for Vocational Instructional Materials, 1971.
B. Protection Handbook. St. Louis, Missouri: Bussman M.F.G.
Division/McGraw-Edison Co., 1972,
C. National Electrical Code. Boston, Massachusetts National Fire Protection
Assomaﬂon 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 A/r Conditioning. Homewood, lllinois: Goodheart-Willcox
Co., 1975.

1]
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g " “PROTECTION DEVICES
o UNIT 111

¢

. INFORMATION SHEET - :

* . - .
M - - ‘ ) - -
. Terms and definitions
B 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 overloatls or shorts and
Is resettable
N B o
D. Fuse--Overcurrent device which contains an e{[ﬁment or elerpents which melt
. and open the circuit due to a- short or overload
A‘.,/_‘ v
- B X /
E.” Protection device--Electrical equipment that carries or transférs current but
dees not use 1t BN
] - \
1 * . Ground fault nterrupter--Sensitive personal protection current limiting
’ ' ' ~ device that opens the circuit when current leaks to ground
- »
- ' i “D
¢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
baséd incandescent bulb \
/1. Type "S" plug fuse-Fuse with special threads. for each amperage
classification , ~—’ k/’
4
o J. Blade gvpé cartridge fuse--Fuse with flat contact blades on a cylindrical
case :
: ’ - ,
. 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
interfupted the circuit due to -an urnwsual circuit co"ditigji '
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 circuit
Y e |
L .
A Y
Q A

ERIC S : |
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INFORMATION SHEET

Line duty--Protection device that will interrupt the line‘voltag :ircuit

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

Types of overcurrent protection devices (Transparency 1)

A,

B.

m

mn

Operation of a siggle element fuse (Transparency 2)

A.

B.

L.

Blade type cartridge fuse °
Ferrule type cart.ridge fuse )

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

Type "S" plug fuse

2 :
(NOTE. Adapters are available for*using this type of fL&SE in place of the
Edison base plug fuse.)

Edison base plug fuse

Circuit breaker '

Fusible hink /

{NOTE: These are used in cartridge type fuses which require different
ampere links.) ’

-

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

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

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

Operation of a time delay fuse (Transparency 3)

A.

-

A time delay fuse has a spring loaded link which has one end embedded

in 23 solder cup®
o

A short circuit will cause the link to break

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

If the overload continues, the solder will soften enough to let the spring
pull the link free and open the circuit
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INFORMAT NN SHEET

Operation of a circuit breakar (Transparency 4)

A. A cifcuit breaker has a set of inteinal contacts that ar2 held together when
the breaker is in the "on" position by a trigger

. B. O - *act 1s situated on a bimetallic strip which will be under rapid
heat ge due to the different expansion rates of the metal

C. If tte 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 elezwric code -auirements for fuses that are less than 600v

A. Plug fuses shall not be used in circuits exceeding 125 vo'*s between
conductors '

B. Fuses shall be marked with their amperage rating
C. Plug fuses shall be classified at not over O to 30 amperes

D. Edison bas2 plug fuses can be used 6n|y as replacements

—~—

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

F. Type "S' fuses shall be ¢'assified at O to 15, 16 to 20. and 21 to 30
amperes .

G. Different ampere classes of type "S" fuses are not interchangeable

H  Cartridge fuses sha!l not be used in circuits of over 300 velts bewween
conductcrs

(. Cartridge ‘uses shall be marked with their ampere rating, voltage rating,
and the name or trademark of the manufacturer

VIl. National electric code reGguirements for circuit breakers that are less than 600v
A Zhall be zapable of being manually tripped and set

R il have a wisible "off" and "on" indication

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

D Markings and ratings on breakers of less than 100 amperes shall be durable
and wvisible after instadation

PAFullToxt Provided by ERIC
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iINFORMATION SHEET

Vi Types of pressure actuated protection devices {Transparency b)

A

B

Ot pressure switch

«

Refrigerant

2.

3.

Low pressure switch

High pressure switch

Dual nressure switch

' Pressure actuated protection devices

A

Ouf pressure {Transparency 6)

(NOTE

The differential of the oil nrassure switch 1s set at the factory

and it 1s not recommended tc adjust this differential in the field.)

Rl

5

-

Opens compressor motor control circuit in case of low oil pressure

Builtan time delay prevents nuisance shut dowr

Connect pressure tne labeted "oll" to ol pump

Conrect prossure .ine  labeled “fow' to compressor motor
Crarhcdse

Clecnicalty rated tor pdot duty

rerant low pressure (Transparenc  7)

Opens compressor motor contint zirciat f the fow side pressure
drops nelew control setting

Used w1 4 conditioning systems to prevent the evaporator from
froezima over

Use 10 refnigeration
N Caatiols cabinet temperature
i controls de frost

Coperts to oy stde ¢F compressor

24
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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 10 high side of system where it cannot be valved off

3. Used in air conditioning and refrigeration

4, Manual or auto tic reset

D. Refrigerant dual pressur ./ ansparency 9)

1. Combines bec*h centrols in one housing

2. Operate independently of each other

2, Simplifies wiring

4, Simplifies mounting

Types of electrical system protection devices (Transparency 10)

A. Bimetal overload

Magnetic overload

Lockout relay

B
C. Thermal overloaa relay
D
E

Solhid-state compressor motor protector

Electrical system protection devices

A. Bimetal overloads

1

Two types

a. Internal

b. External

Bimetal disc opens and closes a set of contacts

Increase temperature causes bimetal to warp cpening motor vircuit
Voltages

a. Line duty

b. Pilot duty
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B. Magnetic
1.

o > W N

C. Thermal
1.

H Lo~

5.
D. Lockout

1

INFORMATION SHEET

Automatic reset
Manua' reset

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

overloads

Current ser .tive magnetic :oil

Pilot duty contacts

Automatic or manual reset

Ove.load coil in series with motor winding
Cverload contacts in series with contactor coil
overload relay

éurrent sensitive heater

Pilot duty contacts

Automatic or manual reset

Overload relay heater in series with motor winding
Overload contacts in series with contactor coil )
retay (Transparency 11}

Preven‘s compressor meotor from coming un afwer it stops on
safety

Contacts normally closed
Contacts in series witiy overload and pressure switch contacts
Coil in series with contactor coil

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

E. Solid-state compressor mertor protectors

1.

> wom

Quick and sensii.ve reaction to temperature change
Provides phase protection
Sensors are enclosed in the motor windings

Control module is i compressor motor terminal box

«19
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‘ Blade Type
Cartridge Fuse

Circuit Breaker

~— P

A
o -

Fusible Link

€L - 1l 4OV

a
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o How A Fuse Works ]

|5 ~AMPERE FUSE
LINK

Hot

Neutral

Short Circuit

‘ == __ #12 Wire
%l
ROl o

o Blown
+ == - #12 Wire
('@Wr““““ | '(DW

Neutral
I_JL“_M_MA , w 7~ :

|5-AMPERE FUSE
L INXK

< —

™ 2

~ 250




@ How A Time Delay Fuse Works

Fuse Link

" Fuse Link--~ =1 Sprin
j ’ :f:*/ p g

Temporary Overload Causes

Solder To Heat /\
TS D

J
\\-_/

Continued Overload Softens

Solder Spring -
Puhs Fuse , ,: :,

Spring
Fuse Link

Solder Cup
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How A Circuit ‘Breaker Works

Contact Points

Spring Switch Handle
’ / Tngger
=  —  Haf/ ==

L] o

Neutral Bi-Metallic Strip

P

Pivot Point

A

il

i
il

k

i

|

ll
[
o, >

X
2
i
H
: |
i
N
.

: Neutral




Pressure Actuated Protection Devices .

Oil Pressure Switch

Refrigerant Low Pressure Switch Refrigerant High Pressure Switch

2

» o h
i8] J
[ g (..5

g1zt -
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- ®  0i Pressure Switch Wiring Diagram

230 V, 3 Phase
- | 4“ 12 {L3'
Dperating Control 3 1 AL
N - . T T -
‘ . TIAT29T3
| | Lo230v .
02
—oM g z
0 o0V Motor

257
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Low Pressure Switch Wiring Diagram

~—

Co'oling'Themosta*t 230 V

- |

@ Low Pressure Switch
Corga%tori
Power Supply -g”lg | . | ol

f | CTE %@
24 \ Transformer é

y  Compressor

>
O
P
-t
N
o
9]




High Pressure Switch Wirir, Diagtam

Cooling Thermostat

(19

2

230 V

I/

-+ Contactor Coil

Power Supp_ly?”(é

TAAAALS

24 V Transformer

High Pressure Switch Qb @ |
‘ 1

p

i

Compressor

261

g-LzL - 1l "oV




Duai Pressure Switch Wiring Diagram

230
@ High And Low Pres.,ure Controls T

y Contactor %

Power Supﬂ”é ' col
24 \ Transformer

Compressor

=

262
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Electrical System Protection Devices

\
Bimetal Overloads

Lockout Relay

Magnetic Overload

Thermal Overload Relay

WY

e A

=N

- 1i 4OV

a-1€1
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Lockout Relay Wiring Diagram

Contactor Coil Pressure Switch
Transformer |
‘ Overload
o . s Compressor
Controller Overload

L1 L2

Lock-Out R{&y\

]

267
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PROTECTION DEVICES
UNIT IH

JOB SHEET =1-ADJUST A HIGH PRESSURE SWITCH

Tools and 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 1
Procedure
A Put on safety glasses 4
B Install refrigeration gauge set ‘
C  Start refrigeration system
0.  Ask instructor or check manual for proper cut-out presstire «
ICAUTION Do not exceed this pressure.) ‘
E  Turn adjusting screw until the pointer aligns with the proper cut-out pressure ‘
(L\JOTE The pointer s reference only, use gauge for proper setting.) :
F  Biock air or shut off cirrculating water ;
G Observe high side pressure reading “.%
H. Racord pressure that the pressure switch opens %
i Reset the pressure switch 3
J Ubsen ¢ high side pressure read:ng 1
¥.  Have instructor check
L Back scat service valves

'

Uhge gattge set hases
P omove gauge set
Sl and pat anay ols
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PROTECTION DEVICES
UNIT 11l

&

JOB SHEET #2- ADJUST A LOW PRESSURE SWITCH

[. Tools and materials

A. Refrigeration gauge set
B. Refrigeration ratchet
C Siot type screwdrniver
D  Refrigeraton system with manual reset pressure switches
E safety glasses ‘ «
F Open end wrenches
i1 Procedure
A. Put on safety glasses

m

-

Install refrigeration gauge set
Start refrigeration system
Ask instructor or check manual for proper cutin and cut-out pressures

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

(NOTE: The pointer 1s reference only, use gauge for proper setting.)
Front seat king valve or liquid line valve

A

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

Observe Yew side pressure reading

Record pressure that the pressure switch opens ~

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

Record pressure that the pressure switch .Joses

Pured down system  again

| -

137-B




JOB SHEET =2 : .

L Chock cut nut pressure
A Aoy, low orde 1 rossure to graduaity increase

N Crock ot pressure

.
~ O Have structor check
P Repesition valves
0. Puarge aduge sel noses
. R R.amove gauge set
. . 3. Clear un and put away tools
{
') -
g*-
. LY
N .
-
t
(')nr
& f)
I
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PROTE’CTION DEVICES
UNIT 1l

JOB SHEET #3-INSTALL AN OIL PRESSURE SWITCH

Tools and materials

A. Refrigeration system with a semi-hermetic compressor motor
Qil pressure switch
Standard slot type screwdriver

Open end wrenches

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.)
Refrigeration gauge set ’
Refrigeration ratchet
Vacuum pump
Soap solution with brush
Safety glasses
Procedure
Put on safety glasses '

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

(NOTE: The systems low pressure switch wili have to be by-passed 1n order
to achieve pump down.)
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JOB SHEET #3

C. Mount oll pressure swntch bracket on the end of the compressor motor

{Figure 1)

Compressor

FIGURE 1 .

—~

/—f\ \}

Oil Pressure.-
Safety Control

Slght Glass

D Carefully remove ol an plug from compressor motor erankcase

l r— ~ . . .
E Replace plug with 1/4 in. MPT X 1/4 in. flare half union coupling
F Connect low pressure side of ol pressure switch to this coupling

(NOTE. Loop the tubiyf that goes to the switch to provide a vibration
dampner.)

3 Remove plug from compressor ail bump

-

h Replare 2ug WI[h a 1/4 1n. MPT X '/* n, flare half union coupling
: ’

. Gonnect high pressure side of ol pressure switch to this coupling
[

-

J Pressurize compieéssor motor with réfrigerant to 50 p.s.i.g.
o . . i [

K. Check fittings with soap $olution for leaks

* Discharqe the refrigerant tsed for pressurizing

M, 7 Evacuaty campiessor
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~tior to O Pump
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JOB SHEET #3

Connect contr¢’” wiring to o1l pressure switch

.

(,,OTE The wiring diagram shown i Figure 2 1s an example. Different

control manufacturers may vary their connections some but they all are

basically the same Be sure and check the direcuons that come with the
control you are mstalling)

m
:1C 1 to Crankca
FIGURE 2 . .zjl,l;,;?_:’:nec 1on rankcase
| ‘I““”iﬂ Supply In ‘
' . ":i)
L -EE!TMW Switch
| el
‘ _ Resistor

R

_J

[ L ' ;
Heater : [—-—-"f—l
; ——eaM |
Bi-Metal— 4 S/ (__;ﬁ .
. . — |
Reset Button 1 |
_J

|
|
|

A
IsC ,.wtg?u Overloads Contactor Coll

Back seat pump down valve
Have anstructor inspect airing
Start compressor- motor

NOTE. The compressor motor w,” have approximately t .o minutes for
. i i y

the nessures to stabil.ze before the bimetal switch in the oil pressure control

couid stop the compressor motor )

Leck system pressares ’

Bach seat service v'alvm \ .
St o campressor motor

2 e 'HU"]'; st s W
Dros, oy

refrigeration e 30t

Fondae sorvice valve Capn

ooty and ratinels
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PROTECTION DEVICES
UNIT 1l

ACR I - 143-B

JOB SHEET #4--INSTALL A LOCKOUT RELAY

Tools and materials

A. Slot type screwdriver
Screw starter

Long riose pliers

Lckout relay

m o 0 w

F. Safety glasses
Procedure

A. Put on safety glasses

Air -onditioning umit with a contactor and pressure switches

B. Cher% to be sure power is disconnected trom unit

%, . .
C. Locate control compartment on condensing unit

FIGURE 1

Overload \

Pressure Switch

e
Compressor Overload

Lockout Relay !

|
i
i

—

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

contacts
F. Have instructor inspect
G.  Turn on ealectricity

H.  Turn oon air conchitioner

ro
~d
Ry



JOB SHEET %4

Biock condenser

(NOTE Aur conditioner should stop on high pressure switcn

Remove condenser air dlockage

K. Reset high pressure switch

(NOTE If the lockout relay is installed properly the.air condifico: Al
not restart.)

1

L. Interrupt control circuit voltage

(NOTE: This may be done ..t the subbase on the thermosta® or mt the
line voltage disconrect.)

M  Coannect . )itage
(NOTE  Auwr conditioner should not start.)
N.  Disconnect power supply from air conditioner

0O Clean 4p and put away 10ols

oo
~1
e

O

ERIC L
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PROTECTION DEVICES
UNIT 11

JOB SHEET #5- 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

1. Procedure

A. Put on safety glas.cs

v .,
B. Disconnect electricity from system

Allow compressor maotor to cool

(NGTE" If compressor motor Circuit 1s open on the overload, 1t shou.d
be allowed to cool for at least one hour before checkin® solid-state sensors.)
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A
b
[

SHEET

-~
-

5

Connect Jumpers aross e control termuneals thqure 1)

INOTE  IF tne compressor motor will not operate with the jumper wires
b problem s external o the solid-state protection.)

psratted thee
FrGURE

Control Cicurt Stay

Uvvwny Transformer

1
|
i ] i
“’%230 I ;L Lo L eane
Qe SN ey
B M
: D Protegtion s
Cg:i' H %“ X KL.__J__, [ S,
EPUETIP T
| Ao BLK
e SRR T

A
i h
ek ,':',l’z'x’)
s v
Hor .
. v
f 5
£
\4/ “j’ (' .‘
] 1z,
- i
,. !
- .
CO BN .
:
5 :
oA v
o Y
- -
[IRLINC)
AT MEA
!
f
Pateritg T}‘ v
FERE S SR F YA
n t v
Tryr
RN tD A
B
A tr
* 1A
I)"‘ [}

Pilot Line 250
C MAX

250 v. MAX

Connol

T 11” ’«»:"'1]

nofAacioss Thae e
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JOB SHEZET =5

Remove jumper from protection relay ~cntacts

Connect elactricity

(NOTE If the compressor runs, the problem will be with the interng
sensors. A defective internal sensor can only be repdired by comprassor
replacerrent.}

[f the relay 1s defective, replace the control modute

Have instructor check procedure

Clean up and put away tools

147-8
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Match the terms on the rnight to the correct definitions.

d.

PROTECTION DeVICES
UNIT It

MAME

ACR

TEST

5

Fuse wity a basc that fits the scme
socket as a regular based incandescent
bulb

Dvercurrent device which contains an
element or elements which melt and
open the circuit due to & short or
overioad - T

Weak link in the circuit that limits the
amperage to a specifieG amnpunt

Fuse with special threads for each
amperage classification

Sensitive personal protection current
limiting device that opens the circuit
when current leaks to ground

Unintentional grounding of a conductor _

tlectrical equipment the. carries or

transfers current but dces not use it

Qvercurrerit  device that trips on
overlpads or shorts and is resetteble

Fuse with metal caps o a cylindrical
case

Fuse with flat cortact blaces on a
cyhindrical case

Protection device that wil interrup* the
iine voltage circuit

Pratection device that must be reset
manually after 1t has interrupted tre
circuit due to ar. unusual  circuit
conditior

R27Y

1.

11

12.

13.

14

16

17

Type "S”
plug fuse

Protection
device

Fuse

Qv rcurrent
protection

Circuit
breaker

Ferrule type
cartridge fuse

Blade type
cartridge fuse

Edison base
plug fusg

Ground fault
interrupter

Short circuit
Piot duty

Pressure
controls

Automat.e
reset’

QOil failure
controls

Manual reset
Line daty

Lockout relay
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3. Describe the oneration of a single element fuse.
4. Describe the operation of a time delay fuse.
E. Describe the operation of a circurt breaker.

281
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6. List seven national electrical code requirements per ey T Ton S B e et
than 600v

a -
’ LY
1w
¢
i
F\
- f
4 ,
7 Lot four rstiondt ecincal code requurenents pertaming o e T rn e
arn s than 600w
2
]
L
o] [l the pynes of pressere aulated nodechon oot
. 14
f& -
e
! #
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i\ j '
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¥
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d.

9. Describe the pressure actuated protection devices,

3 3. Qi pressure

b, Refrigerant low pressure




154-8
C Refrigerant high pressure
! -
{
~ vI
#
4 /‘—l’\.
d  Refrigerant dual pressure
\\
\
10 identfy the types of electiical sy.i»m protection devices
‘l
" N
.
a b B o
. . r) '
<284
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’ o zos/sve
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F 4
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L
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l
[
5 1
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1. Descripe theselectrical system protection devices
.
) " a.  Bimetal overloads .
; . -~
| | \' ) a‘ /":\ N
R
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. (v* t. Magner ¢ overioads

. {
)
A
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N .
C Thermal overltdad ieiay \
7
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PROTECTION DEVICES
UNIT I

ANSWERS TO TEST
»

1. a 8 f. 10 k. 16 p. 14
b. 3 g 2 . 15 q. 17
c. 4 h. b m. 12
d 1 . 6 n. 11
e. 9 .7 o. 13

2. a. Blade type cartridge fuse
b. Ferrule type cartridge fuse
c. Type "S" plug fuse
d. Edison base plug fuse
e. Circuit breaker
f.  Fusible link

3. Description should include.

a. Fuses contain a current limiting link that will allow a set amount of current
1o 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
cantinues

4. Description should include:

a. A time delay fuse has a spring loaded link which b#s one end enjbedded
in a solder cup N

b. A short circuit will cause the lin- 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

o,
&

288
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Description should include.

q

-

A circuit breaker has a set of internal contacts that are held together when
the breaker 15 in the "on" position by a trigger

a

One contact is situated on a bimetailic strip which will bend under rapid
heat change due to the different e pansion rates of the metal

If the heat becomes extreme enough, due to an overload or short,-the
bending of the bimeta'ic strip will cause the trigger to trip and the circuit
will open

seven of the following

Plug fuses shall not be used in circusts exceeding 125 volts between
conductors

4

Fuses shall be marked with their a‘mperége Drating

Plug fuses shall be classified at not over O to 30 amperes
Edison base plug fuses can be used only as replacements

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

Type "S" fuses shall be classified at 0 to 15, 16 to 20, and 21 to 30
amperes

L 3 ) .
Different ampere classes of type "S" fuses are not interchangeable

h., Cartridge fuses shall not be used in circuits of over 300 volts between
-~ dqnductors ' '

Cartridge fuses shall be marked with their ampere rating, voitage rating,
aind the name or trademark of the manufacturer

Shall be capable-of being manually tripped and set
Will have a visible "off" and "on" iAdication

~

Shall be designed so that setting ¢ f tripping amperage requires dismantling
for other than intendad adustmer ts

Markings and ratings on break~rs of less than 100 amperes shall be durable
and visible after installation B

Oil pressure switch

Refrigerant high pressure switch
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[ : P

Refrigerant Juai pressure switch

d. Refrigerant low pressure switcn

9. Description should include:

d.

b.

C.

d.

Oil pressure

1)
2)
3)

4)

5)

-

Opens compressor motor control circuit in case of low oil pressure

N

Built-in time delay prevents nuisance shut down

Connect pressure line labeled "oil" to oil pump

. ) ]
Connect pressure line labeled "low" to compressor motor

crankcase -

Electrically rated for pilot duty

Refrigerant low pressure

1)

2)

3)

4)

Opens compressor motor control circuit if the jow side pressure
drops below controi setting

Used in air-conditioning systems to prevent the evaporator from-
freezing over :

Use in refrigeration

a) Controls cabinet temperature
i -

b) Controis defrost
&5

Connects to low side of compressor . :

-

Refrigerant high pressure

1)

Opens compressor motor control circuit when high side pressure
reaches the control setting

2) Connected to high side of system'where it cannot be valved off
3) Used 1n air conditioning and refrigeration .
4) Manual or automatic reset \
Refrigerant dual pressure ’ ‘
1) Combinzs both controls in one housing ~ .
. A
AN

290 . .




1628 .
i 2) Operate independently of each o.her
- - 3) Simplifies wiring
. 4) Simplifies, mounting .
10. a. Magnetic overload
. em—
b. Lockout relay e .
c. Soud-state compressor motor protector . ™
. .
‘ d. Bimetal overload
- ]
e.  Thermal® overload relay
) f Bimetal overload ;
. .
1 Description should include
* e
a. Bimeta! overloads
PN 1) Two types
&
al  Internal )
b}  Externa!
2} Bimetal disc opens and closes a set of contacts
4 -
3) ‘nerease temperature causes bimetal to warp opening motor circuit

4} V oitages

aj Lme duty
“ ' b} Puot duty
' ) Automatic reset
hd ) + 1
6 Manual reset

b Mangnetic overloads

1} Current sensivve magnetic coil
f . “\

2) Piot duty contacts

. 29! ‘,;
ERIC

Aruitoxt provided by Eic:




ACR Il - 163-B
ba : D . )
3) Automatic or manual reset .
) 4) Overload coil in series with motor winding
, 5) Qverload contacts in series with contactor coil 7
c. Thermal overloaq relay Y
1) Current sensitive heater
" 2) Pilot duty contscts .
3) Automatic or manual reset
4) Overload reldy heate: in series with motor winding
’ 5! Overload contacts in series with contactor coil
d. Lo'ckout relay
1) Prevents compressor mot;af from coming on after it stops on
safety
2) Contacts normally closed i
«+ 3) Contacts in series with overload and pressure switch contacts
- 4) Coil in series with contactor coil :
h) Power u:nust be interrupted to relay.coil to restart the compressor
motor
e. Sohid-state compressor motor protectors
1) Quick and sensitive reactiorn to temperature change
ya Provides phase protection- ] 3
3) Sensors are enclosed in the motor w}ndihgs
4) Control module is in compressor motor terminal box

Performance skills evaluated to the-satisfaction of the instructor

vh

e . 29"
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CAPACITORS
UNIT v

UNIT OBJECTIVE

-

After completion of this unit, the student should be able to match terms, identify

* capacitors, list causes of capacitor failure, and hst factdrs to consider when replacing
capacitors. The studént should also be able to solve problems for capacitors in series or
parallal, 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 a

'SPECIFIC OBJECTIVES

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

Match terms associated with capacitors to the correct definitions.
Discuss the role of capacitors in the operation of motors.
Identify the tvpes of capacitors. . _
~_/ T~
Discuss the run capacitor identified terminal.

List eight causes of caparitor failure.

List three factoers to consider when replacing capacitors

Solve problems for capacitors wired i1n series and parailel using the formulas
aiven ’

Draw connecting wiring for a start capacitor with a current relay and a

start, capacitor witn a hot wire relay.
Draw connecting wiring for a start capacitor with 4 potential relay.

Draw connecting wiring for a run capacitor with a permanent sphit capacitor
{PSC.} motor

Draw connecting wiring for capacitors with a capacitor start capacitor (un
{CSR) motor

Denmonstrate the ability to-
a Wire a start capacitor with a current or hot wire relay.
b.  Wire a start capacitor with a potent.al relay.

C Wire a run capaciior ‘wuth a P.SC. compressor motor

d  Wrre a run capacitor with a C S.R. compressor motor.
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CAPACITORS .
UNIT IV .

SUGGESTED ACTIVITIES

. Instructor.
A. Provide student with objective sheet.
8. 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.
1. Student.
A. Read objective sheet.
B  Study mnformation: sheet
C'  Complete job sheets

D Take test.

INSTRUCTIONAL MATERIALS

o -
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 Hi)t Wire Relay

-
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3. TM 3-Wu ng for a Start Capacitor With a Current Relay
4 TM 4 Winng for a Start Capactor With @ Potential Relay

5 TM 5-Winng for » Run Capacitor With a Permanent Sphit
Capacitor (P.SC.) Motor

6. TM 6--Capacitor Start Capacitor 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 Cabacitor With a CS.R Compressor
Motor

E- Test
F  Answers to test
Reterences.

A Woodroof, Wilham Walton Servicing Camfort Cooling Systems. Columbus,
Ohio. NHAW Home Study Institute, 1974. )

8  Van Buskirk, Mark. "Capacitor Know-How Provides Power When It's Needed
Most." Refrigeration Service and Contracting. August, 1976.
o

..‘
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CAPACITORS

UNIT IV
v
INFORMATION SHEET

Terms and definitions o
. -

A Microfarad rating (mfd or M Fd)--Amount of capacitance of a capacitor

B. Voltage rating (VAC)--Amount of ‘péak 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 i the 3 to 60 mfd range which is designed to stay in the circuit
and has a metal case which is oil-filltd 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 acing of the relay: pomts 20 K ohm 2 watt carbon resistor

F  Internally fused--Fusible link nside the run capacitor that will help prevent
motor winding demage 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 capacitor--Two run capacitors buillt i"to one case

H  Hard start kit--Potential relay and a start capacitor added to a PS.C
compressor motor to aid In starting

(NOTE: “These components must he matched to the type and size of
compressor motor.)

Role of capacitors in operaticn of motors

A Capacitance reduces runniag current

B Not enough capacitance will cause slow start

¢ Too much or too httle capacitance will cause motor to overheat

D Capacitance aids in starting torque

g
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FIGURE 1

-

» .

E. Capacitor s.e nmay be determined By motor horsepower (Figure 1)

Motor
Ratmg
| e

Capaciior Start

§ MFD ® VAC

| /2 88@110
5 . 7590@110

86 103@110

a

108 130@110
124 149@110

-

-161 193@110

200-240@110 4
216 259@110

. 324 388@110
340 408@110

INFORMATION SHEET

|
|
|

cod |

~

Capacitor Run

MFD @ VAC

. 5@2p6
5@3060
6@330
5@370

. 6@370 ___
7 5@236
20330
7 5@370
7 5@440 -
10@236
8@330
10@330
10@370
10@440
10@440
15@235
< 12@330
14 5@230
15@330
12 5@370
15@370
15@440
15@2:26 -
16@330 |
15@370
_15@440
17 5@250
17 5@370
. 20@440
20@370
20@370
~20@440

-

»

(NOTE The capacitance to use may also be determined by ‘obtaining the voltage
and amperage of the motor and using the following formula.)

Example-

2650 x 7
115

7 amps

mfd = 2650 x amps °

volts

115 volts

= 1613 mfd »

Types of capacitors {Transparency 1)

A. Start capacitor

B Ruin capacitor
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' T INFORMATION SHEET

/ K PP —

+ 1V. Run capacitor 1deatified terminal (Transparency 1)- [ N
. ’ i }
A.  Connected to capacitor plate nearest the metal coniainer
-t had - '

(NOTE: This would be the plate most likefy to short.)

B. Connects to run winding of compressor motor P

¢ »

(CAUTION: Damage to the start mdlngwﬂl occur if .the pacitor is

~

{ imprcperly wired and the capacito®™becomes shorted.) N )
. . N - . ‘:‘
C. lIdentified by three methods ) . . -
' 1. Arrow - L
) ¢ ¢ ' '
2., Bed dot -+ :
3. Dash
. SN
V. Causes of capacitor failure : .
" A.  Faulty starting switch . . -
o .
B. .Excessive motor load
C  Excessive duty cycle )
N . . v
D. Bad motor bearimgs "
E  Low {ine voltage - >~

F  !ncorrect capacitance
Q. Impropér capacitaer voltage rating
. H. Excessive tt;,mperature -
VI. Factors 'f?r ca;.)acitor‘rupracement
&
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 capacitu may have a tolerance
of + 10%

(NOTE: Replacement capacitors should oe the same size as the original
whenever possible.}

298
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VL.

. VIIL.

X

Xi.

R INFORMAT'ON SHEET

C. Microfarad rating of a replacement run capacrtor should be the same or
no more than 10% higher

-

Capacitors wired « seres and parailel .
»

A, Series (Figure 1)
1. Ct = C1 X C2
CT+°CZ

+
Example: 20 mtd, 110 vec, 20- mfd, 110 vac ' : "
Cy = 20 X 26 = 400 = 10 nfd, ~ .
, . W+ A0 '\ ;
110 + 110 = 220 vac
2. Sum of *e voltages must be equal toor greater than the capacitor Joe
. being replaced . . . N
‘ (NOTE: Capacitc- . 1anufactqrers do not recommiend groupmg R
more than two capacrtors\ . - e
{
3. The ricrofarad rating of the 2npacitors should be the same
B  Parallel (Figure 2) o oo
1. Add microfarad ratings- ’ .
X . - ot h -
Ct = Ct +C2 . ' _ s
Example. S 20 + 20 = 40 mfd
T2 Voltage of each capacitor _rrwust be equal to or greater than the
capacitor be:ng replaced -* ‘
. ’-\ {
| [ - |
» C A . V
Two Start Capacitors In Series" Two Run Capacitors In’ Parallel .

Wiring for a start' capacitor- w.nh a current or “hot wure relay (Transparenmes
2 and 3) .

-

Wiring for a start capacitor with a .potential relay (Transparency. 4)

7. .
Wiring for a run capacitor with a permanent ‘split capacitor_ (P.S.C.) motor

(Transpare ncy 5) . i

» .
W..ng for capacitors with a capacitor start capacitor run (C.S.R.} motor
(i ransparency 6) / , ‘

AN . " -




Start Capacitor

~ Types Nf Capacitors

Bakelite Case

o .
¢

Metal Case / /7

Dash

Arrow

Red Dot

|dentified Terminal

Run Capaciior

301

- 1l Y2V

g-£L1




s

Wiring For A Start Capacitor With A Hot Wire Relay

Start Capacitor

Hot-Wire Relay

Thermostat

8-SL1 - 11 YOV

‘ : 302
307 J




hid

To
Thermostat

Or Svlijch

Overloqd

Lo\ -Z_J

S
O

Relay Contacts Normally Open

- 305

o5~ 304

g-£4L1 - 11 HOV




Wiring For A Start Capacitor With A Potential Relay

L
Start ~
£Capacitor Bleed
' —— $ Resistor
« 4n 6‘ 1 .
5 2 |
- ‘\ C_J
‘ Potential Relay

107

g-6LL - Il HOV



308

Wiring For A Run Capacitor With A Permanent
Split Capacitor (P.S.C.) Motor

# |dentified Terminal
N l 4
Run Capacltor
0
/ \
¢
11 L2

30&

g-181 - 1 HOV




Capacitor Start Capacitor Run (C.S.R) Motor

Run Capacitor

. 1
Start :
Capacitor oly .
~l1.-
46 !

5 2
*—— SC,R

X
Potential Relay

Lt L2

311
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CAPACITORS ;
UNIT IV
¢
) JOB SHEET =1 WIRE A START CAPACITOR
WITH A CURRENT OR  HOT WIRE RELAY
I Tools and matenals. - ,
I'e

A Needle nose pliers
Standard slot sGrewdriver

B
C  Start capacitor
D

Refrigeration system with a capacitor start induction run'(C,S.I.R.) * .
compressor " ]

.
a

E.  Ammeter
It Procedure
A." Check to be sure the electrical power 1s. 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  fonnect another wire from the other capacitor terminal to start on the
. dmpressor :

{(NOTE Check winng diagram of a start capacitor with a hot wire relay
or a current relay.}

E Have mstructor inspect

n 'd
F Connect electrical power
G Place ammeter 1in highest scale
H Clanip ammeter around start wire .
(NOTE If startmg circuit does rot disengage 'mmediately, disconnect
slectrical power.) ’
! Start refrigeration system
J Check length of time for starting circuit to disengage
X Check full load amperage (F L A) .
L Stop refrigeration system (\J .

- A Dismornect electrical power

. N Llean up and put away *ools

El{llC 312
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UNIT IV ’ .
. o ‘ s ) . >
JOB SHEET #2-WIRE A START CAPACITOR
WITH A POTENTIAL RELAY
‘f Tools and materials -~ . ’ ’ ”~
Needle nose pliers " . )

Standard slot screwdriver

Refrigeration g m with a potential relay . : .

-

A
B
C. Start capacitor with bleed resistor
D
E

Ammeter

1. _Procedure
i

A. Check to be sure the electrical power is disconnecta}i

» B. Check for crerect microfarad and voltage rating on capacitor
C. Connect a wire from terminal #2 on relay to one terminal cf start capacitaor . .

D. Connect a wire from the other start capacitor to Jine voltage going t¢ run
on compressor . ’ o e

(NOTE® Check wiring diagram of a start capacitor with a potential relay.)
E. Have instructor inspect ¢ .

F. Connect electrical power
Place’ ammeter in highest scale
H. Clamp ammeter around a start capacitor wire

INOTE: If stWircuit does npt disengage immhediately, disconnett
electrical power.
S - ‘
. Start refrigeratio stem ) 9
-

J.  Check Iengtﬁ of time for staﬁing circuit to disengage
K. Check full load amperage (F.L.A.)

L. Stop refrigeration systemr

M. Disconnect elettrical poveer

N. Clean up and put away tools

¢ ‘ 31
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CAPACITORS
UNIT IV

JOB SHEET #3-WIRE A RUN CAPACITOR
WITH A P.S.C. COMPRESSOR MOTOR
Tools and materials
A. Needle nose pliers (with insulated handles)
B. Standard slot screwdriver
C. Run capacitor

0. P.S.C. motor

. Procedure .

A. Check to be suré ctesvrical power is disconnected
B. Check for correct microfarad'and voltage rating or: capacitor .

C. Connect a wire from the run terminal on the mo*or to the identified
terminal on the run capacitor

(NOTE: Check wiring diagram of a rim capacitor with a P.5.C. motor.)

D. Connect a wire from the start terminal -on the compressor to the other
v .
side of the run capacitor ]

(NOTE: If this system has a dual capacitor, be sure the motdris connected

to the proper terminal.)

g
>

E. Have instructor inspect .

F. Connect electrical power

3. Start the equipment |

H. Check iull load amperage (F.L.A.) .

A »
I. With unit running, use needle nose pliers with insulated handles to remove
one wire from run capac ..r

(CAUTION: Do not allow tne removed wire tc, touch you or the equipment
cabinet as this would cause an elecgica' shock.)

J.  Observe the increase in full load amperage




JOB SHEET =3

K Stop equiwment
L Discoprnect electneal power
M Reconnect wite 1o run capacitor

N Clean uo and put away tools

e
Y
(91

Aruitoxt provided by Eic: N
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CAPACITORS
UNiT IV

JOB SHEET #4 -WIRE A RUN CAPACITOR
WITH A C.S R. COMPRESSOR MOTOR

Tools and materials

A. Needle nose pliers (with insu'ated handles)
B. Standard slot screwdriver
A

C. Run capacitor

D. C.S.R. motor .

Procedure i .o

A Check to be sure clectrical power is disconnectad

B Check for correct microfarad and voltage rating on capacitor

C Connect a wire from the -capacttor identified terminal to the compressor
run terminal :

D. Connect another wire from the other capacitor terminal to start cn 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 términals.)

s

E. Have instructor inspect '
{(NOTE: This same wiring procedure s 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

G Check full load amperage (F L.A)

H. Stop the equipment

] Disconnerct electrical power

J Clean up and put awdy tools
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CAPACITORS
UNIT IV
NAME -
TEST
1. Match the terms on the right to the correct definitions.
a. Amount of peak t\'/‘oltage that the 1.
capacitor may be subjected to, not line
voltage ‘ 2.

b. Two run capacitors built into one case

. 3.
c. Fu;ible link inside the run capacitor that
will help prevent motor winding damage
due to a shorted capacitor
-d. Amount of capacitance of a capacitor
57
e. Electrical storage device .in' the run
winding circuit of a motor- generally in 6.
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 7.

f. Resistor connectéd between the start
capacitor terminals to minimize arcing of 8.
the relay points, 20 K ohm 2 watt
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 tor a very

| short period of time during start

a

Bieed resistor

Dual run
capacitor

Microfarad rating
(mfd or i Fd)

Hard start
kit

Run capacitor

Voltage rating
(VAC)

Internally v
fused -

Start
capacitor




- Discuss the role of capacitors in the operation of motors.

3. fdentify the types of capacitors.

-
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Discuss the run capacitor iﬂdentified terminal.
- ¢

List eight causes of capacitor failure.

g
h.

List three factors to consider when replacing capacitors.

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

Capacitors in series CT = C1 X C2
Ct + C2

Capacitors in parallel Ct = C1 + C2 -




196-8

a. Series .

1. 5 mfd, 110 VAC, 5 mfd, 110 VAC
ans. mfd VAC

2. 160 mfd, 260 VAC, 160 mfd, 350 VAC
ans. mfd VAC

3. 140 mfd, 270 VAC, 140 mftd, 270 VAC

ans. mfd VAC -

4. 10 mfd, 250 VAC, 10 mfd, 110 VAC
ans. mfd VAC

5. 35 mfd, 260 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. Start Winding
: s
1
! i M
!
L J I
<. 00T Main Winding
Overload

320
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9. Draw con.=cting wiring for a star* capacitor with a potential relay.

| o9 1 -
; 4 6 ‘
- \
: 2 R .
%
L1 L
10. Draw connecting wiring for a run capacitor with a permanent split capacitor

(P.S.C.) motor.




’

3
|

1. Draw connecting wiring for capacitors with a capacitor start capacitor run

{C S.R.) motor. .

Rt i)

Start ~L

. Capacitor —|—

Potential Relay

3 L1 L2

! 12 Demonstrate the ability’ to:

s
(NOTE: If these activities have not been accomplished prior to the test, ask
your nstructor when they sheuld be completed.)
3')‘)
~ s
. o
( :

- bt

\L Run
T

b. Wire a start capacitor with a potential relay.

c. , Wire a run capacitor with a P.S.C. compressor mo@

Capacitor

a. Wire a start capacitor with a current or hot wire relay.

d. Wire a run capacitor with a CS.R. compressor motor.

rd
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CAPACITORS
UNIT IV

ANSWERS TO TEST

[

o W

4

8

Discussion should include:

a.

b.

Capacitance reduces running current

Not enough capacitance will cause slow start

Teo ;nuch or too little capacitance will cause motor to overheat
Capacitance aids in starting torque

Capacitor size may be determined by motor horsepower

Start capacitor

Run capacitor

Discussion should include:

Connected to capacitor plate nearest the metal container
Connects to run winding of compressor motor

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. Excestive duty cyclé -,
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%

»
F

c. Microfarad rating of a replacement run capacitor should be the same or

no more than 10% higher ) .

7. a Series
1) 2.5 mid 220 VAC . -
2) 80 mfd 600 VAC
3) 70 mfd 540 VAC
-~
4) 5 mfd 360 VAC

5) 17.5 mfd 690 VAC

b. Parallel
1) 15 mfd
2} 180 m¥d

3) 280 mfd

4) 20 mtd

5) 195 mtd




8.
To Thermostat -
Or Switch To L2
W Overload
Capacitor
p

\ . Start Capacitor

Hot Wire Relay: /

TTTTTTTTTTTS
Thermostat
9. N

Start J= 2 Bleed
Ca it S R .
pacitor T3 Resistor

o0 1
. 4 6
;
E — 5 2
Potential
Relay C
L1 L2 &

Lo
o
<

',f}CR Il - 201-B




Run f ’
Capac:toTr - ’

11.

| ,
i |_Retay ¢ o
)

* i
12. Performance skills evaluagted to the satisfaction of the instructor”
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. s ) {INTRODUCTION TO ELECTRIC MOTORS
- ‘ UNIT |
]
E UNIT OBJECTIVE
, After completion of this unit, the student-should be able to match terms, list safety rules,
R 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-beft length, and adjust belt tension. This knowledge wiil be
vt ‘ evidenced thrcugh demonstratiorn and by scoring Q_[éhty-flve percent on the unit test.
. SPECIFIC OBJECTIVES ' .
5 ;
i .
’ Aftey completion ot this unit, the student should be able to:
1. Match terms assoclated with electric motors to the correct definitions.
2. Lis‘s\afety rules pertaining to working with electric motors. ~
’ - ) ’ :
‘ 3. Discuss magnetism.
--
q, Discuss magnets in an induction type motor. -
’ ' 5. List types of single-phase motars. . ‘
6. Identify parts of an open drive Moot
, R 7. Identify the common types of motor mounts.
8. Discuss motor enclosures.
9. Discuss three-phase motors.
10 List the fourteen*items of information previded on a motor data plate.
11. Identify the types of motor V-pulleys (sheaves) . R
12. Solve probler < using a method for determining pulley size.
13. List causes«of motor problems.
' ¢
14. List rgmedtes' of motor problems.
15. Demgnstrate the ability to-
!

a Determine length of a V belt

b.  Adjust V-belt tension

: : 320 | ’
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INTRODUCTION TO ELECTRIC MOTORS
UNIT |

SUGGESTED ACTIVITIES

. Instructor:

A. Provide student with objective sheet.

B.  Provide student with information, ass'ignment,'and iub sheets.
C. Make transparencies.
D. Dis 1ss unit and specific objectives.

E. Discuss information and assignment sheets.

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

G. Obtair films or siide set’s on electric motor furddamentals.
H.  Give test.
1. Student:
A. Read objectiv. sheet.
B. Study information sheet.
C. Complete assignment and job shccts

D fake test.
INSTRUCTIOUNAL MATERIALS

. Inclided in this urat.
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




4-C

] 4. TM 4--Types of Motor Mounis ’ ’
5.  TM 5--Thiee-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. . ‘swers to assignment sheet
F. Job she s “
1. Job Sheet #1--Determine Length of ‘a V-Belt
2. Job Sheet #2Z--Adjust V-L ‘ension
G. Test !
H. Answers to test
R. ureiiees.

A. Schweitzer, Gerald. Rasics of Fractional Forsepower Motors and Repair
Rochelle Park, New Jersey: Hayden Book Co., February 1360. .

B. Turner, J. Howard. How Electric Motors Start and Run. Atnens, Georgia:
American Association for Vocational Instructicnal Materials, 1973.

C. Parady, W. Harold; Turner, J. Howard; and Wrea, imes E. Electric Motors.
Athers, Georgra: American Association for Vocational “astructional
Materials, January 1972.
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INTRODUCTION TO ELECTRIC MOTORS
UNIT |

INFORMATION SHEET

Terms and definitions

A

Poles--Soft tron, lamminated portion of the stator which the insulated wire
is wound around

Stator--Stationary section that cc.sists of the windings and core which form
the electromagnet that produces the magnetic field causing the motor to
turn

Rotor--Rotatina section which rotates within the stator of a motor

Synchronous speed--Constaat 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

Induction motor-Alternating curre nt motor in whict the stator is ~onnected

to the power source; this induces current into a secondary winding called

the »Stor
: e :

Repulsion motor--Single-phase motor which tncorporates a commutator and

brushes

Deflection--Neviation from a standard
© cample: Pressi=o down on a V-belt to check for the amount oi 'ack

NEMA (National Electrical Manufacturer's AssociaAtlon)--Estab!ishes certain
voluntary standards relating to motors

Resilient mount-Rubber support on each end of the raotor which cushions
the mot .r base from vibrations

Rigid mount--Mounting brackets are permanently attached to the motor
frame

2lin--Difference between the synchronous speed of a motor and the speed
at which 1t operates

Shunt-A low resistance conductor which connects two parts of a circurt
in paralle!

Safety rules

A,

B.

Don't underestimate the potential danger of a 110 VAC curcuit

Be careful around electric arcs because they will cause bad burns to skin
and eyes

Remember that involuntary reaction to electric shock can cause you to
injure yourselt and possibly others

330
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INFORMATION SHEET

D;:a not work on live circuits except when absolutely necessary
Never install equipment that will overload a circuit

Never bypass electrical protective devices ’

All electrical lines must be properly fused

Protect all electrical wires when routing them over ‘refrigerant tubing
All electrical wiring must be well insulated

Stand on cry nonconductive surfaces when working on live circuits and
using electric tools

Check all circuits for voltage before doing any service work
Tag and lock all electrical disconnects when working on live circuits

Have a ground on all power tools

Use proper size electrical cord

All tools should have croper guards

Do not use tools with 1rayed or damaged curds
Wear eye protection

Do not touch moving parts

Mechanically yround all electric motors

1. Magnetism (1ransparencv 1)

A

B.

¥ ERIC

Aruitoxt provided by Eic:

Poles
1. North
2. South

Pole movemen.
1. Like poles repe!

2. Unlike poles attract
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INFORMATION SHEET

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 (Transparenéy 2)

A.

B.

Stator

(NOTE: The stator becomes an electromagnet which reverses polarity 120
times a second on 60 Hz current.)

1. Laminated soft iron
2. Wound with insulated wire

(NOTE: This wire is referred to as magnetic wire and it has a
thin baked-on enamel coating.)

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 «ous speed

V. Types of single-phase motors

A.

B.

Sphit-phase

Shaded-pole

Capacitor start induction run (C.S.I.R.)
Capacitor start capacitor run (C.S.R.)
Permanent split capacitor (P.S.C.)
Repulsion-induction

(NOTE This type of mror is becoming uncommon.)
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INFORMATION SHEET

Parts of open drive motor (Transparency 3)

A. Stator assembly

1. Stator windings

2. Frame (motor body)
B. Rotor
C. End bells
D. Overload

£  Centrifugal control

F. Starting switch

G. Assembly bolts

Common types of motor mounts (Transparency 4)

A. Cradle mount

o

Blower frame mount
C. Three ring mount
D. Lug ring mount

E. Rigid nount

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-dnp 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
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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

Three-phase motors (Transparency 5)
A. No starting devices
B. Each phase has a set of stator poles
(NOTE: Motor speed is determined by the number of pole pairs.)
C. Able to start neavy loads
Information provided on motor data plate (Transparency 6)

INOTE: Never remove the data plate from a motor.)

A. Model number /\

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.)
. Locked rotor amperage (L.R.A.)
J.  Service 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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INFORMATION SHEET

K. R.PM.
(NOTE" This is the revolutions per minute that a motor shaft will turn.)
L. 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
Types of motor V-pulleys (sheaves) (Transparency 7)
A. Standard ;;ulley
B. Step pulley
C. Adjustabie puiley .
-Methods of determining pulley size -
A. Pulley selection chart (Table 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 shculd not
be less than 2 inches for the least belt slippage. If raotor 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 Diameter of Pulley on Fguipment Ginches)
’ Motor T Equipment Speed (RPM)
8 Pultey
tinches) 114 112 134 2 214 2372 3 4 5 612 8 10 12 15 18

114 1925 1435 1230 1075 950 850 715 540 430 330 265 215 . _ -
- 112 2075 1725 1475 1290 1140 1030 850 645 515 395 320 265 215 s .
134 2400 1725 1500 1340 1200 1000 750 600 460 375 315 250 200 -
2 2775 1970 1725 1530 1375 1145 850 685 530 430 345 « 285 230 . |
214 ° 3100 2200 1930 1725 1550 1290 65 775 595 485 385 325 255 215 -

212 3450 2460 2150 1900 1725 1435 1075 850 660 540 430 355 285 240
3 2950 2580 2290 2070 1725 1290 1070 800 615 515 430 345 285
4 5500 3950 3450 3060 2775 2295 17256 1375 1060 860 700 575 460 375
5 6850 4920 4300 3825 3450 2865 21€0 1725 1325 1075 860 715 575 475
612 8950 6400 5600 4975 4480 3730 2790 2246 1725 1400 1120 930 745 620

E-3

Y

o
© ~w e wN NN
) Sy S U’zs
o ~ g DN o«
o no v oo (== a=)

8 7870 6900 6125 5520 4600 3450 2750 2120 1725 1375 1440 915 765
® 10 9850 8620 7670 6900 5750 4300 3450 2650 2150 1725 1430 1140 9560
12 9200 8280 6900 5160 4130 3180 2580 2075 1725 1375 1140
15 S 8635 6470 5170 3970 3230 2580 2150 1225 1425
18 7750 6200 4770 3880 3100 2580 2070 1725
i TABLE 1 co
S
/"i, B. Pulley selection formula
1. RPM of motor pulley x diameter of motor pulley = RPM of
g equipment pulley x diameter of equipment puliey
2. Choose diameter of either pulley X
3. Use formula and find diameter of other pulley
E xample: Assume motor speed is 1725 RPM and equipment speed

needs to be 2100 RPM, with a 3" motor pulley

1726 x 3 = 2100 x Diameter

Diameter of equipment pulley = 1725 x 3
2100
Diameter of equipment pulley = 2.46 inches

‘ 2.46 would read off to 2 1/2" pulley

X111, 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 ‘

Q ) 338 .
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B.

C

Excessive
1.

2.

6

7

INFO

Incorrect power line connecttons

+

RMATION SHEET

Excessive load

Excessive end play

Seized or worn bearings

Open overioad

noise
Unbalance
Bent shaft

Loose parts

Faulty alignment

Worn bearings

Dirt in air gap between rotor and stator

Uneven air gap

QOverheating of bearings

1.

2.

Motor bearings need oll

Dirty ol

O1l not reaching shaft
Excessive grease or ol
Excessive belt tension

Rough opearing surface

Bent shaft

Misalignment

of shaft and bearing

Excessive end thrust

Excessive side pull

Beit shippaqe
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D. Overheating of motor

1. Obstruction of ventilating system b
2 Overloading

3. Rotor dragging on stator

4 Incorrect voltage

5 High ambient location

E. Rotor or stator burned out
NP Worn bearings

2 Moisture ™

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

1 Replace or reset fuse

2. Check supply voltage with motor underload
(NOTE: Supply voltage should be within 10% of motor data plate
voltage.)

3. Check motor wiring .vith 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
¢. Bearing tightness

B. Excessive noise »
1. Replace out-of-balance pulley
2. Remove pulley and check straightness of shaft

33¢
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Tighten motor accessories and mounting
Align drive pulley with dri\;en pu||e'y
Replace bearings -
Clean motor

Check for out-of-round rotor

\\ \
-C. &\erheating of bearings

PR

2.

7.

8.

Use recommended nondetergent motor bearing oil

Put clean oil in reservoir ¢
(NOTE: This will only be possib|K0n large motors with bearing
oil reservoirs.) *

-

Clean excessive grease build up from ball bearings !
Adjust beit to proper tengion and check with an ammeter
Move motor shaft by hand to check for:

a. End play

b. Side play : .

c. Bearing tightness ‘

Repiace rough or worn bearings

N

Remove nulley and check for bent shaft

Align drive pulley with driver pulley

D. Overheating of motor

1.

o
- L.

3.

4.

Clean motor

Check belt tension and adjust L

s

Check full load amperage

Check for correct vol!tage :

{(NOTE: This voltage check should be made with the motor

underload and at the motor terminals.)

Check for loose bearings -
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’

" 6. . Check for tight béarings
- , 7. Check pulley alignment
8. . Remove pulley and check for bent shaft )

E. -Rotor or stator burned out

. 1. Have stator rewound - /
2. Replace rotor
. .
. 3. Replace complete motor . .
. "
’
t
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Electric Motor
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Parts Of An Open Drive Motor

Lleeve Bearing

Ventilated End Bell

Thrust Washers

Assembly Bolts Centrifugal Control ~ Rotor and Fans

- 11 Duv

=
A
3
(=N
1
(T
(S N
(apJko ¥4




Types Of Motor Mounts |

Rigid Mount

Blower Frame

343
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Three-Phase Motor

Phase C
Phase B e

Phase A




. Motor Data Plate

5

lr A.C. MOTOR
MODEL 500 TYPE KC PHASE 1
HP | 1% HERTZ (CYCLES) 60 F.LA. 15/7.5
VOLTS 120/240 RPM 1725
TEMP RISE 40° C L.R.A. 80/40
DUTY RATING | CONTINUQUS SERIAL NO. { 25803 ‘l
CODE S.F. 1.25 FR | 66
O— - ———0]

351
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Types of Motor V-Pulieys

(SHEAVES)

Standard Pulley

Adjustable V-Pulley

Closea

362 Il JHV
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i INTRODUCTION TO ELECTRIC MOTORS
¢ ) ' T UNIT

- - £
. -

' ASSIGNMENT SHEEvT.#1--GIVE THE REMEDY TO MOTOR i’ROBLEMS ‘ .

£
¥

In the following situations the, problems and the causes are stated; give the remedy ‘or
remedies) for each situation.

’ 1. Motor fails to start and an open circuit"breaker was found to L. the cause.

-

S

2. Motor is overheating and’ the ventilation openings in the end bells were found
to be clogged.

'
A4

3. Mctor is excessively noisy due to worn tzarings.
-~ )
p

.‘ 35{‘ ) - T . .'




S 32C “
:
¥ ASSIGNMENT SHEET #1 .
Lt 4, Motor bearings are overheating due to excessive belt tension.
®
/—‘
\ .
5. Motor 1s overheating due to being overloaded.
~
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INTRODUCTION TO ELECTRIC MOTORS
UNIT |

/
ANSWERS TO ASSIGNMENT SHEFT

Reset breaker or replace fuse.

Electric motors must be kept clean and dry, necessitating periodic inspections.
Dust s removed, and ventilating openings must not be covered Ly other

obstructions.

A dry or slightly worn bearing results in slip frequency noise or purr. Qil the
bearings properly (periodically as required) or replace. '

Adjust belt tension to proper value and check .with ammeter.

Check driven device to make sure it does not bind. Check application by
measuring input watts and amps + - fer normal operating conditions.

'
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‘ INTRODUCTION TO ELECTRIC MOTORS
UNIT |

JOB SHEET #1-DETERMINE LENGTH OF A V-BELT

I Tools and matenals
A. Flexibie tape measure
B. Belt driven equipment
Il.  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 wili fit.)

Motor Pulley

. FIGURE 1

(" Lé}
k// \ Equipment Pulley

8" Diameter

:

Round the measurement off to the nearest full nch
Check that the motor is n the center of its adystment range
Have nstructor check

Clean up and put away tools

r}r)v,.,
LA ¢




& ARC Il - 37-C

. ' INTRODUCTION TO ELECTRIC MOTORS
UNIT |

JCB SHFET #2--ADJUST V-BELT TENSION

. Tools and materials
A. Open end wrenches
B. Straight edge . e
C. Ammeter -
D. Belt driven equipment
T 7 1. Procedure
A. Disc nnect electric power from belt driven equipment

8. Remove V-belt

. C. Check pulley alignment (Figure 1)

> SN
- S k\
-
sl S ome

FIGURE 1

N. 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
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JOB SHEET #2

Press down on belt halfway betweer motor nutley and blower pulley (Figure
2)

FICURE 2

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
manafacturer's recommendations for proper tension.)

FIGURE 3

If belt s too loose, loosen motor adjustment and tighten belt
Recheck deflection
Replace any blower panels that have bheen rem ‘cu

(NOTE: In order to obtain an arcurate amperage reading, the panels must
be on the blower compartment.)

Start the biower

3oy
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JOB SHEET #2

L Check amperage
(NOTE If the amperage draw 1s ton high, the belt i1s too tight.)
M. Have instructor check :
— N  Stop blower

‘ O  Clean up and it away tools

3{)‘:}




UNIT |
NAME

INTRODUCTION TO ELECTRIC MOTORS

TEST

a. Stationary section that consists of the

windings and core which form the
electromagnet that produces the
magnetic field causing the mator to turn

. Alternating current motor in which the

stator is connected to the power source;
this induces current into a secondary
winding called the rotor

Soft iron, laminated portion of the
stator which the insulated wire is wound
around

Single-phase motor which incorporates a
commutator and brushes

Rotating section which rotates within
the stator of a motor

Constant speed to which aa alternating
current motor adjusts itsel., depending
on the frequency of the powrer supply
and the number of poles in the motor

Establishes certain voluntary standards
relating to mot rs

. Deviation from a standard

Difference between the synchronous
speed of a motor and the speed at which
it operates

Rubber support on each end of the
motor whi:zh cushions the motos Das2
from vibrations

"ounting  brackets are permanently
attached to the motor frame

A low resistance conductor which
connects two parts of a circuit 1n paralliel

Match the terms on the right to the correct definitions.

1.

2.

11

12.

Rotor
Poles

Induction
motor

Synchronous
speed

Re, "ilsion
motor

Stator

Lyeflection
NEMA (National
Electrical
Manufacturer's
Association)

Slip

Resilient mount

Rigid mount

Shunt

- 41-C
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.

List'ten safety rules pertaining workang wath e

Uiscuss magnetism

3670




Discuss magnets in an induction type motor.

List five types of single-phase motors.

e.

identify the parts of an open drive motor.

-

J
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8. *°Discuss motor enclosures

a Open

(%
op’
WS




. /
// !

/ h . ARC Il - 45:C
. ‘ b. Open-drip proof

13 K
/
c. Totally enclosed
N v, . i
K d. Explosion proof

e. Submersible

9. Discuss three-phase motors.




\
3
\ 10. List the fourteen items of information provided on a motor data plate. ’

\
A
s a.

\ b. .

yoom.

| .
"N,

11. Identify the types of motor V-pulleys.

L
o
e
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Diam

Motor

Pulley
{inches)

1
1
1
2
2z

2
3

Orametar of Pulley on Equipment (inches)

Equipment Spesd (RPM)

114 112 134 2 214
1725 1435 1230 1075 950
2075 1725 1475 1290 1140
2400 2000 1725 1500 1340
2775 2290 270 1725 1530
3100 2580

% 5200 1930 1725

3450 2870 2460 2150 1900
4140 3450 2950 2580 2290

a. Equipment speed
Motor pulley
Equipment pulley

b. Motor pulley
Equipment pulley
Equipment speed

c. Equipment speed
Equipment pulley
Motor pullay

d’ Motor pulley
Equipment snreed
Equipment pulley

t
e. Equipment pulley
Motor pulley
Equipment speed

212
850
1030
1200
1375
1550

1725

2070

s R

4

715 540
r 850 645
1000 750
1145 850
1290 ° 965
1435 1075
1725 1290
750 RPM
1 3/4"

2"

3Il

1725 RPM
1 1/4"
3" .
25680 RPM
5"

Solve the pr'oblems using the pulley selection chart method for determining pulley
size. ’

5
430
515
600
685
775

850

1070

List three causes for each of the following

a. Failure to start
1)
2)
3)

h. Excessive noise
1)

2)

Y

{r1n

1]

6 .2

330

295"

400
530
595

660

» 800

265
320
375
430
485

540

615

10

215
265
315
345
385

430
515

motor problems.

%

200
230
255

285
345
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¢ Overheating of bearmgs

1)

2)

3)
d. Overheating of motor

1) .

2)

3) »
e. Rotor or stator burned out

1)

2) ‘

3) .
List three remedies for each of the following motor problems.
a. Falure to start

1)

3)
b Excessive noise —

1) ,

2)

3)

o Qverheating .of bearings ) €

H j

Ny

W

35y
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. d. Overheating of motor

. 1
2
2)
e. Rotor or stator burned out
1)
2)
3)
. 18. 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 he completed.)

‘ .

\) . ’4 (\ ) )
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. INTRODUCTION TO ELECTRIC MOTORS
UNIT |

ANSWERS 7O TEST

1 a. 6 . d b g 8 i 10
b. 3 e 1 h., 7 k 1
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 eyes

y 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 nrecessary
e. Never install equipment that wil! overload a circuit
f.  Never bypass electrical protective devices

g. All electrical lines must be proper'y fused

1. Protect all electrical wircs when routing them over refrigerant tubing
I All electrical wiring must be well insulated

. S.and on dry nonconductive surfaces wher work:ing on live circuits and
using ~lectric tools ’

k  Check all cir~ its for voltage before doing any service work
I, "Tag and lock all glectrical disconnects when working on lve circuits
m Have a ground on all pcwer tools
n. Use nroper sice electrical cord

0 All tools should have proper gquards

‘ p. Do not use tools with frayed or damaged cords
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q. Wear eye protection
r. Do not touch moving parts
s.  Mechanically ground all electric motors

Discussion should include.

a. Poles ‘
1) North
2) South

b. Pole movement

1) Like poies repel

2) Unlike poles attract
c.  Electromagnet
1) fnsulated wire wound around a so}t iron core
2) Alternating direction of current flow reverses polarty
3) ESSF:’ntId| In suppiying the magnetic field for rotor rotation
Discussion suiould include ‘ . -
a.  Stator
1 Laminated soft 1ron
2) Wound with insulated wire
b Rotor
1) A permanent rmagnet .
2! Turns seeking an opposite pole
3} Push-pull action of attrac;mq and repelling keeps rotor turning
4) Autometically adjusis to the synchronous s;;eed

Any fiva of the feliowing
a Split phase
h o Shadednale

R 3 ~ A
¢ Canauitor siaet nduction un 1CSTR ;G

O
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ARC Il

Capacitor start capacitor run (C.S.R.)
Permanent split capacitor (P.S.C.)
Repuision-induction

En('i bet!

Rotor

Overload

Stator windings

Starting switch

Frame (motor body)

Centrifugal control

Assembly boits

Three ring mount

Craule mount .

Lug ring mount

Blower frame nm.nunt

Rigid mcunt

Discussion should include

Open
1 Air openings 1n frame and/or erd bells
2} Used where dirt, dust, ana moisture are not a probklem

Open anp oot

1) Air openings are in frame with shrouds to brevent moisture from
anternng
?) U.ed where dripping moisture mav be a probiem

Toraty enclesed

1 Mo oarr oper ngs

2} Used wherp dust or dirt may be 1 proiy-m
)1y 1 4
J7L
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Explosion proof
N Constructed so that no sparking occur.

2) Used where explosive vapors are a problem

e. Submerstble
1) Totally enclosed and sealed
2) Used where 1t is necessary for the motor to be submersed in water

' or some other fiutd

.

9. Discussion should irnclude
a. No starting devices
b. Each lphase has a set of stator poles .
c. Able to start heavy loads

10. a. Mode! number

b Sertal number

c. Type

d. Horsepower rating (Hp ) ) . .
& Phasz (Ph) -

f.  Hertz (cycle)

g Voltage .
h.  Fril load amperage (F.L.AJ '
»o L Locked rotor amperage (L.R.AN

1 Service factor (SF)

o "k RPM

;o ’ T Frame
m Temperature 1ise
n Duty m:i*w;

11. A Step pu ey

b Stoangtar b pulley

- ) e
¢ Arhisiable Jirissy
.

ERIC
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12.

13.

a. 4"

b. -1145 RPM

c. 11/48"

d. 2"

e. 1070 RPM

Any three of the following under each section:

a. Failure to start

1
2}
3)
4)
5)
6)
7)

8)

b. Excessive

1
2)

2)

Btown fuse or open circuit breaker
Low voltage or_no voltage

Open wiring circuit

Incorrect power lire Gonnections
Excessive load

Excessive end play

Seized or worn bearings

Open overload

noise ’ ’ .
Unbalance

Bent shaft

.Loose parts

Faulty ahur.ment
Waorn bearings
Dirt in ait gap between rotor and stator

Uneven &ir gap

¢ . Overheating oi bearings

1)
2)
3)
4)

5)

-

Motor bearings need oil
Dirty ou

Cif not reaching shaft

Excessive grease or oil

Exceseive belt tension

371 -
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Rough bearing sirface

Bent snaft

Misalignraent of shaft and bearing
Excessive end thrust

Excessive side pull

Belt shippage

d.  Overheatinj of motor

1) Obstruction of ventilating system
2) Overloading
3 Rotor «rigging on stator
&) Incorrect voltage
5 High ambient location

e Rotor or stator hurned out
1) Worn bearinos
2] Massture

; 3 Acics or alkales
4) Accur;wulat!on of excessuv.e conductive dus*
5) Overlaeding
6) Defective start mechansm
14 Any thiee of the Tollowing undei - ach sectior

d Folure to start
1 Renlace or reset fuse
2} Check supply voltane with motor underload
2 Check motor winng wath ohmmeter
4. Remove load trom moto- and try to start
5 Move motor shaft by had to check for

ERIC

Aruitoxt provided by Eic:

G Erd peay
g Sude play
o Beanng thahitness
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|
‘ ’ b.  Excessive noise
1) Repiace 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 bearngs
6) Clean motor |
7) Check for out-of-round rotor
-~ Overheating of bearings . _ 1
1) Use recommended nondetergent motor bearing ol ‘
2) Put clean oil in reservoir N
3) Clean excessive greese build up from ball bearings
. 4) Adjust belt to proper ternsion and check with an ammeter
< 5) Move motor snaft by hana to check Tor.
‘ a)  End play
b}  Side play

c) Bearing tightness

6} Replace rough or worn bearlr{gs
7) Remove pulley and check for bent shaft
8) Ahgn drive pullev with driven pulley
4 Overheating of motor 'Y )

1) CIeaAn motor
2) Check belt tension and acdju 4
3) Check full load amperage

- 4, Check for correct voliage

’ 5) Check for lonse bearings

6) Check for tight bearings

71 Check puliny aligiment

. 2 Remave nulley gned check fo- hont shaft
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e. Rotor or stator burned out

i Have stator rewound
2) Replace rotor
’ 3) Replace complete motor
15. Performance skills evaluated to the satisfaction of the instructor

erlc | T
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"

SPLIT PHASE AOTORS
UNIT

UNIT QBJECTIVE

After comotaton of this i, the student should be able 1o rdentidy var.cus components
of spit phase miators and st windings and their characteristics  The student should also
be able to match motor tead code number to color, wie o spnt phase motor, and
disassershle ngpect, clean, ant reassemble 4 osplit phase motor This Anowledyge will be
cvedenced throagh demonstriation auna by scoring eightv-five nercent or the umit test

SPECIFIC OBJECTIVES

Lfrec om0 ths uyeet the student should belatie 1o
|

1+ ‘o

Hor teres ssoctated woth split phate motors to e o et dehing o

E Syt toe oo cron horsepowe  ranae of split phdase motors
%
3 oannie e s of snbie bhase maotors
. T e b ety ob gospii phane et
" Sty dhrnat ot of the vemndinegs on DA TR
,
B TR ME At o uchamison
.
L I S I N SILAAN S L PRI A AR AT
Voo s Lot e
¢ . faa NS TR O S R N A A ot
R o e et 1ot vt otgty
p . . T L
.
FAN o)
T S . I ! Pt A '
| gt ) . (R . , y
€
s
17~
L
- ‘.
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SPLIT-PHASE MOTORS
UNIT 1

SUGGESTED ACTIVITIES

Instructor.
A Provide student weth.ob]ective sheet. .
B. Provide student with information and job sheets.

C. Make transparencies.
D  Discuss unit and specii:c objentives .
Discuss information sheet
F Demonstrate and discuss the procedures outhined in the Job\\§heets
G Disassemble a spht-phasegmotor and place it on a d|splay board.
H Give test g / | . ’
Student
A Read objective sheet,
B8 Study information sheet.
C Complete job sheets
D Take test
INSTRUCTIONAL MATERIALS
Included in this umt
A Objective sheat -
B Informatior ieet j
C Transparency niasters ‘di

i TN 1 Split Phase Motors

Z TM 2 Characteristics of Run and Start Wmdn}qa

s

374
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» . -

/ 3 TM 3 Scheme . Diagram of a Spiit Phase Motor
4 TM 4 NEMA Motor Lead Color Code
. b TV 5 Mowr Wining tor Rotations
6 TM 6 Motor Wiring for 120 VAC or 208/240 VAC Operation
W
Job sheets ) &\
- ° \ ) ¢
1. Job Sheet #1--Wire a Split Phase Motor to a 208/240 VAC Supply
2 Job Sheet #2--Disassemble, In(pect, Clean, and Reassemble a
Split-Phase Motor |
\ Tt
E Test ) *
A}
- Answers to test ‘
3 S
1 2nferences. -
. Schweitzer, Gerald. Basics of Fractional Horsepower Motors and Reparr
Rochelle Park, New Jersey. Hayden Book Zo, Inc., 1960.
£ Aithouse, Andrew D.; Turnquus—t, Carl H , and Bracciano, Alfred F Modern
Refrgeration and Air Conditioning Homewood, Hltinois Goodheart Willcox
Co, 1976~ . _ ‘
f h- .
¢
~d
o \
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* SPLIT HHASE MOTORS
\\ - UNIT L

’

\ L . |
: ’ INFORMATION SHEET &7
- \ ] : .
|+ Terms and dMnmuoné ) - o
A Torque Twisting force created by a motor¥as it staris and runs T

*B  Start winding--Winding in the electric moror thet is'used o4ly brietty whi'e

N . J the motor is/starting .
. , ) C. ~“Run w()nding~Wmdlng otsno®r which has current fiowing threugh it during
T ’ ,normal opemtion: of motor .
. "D Split-phase imotour--Motor with two statar windings; while both windings
- - - are jn use for’starting, the starting winding is ‘disconnected by centrifugal

switch dfter motor attains approx'mately 75 to 80% of its speed and motor
4 s then operates on run winding only '

/ -~
{f  Common horsepower range of,spllt-phase motors--1/20 to. 3/4
. ) L .
— . L x
. . 111 Applications of sphit-phase motm}lransparency 1)
LY ¢ '
A Fans . -
d . . \
- . ~ N
. y <
PPN ::'B " O burnars
N ‘,Q ' ~ .
C  Pujmps .
- [ J
. : . D Bibwers 4
. . ” .
; - E Ddmestic refrign *or compressors 4
. : {NOTE All motor starting components must be external on a hermetic
. " - dOpressor ¢ ator ) t
_ Windings of sphit-phase motor
-~ [ NS
’ AT Stant
E : N
) . - B. Run . *
. : .
. | .
© M Chargactbristics Hf vandings v sphit phase moter (Transparency 2)
- I
' A Stgrt winding s
< - .
, .
AR 1 High resistance * 0
e ) !2 Small vuire i
0 ] -
.. i
. .
»
) -
" ¥ f
N g;}y A
Q ' Al L

.. . >

‘ y o . \
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/
INWFORMATION SHEET .
3. More turns //
Ny \
/ 4. Wound on top of run winding n pole slots
/' B Run windirg
/ 1. Low resist. .ce
) 2 Heavier wire
3 Fewer turns ‘
4, Wound in bottom’of pole slots |
: l . . o ' 4
Vi pPurpose of starting mechanism--Remcves starting winding when motor reachesf
appjro?lmate(y 75 to 80% of s synchronous speed
VIt Corlppbnents »f sphit phase motor (Transparency 3)
f
A - Pverload (inherent motor protection)
‘4
B Rotor
C. Centrifugal starting r.echianism or relay
D Stait..g winding '
- E Run winding ",
\ |
VIHI W National Elg€trical Manufacturer's Assoctation (NEMA) motor lead codes for start
Saet TUn-Windings (Transparenty 41
, ’ )
A Start winding T2 and T4
B Run windmag T1 and T3
INOTE 0 olde motors the .un winding was markedd M1 and M2, and the
start wanhing  sas narked S1oand S2.)
¢ Motor lead color code
A Tl Red '
i
- B T2 Blue
¢ 73 Vehow
-
D T4- Black ’
(INOTE  Thy colr coding is typical end may vary . some specific motors.)
"ERIC | |
. ¢ 197
\ 387
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INFORMATION SHEET

Directions of rotation (Transparency 5)
A Counterclockwise »
B Ciockwise

@

(NOTE Motor rotation 1s determined from shaft end on some motors and
opposite the shaft end on others.)

Motor power wiring (Transparency 6)
A 120 VAC

8 208/240 VAC

*
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- ¢

: Characteristicé of Run and Start Windings

Run

Low Resistance _/\/\/\/_
Heavier Wire — 000 -

-

Wound in-Bottom
of Slots

™

Few Turns < FO000 -

-

Start

High Resistance | _/\/\/\/\/\/_

Lighter Wire TS0V

More Tuns  — 000000000

Wound on Top ~—___
of Main Winding —¢

FE— )

' | N
T F=———Laminated Poles /J o

369 - II JHVY
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S(;hematic Diagra'm of a Split-Phas:a Motor

. Centrifugal
Overload Rotor Starting Switch -
\ \ -/

0, \— \

o —e
Power ‘ '
Source r‘ '

T e -
/. .7 ‘ :
Heater Wire Bimetal | \ \Starting;
‘ Disc Run Winding Winding

(Main). (Phase)

3

J

3

O-1L - 11 JHV




NEMA Motor Lead Color Code

T1— Blue
T2 — Red

T3 - Yellow

T4 — Black

S-EL - 11 YV




-

2 * -~

12
Power T13 (°°9
Source 739 \oo0
o} 4 “TY-
' T4
. (Note:

EC 397

Aruitoxt provided by Eic:

.
I P
“

L

* Motor Wiring fo

>

Counterclockwise
Rotation

~

T2

r Rotations -

07
Power| |71 £°9
Source 133 oo
L o— S11%

On some motors the wiring is inaccessible.)

Clockwise
Ro}ation
>
3
393 -©
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’
X K}

Motor Wiring for 120 VAC or 208/240 VAC Operatm
Startmg
Switch Starting V'
S\ ' » ing ihy
| \' “Rotor7~ é:“m‘;lr A "
o ' 2l 120-Volt
%’ @ £ —3 g_Power(]Source
. . f:é g :
Vv?ﬁ'&angs , J, | Overheat Protector
: 5 ,
T gtam?lg :
| o — Starting Winding
"R tor~, EJ_IM R
‘o 6:9:3 S 218 [ 208/240 Volt
- : ‘ b ower Source
Main /@4 =

: | Windings &1i_| —Overheat Protector
o , ™

Q 39.4 K | " 15
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SPLIT-PHASE MOTORS
UNIT §l

JOB SHEET #1-WIRE A SPLIT-PHASE DUAL VOLTAGE MOTOR
TO A 208/240 VAGC SUPPLY
I. Tools and materials
A.  Ammeter
B. Voltmeter
C. Dual voltage split-phase motor
{I. Procedure
A. Check to be sure all electricca| power is disconnected

B. Connect lead #3 to L1 (Figure 1)

Starting Switch ‘ _Starting Winding
Rotor

1 Ly
S 2] 108 208/240-Volt
4 ; > c Power Source
— L
E 2

. - 1
Main Windings C‘g‘ Qverheat Protector
2

FIGURE 1

Connect leads #1 and #2 togethe!

o o

Connect lead #4 to L2

E. Have instructor inspect wiring

™

Place voltmeter at 250 VAC or higher range
‘G. Clip voltmeter leads Eo motor leads #3 and #4
H. Place ammeter 1n highest range

{. Clamp ammeter around L or L2

J. Turn on electrical power and start motor

395

f
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JOB SHEET #1

K. Adjust test meters for most accurate reading
L. Record readings
M. Have mnstructor inspect

N. Clean up and put awav tools
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SPLIT-PHASE MOTORS N -
UNIT N

JOB SHEET #2--DISASSEMBLE, INSPECT, CLEAN, AND REASSEMBLE

A SPLIT-PHASE MOTOR

>

I. Tools and materials «
’ A. Split-phase motor
B. Screwdriver ‘ -
C. Open end wrench ‘
D. Center punch 3
: (
E. Ball peen hammer | iy
»
F. Souft face hammer . /
G.  Small socket wrench set ‘

K.

L.

Motor cleaning fluid
Clean shop towel
Ccmpressed air
Safety glasses

Polishing cloth

It. Procedure

Check to be sure electrical power is disconnected
Remove motor from refrigeration system, if necessary
Clean cff outer surface of motor

Disconnect wires at motor

(NOTE: Be sure to label or draw a diagram of wire positions on motor
terminals.)

Remove motor pulley

39
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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)

(NGTE Prior to removing end. bells polish shaft ends for easy removal.)

FIGURE 2 .

’ 394
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FIGURE 3

ARC Il - 83C

JOB SHEET #2

Use soft-fa®d hammer and drift punch to tap end bells loose (Figure 3)

w

Remove end bell that does not contan starting switch
(NOTE: Obserre position and number of shims as you remove the rotor.)
Remove rotor %

Remove end bell contzininy starting switch

P

(CAUTION: Do not atiempt to remove stator.)

Put on safety glasses

Clean motor with compressed air

Clean outside of motor with specia| cleaning .luid

Clean bearings and make sure wicking is in place and oiled
(CAUTION: Do not clean ball bearings with compressec air.)

Replace end bell containing switch

Insert rotor ymaking sure shims are in place

(NOTE: A drop of oil should be placed on bearing part of the shaft.)
Vistially inspect rotor and stator alignment

Check position of end bells with center punch marks

4ul)




T  Use softiaced hammer to tap end bells in place (Figure 4)
FIGURE 4

U Insert end bell bolts and tighten

V. Turn shaft by hand

wicking may be between bearing and shaft)

W Have instpuctor inspect

X Connect temporary leads and test motor

Y  Cfean up and put away tools

JOB SHEET #2

{(NOTE" If 1t 1s tight, end bells may not be in proper alignment, or the

401
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4,

Match the terms on the right to the correct definitions.

d.

SPLIT-PHASE MOTORS
UNIT 1l

NAME

TEST

Twisting force created by a motor as 1t
starts and uns

b. Winding of motor which has current

State the common horsepower range of split-phase motors.

flowinq through it during normal
operatiun of motor

Motor with two stator windings; while
both windings are in use for starting, the

. starting winding s disconnected by

centrifugal switca after motor attains
approximately 75 to 80% of its speed,
and motor then operates on run winding
only

. Winding in the electric motor ‘that is

used only briefly while the motor is
starting

List four applications of split-phase motors.

a.

b.

C.

d.

List the two windings of a split-phase motor.

a.

b.

407

/ ARC Il

1.

Split-phase
motor

Start winding
Run winding

Torque

!
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1‘ 5. ~ List the characterisiics of the windings in a split-phase motor.

a. Start winding
1) -7
2)
3)
4)

b. Run winding

1)

2)

3)

a . )
6. Discuss the purpose of the starting mechanism.
7. Identify the components of a split-phase motor.

O ——— e

O__ —
Power
Source

[ |
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' ARC Il - 87-C
. 8. Match start and run windings on the right to the motor lead codes by NEMA,
a. Ti 1.7 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 , . 1. T3
b. Red 2. T1
c. Black ' 3. T2 .
. d. Blue 4, T4
) " T 10. Identify the directions of rotation. :
® . i
, %0
a Power Source o 0
: 13§ R0
cl4 - — T .
/2 — .
: T2 .
b T1 o
Power 00 °°
Source
139 Re°
L. N
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‘“_ 11. Identify the motor power wirings.

Stgrting Winding

: Rotor I
® Starting ¢
Switch g =
A
- E
. . . / )
’ Main Windings 1344/ Overheat Protector
a8 . :E 2
1
é

x A a'

<

. . - ~ “Starting Winding
. Squirrel-&age : .

Main Winding

Starting Switch <

O BN —

mom‘WP 1

L~ Overheat Protector:

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 activi‘ties have not been accomplished prior to the test, ask
your instructor when they should be completed.) - .

’ 405 4 - \
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Tyt a

SPLIT-PHASE MOTORS
UNIT Il

. ANSWERS TO TEST

1 a. 4 ,
‘b 3
c. 1
d 2.

2. 1/20 to 3/4 ‘ ' .

3. . Any four ot the following:

"a. Fans |
6. Oil burners ‘
c.” Pumps

d. Blowers
e. Domestic refrigerator compressors

4. a. Start -

b. Run
5. a.  Start winding
1) High resistance N
2) Small wire

3) More turns -
4) Wound on top of run winding in pole slots

b. Run winding

1) Low resistance

2) Heavier wire A .
3) Fewer turns

4) Wound in bottom of pole slots

1

406 o




10.

11.

12.

Cisoussion sh¢uld include-Removes starting winding when

¢

approximately 75 to 80% of its synchronous speed

d.

b.

d.

b.

Qverload (tnhereni motor protection)

Roto: :

. . P .
Ceririfugal starting mechanism or refay — <k
Starting winding

Run winding

2

1 B

4

3
Counfarclockwise
Clockwise
208/240 VAC

120 VAC !

Performante skills evaluated to tre satisfaction of the instructor

motor reaches .

K4
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SHADED-POLE_MOTORS
UNTT 11

a

‘ uniT oBJEGTIVE

After completson of this unit, the student should be able to define terms, list applications,
and "ist chsadvantages of shaded-pole motcrs 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 knowiecfbe will be evidenced through demonstration and
by sconng eighty five percent on th= umit test -~

SPECIFIC OBJECT\\/ES

Ny

Atfter (crnp|etfon of this unit, the student should be -able to '

1

?

6]

6

8

9

e

Define terms associated with shaded-pole motors.

st applications of shaded pole motore

Disruss the stator ronstruction (?f the shaded-nole motor

Match number of poles to the correct m‘otor RPM.

List three disacvantages of chaded-pole motors

List the two voltages for shaded pole motors.

Diceuss the methods of reversing rotation of shaded-polé motors.
Discuss the methods of varying the speed 1n shacteshpole mofors.

Srate the most common remedy of shaded-pole motor failure. ’

’ . . N
10, - Demonstrate the ability to check ‘a_shaded-pole motor

1

~
L
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. SHADED-POLE MOTORS
UNIT 111 :

SUGGESTED ACTIVITIES

. Instructor:
A. Provide student with objective sheet.
Provide student with information and job sheets.
Mak : transparencies.
Discuss unit and specific objectives.
Discuss information sheet.
Demo‘nstfate and discuss the procedtjre outlined in the job sheet.

Show several different styles of shaded-pole motors.

I o mm o O ®

Disassemble a shaded-pole motor and place on a display board._
I. Give test.

. « li. Student: -
A  Read objective sheet.

B. Study information sheet.

P
ON

Complete job shee'.

D. Take test.

INSTRUCTIONAL MATERIALS

I Included in this unit:

A. Objective sheet

B Information sheet

C  Transparenty 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 Maotor
€. Test
F. Answers to test

References:

A. Schweitzer, Gerald. Basics of Fractional Horsepower Motors and Repair.
Rochelle Park, New Jersev: Hayden Book Co., Inc., 1960. N

8. Althouse, Andrew D.; Turnquist, Carl H.; and Bracciano, Alfred F. Modern
Refrigeration and Air Conditioning. Homewood, |llinois: Goodheart-Willcox
Co, 1975. )

4 LU
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-

\‘“‘ SHADED POLE MOTORS
UNIT 11 \

INFORMATION SHEET

I Terms and defimtions °

A Reactor coil- Coil of mary 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 1s sometimes called a choke and looks similar to a
transformer }

B Shading coil--Closed loop of wire placed n a slot in the motor's stator
s prle and provides a phase shift to aid in motor starting and determines
direction of rotation
I Apphications of shaded-pole motors
A Refr .erator evaporator fans
B  Refrigerator condenser fans
. C Windew ar-conditioner fans ;
D' Furnace blowers

E Furnace combustion fans

- F Timers

11 Stator construction (Transparency 1)
A Laminated poles
.
B. Poies are siotted
C  Stator winding 1s below shading slot
D Each shading coil i1s a closed loop
IV Number of poles and motor RPM
A, Two pole 3.000 RPM
B Four pole 1,500 RPM
C Six pole 1,050 to 1,100 RPM
. INOTE Motor RPM o determined by the number of poles)

"ERIC 411
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Aruitoxt provided by Eic:
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Vi

Vil

INFORMATION SHEET

Disadvantages ol shaded pote motors
A Low torgue

B Speed varrations

(NOTE  The speed of a shaded pole motor may vary over a wide range
with o change n aither load or the appied .voltage.)

C Inefficent

Voltages fot shaded pole mntors
A 120 VAC smg}la—,nhase

B 208 240 VAC single phase

(NOTE  Shaded pdle motors are not avalable in either dual or three-phase
voltages ) '

Methods of reversing rotation of shaded pole motors

A' Mechanical

1 Rotor reversal : .
d Disasse mple motor,
b Roverse rotor assembly in stator
< Reassemble motor

2 Chianging shading slot
d Disassemble motor
b Remcwve rotor assembly

s Cut new shading slots in opposite Side

1 Move shading coils to new slots
P Reassemble motor

INOTE  These procedures are not recommended for frerd use but
qay he necessary anoextreme sitaations )

417
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ARC I - 97-C

.

INFORMATION SHEET

Electrical
1. Two sets of field coils per shad;ng coil (Transparency 2)
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. Conlnect 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.)

Methods of varying speed {Transparency 3)

A. Tapped stator winding

1. High speed--Least resistance portion of winding

2. Low speec--Complete winding high resistance

B. Reactor coil

1. Wired in series with stator winding

2. Low spéed--Through reactor
3. ' High speed--By-pass reactor

Most common remedy of shaded-pole motor failure--Replacement
and they are

(NOTE: Shaded-pole moturs are relatively Inexpensive
time-consuming to disassemble and repair. Therefore, replacement is the generally

acceptea procedure 'nstead of major reparr.)

413




Stator Construction

Pole of a Shaded—_PoIe Motor

, _ Shaded Portion of Pole A
Main Portion

of Pole

Laminated Core

.....

Note: Arrow on Main Portion of
Pole Indicates Direction of Rotor Rotation

Placing Stator Windings
on a Shaded—Pole Motor

Laminated Core

/

| - === Line
~ Stator wevceses Input
Winding .
, Shaded Coil
Pole Piece

415
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Electrical Reversal of Rotation

(-

One Pole of Laminated Core Cut into 3 Subpoles

’Lf*”'-_'??-fg " i:f'-:- '--il?éif?? “ ;Shadmg Coil
Stator Winding 3 1Stator Winding

Rotor Suiface R, {’?cﬁ . |
Doubie—Pole " Line Input

Double—Throw
Switch

With Switch at A, Rotation is Clockwise
With Switch at B, Rotation is Counterclockwise

41

{

I odv
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o
Methods of Varying Motor Speed
| Tapped Winding Reactor |1 Circuit
L1 L1
't ~ ? ~ High Speed

High Speed —O

O
Low Speed ,SW'tCh

~ Shaded—Pole Motor

Low Speed
Reactor Coil

Shaded — Pole Motor

Reactor

SPDT
Switch

. 419
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‘ , SHADEP-POLE MOTORS

- . \}INlT i

JOB SHEET #1--CHECX A SHADED-POLE MOTOR

I. Tools and’materials
A Shadgd~po|e motor -
B. Power cord with test clips -
C. Ammeter or wattmeter
D. Bench vise
. E. Compressed air
F. Motor cleaning flud
/ G. Shop' towel v
H. Safety glasses
. {.  Ohmmeter
‘ J Polishing cloth
‘ i, Procc.edure A
A. Place motor in bench vise
’ / B. Put on safety glasses
‘ § C. Cléar) motor with compressed air
/ D. Clean outside of motor with cleaning fluid

, N I
(NOTE: Motors that are cleaned will run cooler and more efficiently.)

E. Use ohmmeter to determine high and loWw speeds on stator tapped motors

F. Take hold of motor shaft

G. Check side play ) , \ )

H. Check end’play
. - [ Have instructor check if side play or end play is excessive : «
. ) L a)nnect test cord to motor leads |

O ‘ ' v’ 420
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Aruitoxt provided by Eic:

JOB SHEET #1

-

K. Clamp ammeter around one motor {ead or c;)nnect wattmeter
L. Plug in power cord

M. Check amperage reading

N. Compare amperage reading to F.L.A.” on motor.
0

Have instructor chelk

P. Clean up and put away tools
!

-
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SHADED-POLE MOTORS
UNIT 1l

NAME

F C TEST

1. Define the terms associated with shaded-pole motors.

a. Reactor coil--

b. Shading coil-- .

- 2. List five applications of shaded-pole motors.

e.

" Discuss the stator construction of the shaded-pole motor




4, Match the number of poles on the right to” the correct motor RPM. '

______a 1,500 RPM 1. Two pole
____b. 3,000 RPM 2. Six pole "
. c. 1,060.1 100 ]PM 3. Four pole
5. List three disadvantages of shaded-pole motors.
. a.
b.
c.
L«
6. List the two voltages for shaded-pol. rors.
a. ’
b.
. 7. i3cuss the methods of reversing rotation of shaded-pole motors.
| a.  Mechanical
®

b Electrical




8.

10.

. ARC I - 109-C

Discuss the methods of varying the speed in shaded-pole motor

State the most common remedy o' shaded-pole motor failure.

Demonstrate the am to check a shaded-pole 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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\
‘ SHADED-POLE MOTORS
UNIT Ih
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. Fiefrigerator evaporator fans
L, b. Refrigerator condenser fans

c. Window air-conditionar fans

d. Furnace blowers
N -

e. Furnace combustion fa s

- . f.  Timers

3. Discussion should inciude:

a. Laminated poles

.
-

b. Poles are slotted N

¢. Stator winding is below shading slot

d. Each thading coil 1s a closed loop

4, a. 3
h. 1 .
c. 2

5. a. Low tora..

b. Speed variations
c. Inefficient

0. a. 120 VAC sjngle-phase

. b. 208/240 VAC single-phase




7. Discussion should include:
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
¢] Cut new shading slots in opposite side
d) Move shading coils to new slots
e)  Reassemble motor
h. 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 for the rotation desired
8. Discussion should include:
a. Tapped stator w?nding
1) High cpeed--Least resistance portion of winding
2) Low speed--Complete winding high resistance
b. Reactor coil
1) Wired n series with <tator winding
2) Low speed--Throuah reactor
3) High speed- By pass reactor

9. Reptacement

10. Performance sk:i'l evaluated to the satisfaction of the instructor
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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 motc-s, and start a seized hermetic compressor.
Trus knowledge wiil be evidenced through demoristration and by scoring eighty-five percent
on the umt test

SPECIFIC OBJECTIVES

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

1. Define terms associated with canzcitor motors.

2 List two types of capacitor motors.

3 Discuss the characteristics of capacitor motors.

4 Discuss C.S.1.R. (Capacitor Start-Induction Run) motors

5 Discuss C.S.R. (Capacitor Start-Capaciter Run) motors.

6 Discuss P.S.C (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
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CAPACITOR MOTORS,
UNIT 1V

SUGGESTED ACTIVITIES

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. o

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 disp|ay board. .
i. Give test.

Student:

A. Read objective sheet.

B. Study information sheet.

C. Complete job sheet.

D. Take test

INSTRUCTIONAL MATERIALS

Included 'n this unit:

A

B.
C.

Objective sheet
information sheet
Transparency masters
1. TM 1-C.S! R. Motor Wiring

2. TM 2--C.S.R. Motor Wiring

3 TM 3--P.S5.C. Motor Wiring




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.

8. Crim, Jchn H. Refrigeration System Components. Sidney, Dhio: 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. )
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CAPACITOR MOTORS
UNIT IV - .

INFORMATION SHEET

4

-

Dual-voltage motors--Motors which are designed to operate on more than
one voltage

Capacitor motors--Motors which use a start capacitor and/or a run capacitor
in the electrical circuit

Hermetic motor-Motor which is sealed in the hermetic dome with the
compressor

Types of capacitor motors

A

B.

Open drive

Hermetic

Characteristics of capacitor motors

A

B
C.
D
13

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 mctors and capacitor motors ar-. designed differently and the
insertion of a start capacitor in a split-phase motor would cause permanent

damage.)

Start capacitor is in series with start winding
Higher starting torque

More efficient, less amperage draw

Run capacitor is parallel to both windings

CS.I.R (Capacitor Start-induction Run) motors (Transparency 1)

A

B

C

Designed for heavier loads than split-phase motors

A switch must be provided to remove start capacitor from circuit after
starting ’

Available in single or dual voltage

o

CS.R (Capacitor Start-Capacitor Run) motors (Transparency 2)

A

B.

High starting torque

High efficiency, lower amperage draw
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INFORMATION SHEET

C. High power factor
D. Increased capacitance at instant of start
E. Start winding stays in phase with run winding

(NOTE: This enables the start winding to help the load requireme s of
the run winding.)

P.S.C. ‘(Permanent Split Capacitor) motors (Transparepcy 3)
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

(NOTE: The addition of a potential relay and a start capacitor to a P.S.C.
motor s referred to as a hard start kit.)

Wiring diagrams of C.S.I.R., C.S.R., and P.S.C. motors (Transparencies 1, 2, and
3)




C.S.IR. Motor Wiring

G T otart i M §<——— Current Relay ‘
Capacltor o ; -
Main —
Winding | ;
. C L e a
Start
Winding
<———Line Voltage—— "
2
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C.S:R. Motor Wiring

K;\ /Bun Capacitor R

Y2 ]

T ] S

| % Start Capacitor =

2 % | Bleed Resistor S :
R S Main Winding
50— S "
- =

otential Relay » =~
000000000 00TTF0000G000 20 C

Start Winding

<~——Line Voltage—
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P.S.C. Motor Wiring

Run Capacitor
N\,

N Main Winding

Start Winding

~+— Line Voltage-—-
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‘ CAPACITOR MOTORS
UNIT IV

JOB SHEET #1-START A SEIZED HERMEIC COMPRESSOFP MOTOR

(NOTE The success of starting a seized compressor (s very lun:ted and 1t it
does start 1t is very likely that 1t wiil seize again.)

|  Tools and materials
A 120 VAC stuck hermetic compressor
B. Hermetic analyze
C Ruri capacitor
D Rubber maliet
E. Ohmmeter
!l Prncedure for using higher vcltage momentarily
‘ A.  Remove starting components from compressor

1

B. Conrect hermetic analyzer to compgressor {Figure

) ——
FIGURE 1 240V ——ﬂ 7?’5,/_\

Herinetic Analyzer C S

Compressor Viotor

C. Connect analyzer power cord to 240 JAC 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)

£ Bump the compressor w.th the rubber maliet a couple of times
{1l Procedure fnr reversing iotation

. A Connect analyzer power cord to 120 VAC powe supply

437



JOB SHEET #1 ‘

B. Place 4 run capacitor in series with the run winding (Figure 2)

FIGURE 2 120V

Hermetic Analyzer

Zap ..or in Run Winding

(NOTE: This will reverse the direction of rotation of the compressor motor.)
C. Have instructor check
D. Disconnect hermetic analyzer from power supply
E. Disconnect hermetic analyzer from compressor

F. Replace starting components on compressor

G Clean up and put away tools ‘

434
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CAPACITOR MOTORS
UNIT 1V

NAME

I - 1272-C

TEST

Define the terms associated with cipacitor motors.

a. Capacitor motors--

b Gual-voltage ..10tors--

C Hermetic motors--

List two types of capacitor motors
a

b

Discuss the characterstics of caparitor motors.

Discuss CS TR {Capacitor Start Induction Run) motors

439
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. 8. Demonstrate the ability 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 compieted.)

S5
[
prma




Aruitoxt provided by Eic:

a.

b

ARC Il -

CAPACITOR MOTORS
UNIT IV

ANSWERS TO TEST

Capacitor motors--Motors which use a start capacitor and/or a run capacitor
in the electrical circust

Dual-voltage motors--Motors which are designed to operate on more than

one voltage

Hermetic motor--Motor which 1g sealed in the hermetic dome with the
compressor

Open drive

Hermetic

Discussion should include.

Essentially the seme design as a split-phase motor
Start capacitor i1s In series with start winding

Higher starting torque
More efficert, less amperage draw.

Run capacitor is parallel to both windings

Discussion should include.

Designed for heavier loads than split-phase motors

A switch must be provided to remove start capacitor from circuit after
starting B

Available In single or dual voltage

Discussion shouid include*

High starting torque

High efficigncy, iower amperage draw
High power factor

Increased capacitance at instant of start

Start winding stays in ¢ ase with run winding

131-C



6. Discussion should include: .

a.  No rentrifugal switch in open drive mctors .

Low starting torque

jog

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. CS.R.

b P.S.C '
: Ty
-7 i c. CS.ILR. L
> 8. Performance skills evaluated to the satisfaction of the instructor

ERIC | :
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) THREE-PHASE MOTORS
. UNIT V

UNIT OBJECTIVE

After completion of this unit, the student should be,able to match terms, hst 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-phise motors and their
components
3 Distinguish between a symbolic drawing of a delta wound motor and a
. ‘ symbolic drawing of a wye "Y" wound motor
5 Disciiss the synchronous motor
9! Discuss the squirret cage motor

Niscuse the wound-rotor mntor

)

Desc he procedure of reversing the rotatios of a three nhase motor

I

fam
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o -

O
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THREE-PHASE MOTORS
UNIT V

SUGGESTED ACTIVITIES

Instructor

A. Provide stuc.ien: with objective sheet.

B. Provide :tudent with information sheet.

C Make tran.parencies.

D  Discuss unit and specific cbjectives.

E. Discuss information sheet.

F. Cuwasiemble a three-phase motor and place it on a display beard.
G  Have ctudent check the wiring connections on six and nine lead motors
H Give test.

Student

A  Read objective sheet.

B  Studv information sheet.

i C. Taka test.

INSTRUCTIONAL MATERIALS

Includad in this un‘t
A Objective sheet
B Information shect
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

136-C



5 TM 5 -Squirrel-Cage Rotor . ‘

6. TM 6- Wound-Rotor Motor

D Test
E Answers to test
i References.

A Schweitzer, Gerald. Basics of Fractional Horsepower Motors aio Repatr.
Rochelle Park, New Jersey Hayden Book Co., 1960.

B Paraday, W. Harold; Turner, J. Howard; and Colvin, Thomas S. How Electric
Motors Start and Run. Athens, Georgia: American ' Association for
Vocational Instructional Materials, July 1973.
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\ .
THREE-PHASE MOTORS ) %
UNIT V

INFORMATION SHEET

{  Terms and defimtions

A. Synchronous--Constant speed to which an a|ternating'current motor adjusts
itself, depending on the frequency of the power supply and the number
of poles in the motor 4

B Squirrel-cage rotor-Rotor consisting €of 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-retor inductton motor--Similar to the squi¥rel-cage rotor with the
- exception that the windings are insulated rather than shunted and the
current 1s picked up through carbon brushes -

D  Adjustable autotransformer--Ttansformer in which parts of one winding are
common to both the primary and the secondary circuits, and the output
. voltage 1s adjustable from zero to line voltage

(NOTE. A trade name for this 1s a Variac.)
E Brush Piece of carbon or graphite which 1s an internal 5art of a motor

and rides on the commutator or slip rings to provide an electrical connection
19 the rotor

n

. : Variable resistor -hre wound resistor in which the resis.ance mev be
selested tnrcugh a gven range by turning of the contro shaft

1} Major tvpes of three-phase motor;
A Synchronous
B Squirrel-cage rotor
C Woundrotor

[l Electrical characterstics of three-phase motors and their components
A Three-phase supply voltage

B May be dual or sing'e voltage

. 1 Sngle voltage has three motor leads

\‘ 417

A\




o

—

Vi

C.

D.

Delta wound motor and wye "Y" wound motor (Transparencies 2 and 3)

INFORMATION SHEET

2. Dual voltage has six or mine motor leads

- j. \
Rotor :
Stator
1 Three single-phase windings . /
2. Each winding is 120 electrical degrees out of phase with the

adjacent winding

Synchrorious motor (Transparency 4)

A

D

Standard stator
A direct current source of excitation for roter
1 Aounted on rotor shaft
2 Provides the starting torgue
Srnatt, low torgue synchrcnous motors are nope)icmed

tigh povser facior

Sauirrel cage modor {Transparency 3)

INOTE® The squirrel-cage motor derives 1ts name b'y use of he squirrel-cage

rator )

A l‘nductlon start and run

B Speed 15 determined by two conditions
1 Frequency
2 Number of pO,IeS

C

Low to medwm starting torque

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) -

iy

1
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208/220 Volts
|
EE
7 8 (9)
@H—B—®

440 Volts
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Delta Wound Motor

Phase A Phase B

JT1




L

: ’
@ . o

WYE “Y” Wound Motor

(Single Speed)

-—-—_\

N

Phase A
/
—
Phase B
Phase C
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Synchronous Motor

o N\ Stator

%7 3-Phase Winding,

\ Producing A Rotating
\\ Magnetic Field

Magnetic Lock
\

+ D-C Source

Slin Rings
To Exciter

O
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L
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SquirreI¥Cage Rotor

Welded At All Joints

Copper End Ring Bars

4

oY

|
/

4

g

\ Rotor Bar

Laminations Forming Iron Core
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Slip Ring
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o

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

PAFullToxt Provided by ERIC

. a.

. Transformer

THREE-PHASE MOTORS
AUNIT V

' _ NAME

TEST

Piece of carbon or graphite which is an
internal’part of a motor and rides on the
commutator Jr slip rings to provide an
electIical connection to the rotor

Rotor consisting of two discs connected
along their circumference with copper
bars which creates a shunted circuit

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

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 hne voltage

Similar to the squirrel-cage rotor with
the exception that the windings are
insulated rather than shunted and the
current 1s picked up through carbon
brushes

Wire wound resistor in which tne
resistance may be selected through a
given range by turning of the control
shaft

400
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Match the terms on the right to the correct definitions.
1.

2.

Brush

Squirrel-cage
rotor

Synchronous

Variable
resistor

Adjustable
autotransformer

Wound-rotor
induction motor




3. Discuss the electrical characteristics of three-phase motors and their components

4 Distinguish between a symbolic drawing of a delta woungi motor and a symbolic
drawing of a wye "Y" wound motor by placing an "X" under the drawing

of a delta wound motor

; ///—/// ) "'\\ ) // B .
- pd
1% \\
[0 SuN——
A Phase A ) \

Phase A \
O ey \
\ Phase B

O \ |
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: . . 5. . Discuss the synchronous motor.
i
T .
i -
’ : 7 \
//
| | /
- Lt g
i 6. Discuss the squirrei cage motor. . . . ) /
; - ;
’ / »
. .
7 Discuss the wound-rotor mator.
—
«
1Y
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&

THREE PHASE MOTOR
UNIT V

ANSWERS TO TEST

1 a 1 d b5
b. 2 e. 6
¢c. 3 f. 4
2. a.  Synchrunous

b. Syguirrel-cage rotor
c Wound-rotor
3. Discussiont should mclude:
a. Three-phase supply wvoltage

b. May be dual or single voitage

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 s 120 electrical degrees out of phase with the

adjacent windirq

4 b
5 Discussion shoult include.
. d Standard stator

b A direct current source of excitation fcr rotor
1) Mounted on rotor shaft
2) Provides the starting torgue

a Small, low torque synchronous motors are nonexcited

Q . d  High power factor

L
<
-




6. Discussion should include

a Induction start and run

b  Speed 1s determined hy two conditions
1} Frequency
2) Number of pules

¢. Low to medwum starting torque

7 Discussion should include

a Slip rning brushes

b Motor control
1) Vanable resistor
2) Autotransformer

¢ Variable chatacteristics
1) Starting torque
2} Current
3) Operating speed
4) Acceleration

¢ Used muostly on heavy equipment which requires

1) High starting torque
2} Smooth acceleration
31 Variible speeds
8 Description should ncla .. The :otation of any thiee phase may be reversed

by switching any a0 of the hre voltage leads

eRSe 455
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WIRING DIAGRAMS

‘ UNIT |

UNIT OBJECTIVE

.

After completon of thus umit, the student should be able to match terms to thelr
defimtions, match symbois to component names, and distinguish between pictorial and
schematic wiring diagrams  The student should also be able to draw pictorial and schematic
wiring diegrams  This knowledqe will he ovidenced through demonstration and hy scoring
eighty five percent on the umt test

SPECIFIC OBJECTIVES

After completion of this © .1, the student should be able to

1 Match terms assoctated with wiring chagrams to the ccrrect definitions

ro

Identf, winng diagrame

3 List seven charactenistics of a pictorial wiring diagram

. 4 List five charactenstics of a cchematic wiring diagram
5 List the four major steps an budding a ladder schematic
- 6 Discu  *he schentic lenend

7 Match schematic symbols to component names

0

Lemonstrate the atwhity to

a Draw o basic schematic wining diagram
b Draw current relay wiring dhag ams
‘ Drave potential relay wiring diaqrams of g self contaimed unit

o] Dravy hotwire relay wiring diagrams i

i Dray qas Tanoce wirmg diagrams
' Drave outdoor «ondensieq unt winng diagrams

1 Dravy gas surace wirng diagrany, witic two bt seatches

h Oraw electne funmaee wirmeag dragrams

ERIC v ’

Aruitoxt provided by Eic:
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Oraw
Draw
Dravy

praw

Draw

mndoor an handler avj(i nutdoor condensing unit wiring diagrara.
a domestuc refrigerator winng diagram

a ladder schematic by looking at a domesue refrigerator.

a ladder schematic by looking at a window air conditioner.

a ladder schematic by ifooking at a system with low voltage

control circint
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WIRING DIAGRAMS
UNIT |

SUGGESTED ACTIVITIES,

Instructor:
A. Provide student with objective sheet.

B. Provide student with information, assignment, end job sheets.
&

C. Make transparencies.
13
D. Discuss unit and specific objectives.
£. Discuss information and assignment sheets.

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

G. Obtai~ wiring diagrams from different equipment manufacturers 10 show
students.

4. Have students make wiring diagrams for all of the equipment in the shop.

. Make games for ..ching the principles of wiring diagrams such as: bingo,
crossword puz- .», scrambled words, concentration, and flash cards.

J. ' Make additional assignment anc job sheets.

K. Give test.

Student:

s. Read cobjective shéer.

B Study miormation sheet

C. Complete assignment anc job sheets

U Practice making and reading wiring d|agrfms

E.  Rechack all winng on paper o2forc meé any actua' wiring

F. Take test.




INSTRUCTIONAL MATERIALS \“\,

i. Included in this unit:

A. Objective sheet

<
o

1.
2.
i 3.

4.

1.
2.

10.

-doh

B. Information sheet

C. Transparency masters

TM 1--Pictorial Wiring Diagram
TM 2--Ladder Schematic Wiring Diagram
TM 3-Symbols

TM 4-Symbols (Continued)

D. Assignment sheets

Assigrirent Sheet #1--Draw a Basic Schematic Wiring Diagram

Assignment Sheet #2--Draw Current Refay Wiring Diagrams

- Assignment Sheet #3--Draw Potential Relay Wiring Diagrams ot

a Self-Contained Unit

Assignment Sheet #4--Draw Hot-Wire Relay Wiring Dia‘grams

Assignment Sheet #5--Draw Gas Furnace Wiring Diagrams

A.ignment Sheet #€--Draw Outdoor Condensing Unit Wiring
Diagrams

Assignment Sheet #7--Draw Gas Furnace Wiring Diagrams with
Two Limit Switches

Assignment Shec. #8--Draw Electric Furnace Wiring Diagrams

Assignment Sheet #9--Draw Indoor Air Han. 2r and Outdcor
Condensing Unit Wiring Diagram

_Assignment Gheet #10--Draw a Domestic Refrigerator Wiring

Diagram

E.  Answers 0 assignment sneets

F. Job sheets : <

Job Sheet #1-Dras a Ladder Schematic by iLooking at a
vomestic Retrigerator

-~

Sheet #2-Draw a Ladder Schematic by Looking at a Window
ir Conditionet

Job Gheet #73 Draye o Ladder Schernatic by Lookiy ol Systen
witn Low Volrage Control Circuit .

o 46
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G. Test
H. Answers to ‘est
References:

A. Russeill, Allen S. Schematic Wiring Made Easy. Marshalltown, lowa: Allen
Russell Associates, 1973.

B. Lengley, B. C. Electric Controls for Refrigeration 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 |

INFORMATION SHEET

Terms and definitions

A Wirihg d agram--Drawing of electrical circutits

B  Pictorial- Wiring diagram which shows either pictures or representative
drewinas of each ccmponent, components are pcsiticned as they would
appear \n 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
hne 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

Wiring diagrams
A Pictonal {Transparency 1)
B. Ladder schematic {Transparency 2)
Characteristics of pictoriat wiring diagrams
A. System components
1. Representative drawings
2 Detaited reproduc 1ons
B Shows compenents n their approxmatedocation
C Provides a gooa guide for field wiring
D. Circuits are difficuit to trace
E  Line voltage and low voltage circuits are shown together
Characteristics of ladder schematic wiring diagrams
A Systern components ore shown by symbole

t . Schematic wiring diagrams build a ladder

(. Ladder rungs are individual c.rcuits

- 7D
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INFORMATION SHEFT
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. INFORMATION SHEET

D Connect all circuits across the line (Yé'lgure 4)

L1} iG'- L2
! .

FIGURE 4 T
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VI. Schematic legend
. A. ldentifies schematic compcnents

B. Distinguishes differences in manufacturer's symbols

. C Auds in locating components
Vil. Schematic symbols (Transparency 3)
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, NFORMATION SHEET .
X. Temperature switcn '\?‘ ‘/(‘
* Close On * Open On '
Temperature Temperature ‘
Rise Rise

Y. Permanent split capacitor motor

7

Z Single-phase moto

AA, Three-phase motor

[




Compressor Overload

Pictorial Winng Diagram

Power Cord Switch .
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Cond. & Evap.Fan Motor
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Ladder Schematic Wiring Diagram

L Neutral “ L,
< 220 VAC——— —
Med. Fan Motor
f? Lo 4+ —e
Hi
Fan Capacitor
' 2 Switch P
Thermostat
. )
Bimetal — 4
Overload i o y )

PSC Compressor

473




' SYI;Ib0|S

Capacitor i %

Coils —I\ N
o — YO0 —

Contacts —{ b— —N—

Open Closed

Conductors | %

Crossing Junction

Fuse — N\ —
m

Fusible Link

L2

Ground

| 1
Connection e
Light @
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Resistor — A AA—

JAAN

Multiple T\
Conductor T
Cable J

Thermocouple U

Transformer ()
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Thermal

Overload O X /‘0—
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Connectors

—> >
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Switch > '
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—— 00— _
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WIRING DIAGRAMS
UNIT |

(
ASSIGNMENT SHEET #1-DRAW A BASIC SCHEMATIC WIRING DIAGRAM—

-

In the space provided below draw a schematic wiring diagram with the following-
compondnts: 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.
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WIRING DIAGRAMS ] ;
SUNIT T o
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’

-

ASSIGNMENT SHEET #2-DRAW CURRENT RELAY WIRING DIAGRAMS

Follc;w the procedure listed to complete the piétorial wiring diagram below.

1.

& - -

Connect thermostat in series with "L" on relay in the hot leg of the power
supply. .

-
s -

Connect start capacitor in series between "S" on relay and "S" on compresso”
motor.

Connect overload in series between "C" on compressor motor and neutral leg
of the power supply.

”

/ “
7 P
Bimetal Overload Current-Type Cold Control

Starting Relay (thermostat)

@




/SSIGNMENT SHEET #2 = - .~ ‘ .

N ) \

4, In the space provided below drav' a ladder schematic of the pictorial wiring
diagram.

5. Identify all components.
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WIRING -DIAGRAMS
UNIT |

P

ASSIGNM:NT SHEET #3- DRAW PO'DENTIAL RELAY WIRING DIAGRAMS

OF A SELF. CONJ'AINED UNIT

Follow the procedure listed to complete thes pictorial wiring diagram l:.oelow.

1.

N

1.

o o A& W N

Connect

(NOTE: Contactor coil.is 120 VAC which requires using ohe leg of the. o

4 r J
thermeostat in series with contactor coil and a fuse.

VAC (Lg) and neutral.)

{:qnnect
Connect
Connect

Connect

- Connect

Connect
Connect
Connect
Connect

Connect

{CAUTION: All ~vitches are to be in the hot leg.)

power L{ and L9 to coniacto‘r L1 and Lo with fuses in series.

”~

Tq1 to #3 on overload. : :

#1 on overload to "C" on compressor motor.
relay #5 to "C" on compressor motor.

relay #2 to "S" on compressor motor.

relay #1' to one side of start capacitor.

other side of start capacitor to T°2'.

T to "'R" on compressor motor.

ryn capacitor identified terminal to "R"

on compressor motor.
L}

other side of run capacitor ‘to "S" on compressor motor.

L3

25-D

~
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. - ) ASSIGNMENT SHEET #3 k S L . '
: ' . - To Power Supply ~ .

‘ . = . L, N L,

R | o

- . T . . ,
f . % R \ 6 __= _._6" N 4 o ‘.
5 .. " ' . “ / / Grounding Lug = .

] - - Disconnecs. Switch C

. : .o ) ¢ .
’ . - ‘ . 3
( . , . i . ‘ ' ~ v,o-
* Fuse [l / w, it - s

-

| .. uI in' ) . . e

| . . T.T A,ﬁo VAC Coit
v, ] 10 T2

o - ‘Contactor - ' ]
3 - . .
s
1' - ‘ 5 R ? - -?- 2 - oo
3 1 ) ’ 1 , \T
. - Overload ' Starting Relay Cold Contrpl ]

(Potential} (Thermostat)

» ‘ ‘ 3
v . @, tRunning Capacitor @ . .
pa ‘

Starting Capacitor™ -

/
Identified - L+ e
Terminal .

N

¥

Compressor Motor I
. ' . 230 VAC { L
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. : .~ ASSIGNMENT SHEET #3

: - ’ a Y . ) s CN

L 12, In the space provided_draw a ladder schematic of ‘he pictorial wiring diégrarr.. '

: : ’

E 13. , Idengjfy ali components.
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ASSIGNMENT SHEET #4-DRAW HOT-WIRE RELAY WIRING DIAGRAMS

’ A
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 )
] X supply. ’ .
2. Conntct "S" on relay to "S" oﬁ compressor motor.
‘-‘*' . 3 Connect "M" on relay to “R" on compressor motor. )
. 4. Connect "C" on compressor motor to neutral. ‘ .
5. Cor;nec'; one sid~ 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

| SN
3 1

E | @
. a D I. h §
' Sy

7 Door ~
3 Light
<. . Thermostat
. - " . r'

- R L M .,
o - A 7
. . . , :

Compressor Motor
Hot Wire .

Starting Relay h




ASSIGNMEI’\iT SHE‘E,ET #4

N

8. In the space provided below draw a ladder schematic of the pictorial wiring
diagram.
-

9. Identify all components.
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WIRING DIAGRAMS S
. . UNIT |

ASSIGNMENT SHEET #5-DRAW GAS FURNACE WIRING DIAGRAMS

Foliow 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 traz'nsformcr to neutral.
. 3. \Connect one si@e of fan controi to hot leg of power supply.
4, * 'Cc'mnect bther side of fan control te c:ne side *of fan motor.
5. Connect other side of fan motor to neutral.
6. Connect the limit control, thermostat, pilot safety device, and main gas valve

in a series circuit with the secondary of the transformer.

To Power Supply

T

0 = Secondary
- >
& =
. Primary .

115V

2
T

Fan “Control
% Limit Control 115V Indoor Fan Motor
"- ' | Thermostat
Mai Valve, 24V
. Pilot Safety Device ain Gas Valve

491



ASSIGNMENT SHEET #5

7. In the spa.. provided draw a ladder schematic of the pictorial wiring diagram.

8. Identify all components.

.
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. WIRING DIAGRAMS
UNIT |
E ASSIGNMENT SHEET #6-DRAW OUTDOOR CONDENSING UNIT WIRING DIAGRAMS
Follow the proéedure 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 l.q4 to L{ on contector.
3. Connect fused L2 to L3 on contactor.
4, Connect T4 o comr on on run capacitor. ‘
5. Connect\T3 to "C" on fan motor and "C" on compressor motor.
6. “onnect common on run capacitor to "R" 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 termina' on the run capacitor to "S" on fan motor.
| ] r
. Cornpressor . ‘
Run Q: i ' l____‘
Capacitor Compressor
Cioil —‘
Fan
L3 T3]
) o O LoL2
L 2 | Contactor Line Voltage
i Y
yC
—0 ' :~
e - T/=== :
_________ J

Low Voltage Supply

493




10.

ASSIGNMENT SHEET #6 ) - .

fn the space provided draw a ladder schematic of the pictorial wiring diagram.

{dentify all components.
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WIRING DIAGRAMS
UNIT |
ASSIGNMENT SHEET #7-DRAW GAS FURNACE WIRING DIAGRAMS
WITH TWQ LIMIT SW TCHES -
Follow the procedure listed to complete the pic.orial wiring diagram on the following
page.
1. Connect one lead of the transformer pr'imary in series with the upper limit control
and the hot leg of the power supply.
2. Connect the gther‘lead 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 blower relay coil.
8. Connect #5 of relay coil to "C" on transformer secondary.
9. Connect #2 of relay to hot leg of power supply.
t 10. Connect #6 of relay tp 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 reléy to "Hi" on blower motor.
13. Connect "C" on blower motor to neutral.




ASSIGNMENT SHEET #7 S ' . '

© -

1 d

Thermostat

Disconnect Fan & Limit .
| O N

’ Blower Relay

——

Upper Limit

ot

yas

Transformer N " .
Secoadary * L_“_—_‘_‘_._ar:f@’

sl 2411118

e

Gas Valve

Blower Motor
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ASSIGNMENT SHEET #7 g

153

In the space provided draw a ladder schematic of the pictorial wiring diagram.

ldentify all components.
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WIRING DIAGRAMS
UNIT |

ASSIGNMENT SHEET #8-DRAW ELECTRIC FURNACE WIRING DIAGRAMS

Follow the procedure listed to compiete the pictorial wiring diagram on the following
page.
’ - ' 1. Connect Lq of circuit 1 to one side of fuse 1.
2. Connect other side of fuse -1 to #2 of blower relay.
¢ 3. Connect #6 of blower relay to one side of the supplementary fan control.
5 4 Connect other- side of sugplementaw fan control tcl) "L" on blowar- motor.
) 5. * Connect #4 of blower relay to "H" of blower motor.
6 Connect "C" of blower motor to fuse 2.
a 7. Connect fuse 2 to Lo of circuit 1. ’
8. Connect fuse 2 to RH1 of sequencer.
. 9. Connect RH1 of sequencer to RH1 of heating element.
- . 10. Connect ;)ther side of RH1 heating element to fuse 1.
1. Connect fuse 3 to Lq 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 Lo of circuit 2.
\\\‘ 16. Connect fuse 4 tu 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.
\\\19. Connect L1 and L2 of transformer to fuses 1 and 2.
A '20:\ Conneet "C" on transformer to "C" on terminal board.
. 21. \ Gonnect "R" on transformer to "R" on terminal board. '




22.
23.
24.
25.
26.
27.
28.
29.

ASSIGNMENT SHEET #8

Connect all corresponding letters between thermostat and terminal board.

Connect W1 on terminal board to one side of Heater 1 of sequencer.
Connect other side of Heater 1 to "C" on terminal board.

Connect W2 on terminal board to one side of Heater 2 on sequencer.

Connect. other side of s_equeni:er Heater 2 to one side of outdoor thermostat.

Connect other side of outdoor thermostat to "C" on terminal board.
Connect “G" on terminal board to #5 on blower relay.

Connect #3 on blower relay to "C" on terminal board.

’ ¢
[ Thermostat
R Wi w2 G
o] O 0 fo)
Outdoor
Thermostat
. .
- Terminal Board
rAux. Cont.
—|—eo R YO Ch @R
P e 2 ec Wwe Transformer
RH2 oew C@® L1 L2
RH1 ]
Heater 1 ‘
Sequencer Circuit 1
o Tle e——1 .Ut
o—N\ PY o Z Jo o— L2
3 5 . ’
Fuses Ground
4@——| :
.'{._3__}‘ o - L1
° ? o1 jeo o— .-L2

Blower Relay Circuit 2

Heating Elements .\T.
[ ] [ ] [

Supp Fan
Control

RH1 RH?2 AH3

Blower Motor

Al
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ASSIGNMENT SHEET #8

Thermostat A
R vg w2 G
. .0 0 (o)
Outdoor s
Thermostat o

Terminal Board

Aux. Cont.

o—i—o | L LI

Heater 2 . — |
oG W20 Transformer .

RH2 ew CO L1 L2

Heater 1
Sequencer

Circuit 1
o }Je —1{—»\

o2} *—f—>-12 . |
o—\ —2|
3 @@und ’

I’——{;:I - , -
) > 0'[:.3:]" g L 1 -
6 2

o 2 le &—1—>1L2

Blower Relay , Circuit 2
Heating Elements O\TO
° ° ° ' v,
) Supp Fan |
Control g
RH1 RH2 RH3 |
|
. IS j
Blower Motor j
° | o ®
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30.
31

ASSIGNMENT SHEET #8

in the space provided draw a ladder schematic of the pictorial wiring diagram.

‘tdentify all components.
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WIRING DIAGRAMS
UNIT |

-

ASSIGNMENT SHEET #9-DRAW INDOOR AIR HANDLER. AND gUT’?OOR

CONDENSING UNIT WIRING DIAGRAM

]

Follow the procedure listed to complete the pictorial wiring diagrain on the following

¢

Connect L1 and Lj to fuses.

Route power leads from fuses through the cable entrance opening in outdoor
condensing unit.

Connect leads to Ly and Lo of conta&tor. -
Connect primary side of transformer. to Ly and Lo on contactor.
annect T to one side of compressor motor -overload ;\eater.
Connect other side of overload heater to "R" on compre_ssou: rﬁptor.
Connect Tq to "C" on compressor motor.
Connect ane side of outdoor fan motor to T1.\

Connect other side of fan motor to Ty~

- 43D

Connect one side of start capacitor to #1 on potential relay. — 1

AN . [

Connect other side of start capacitor l\Tz.
Connect #2 of potential relay to. "S" on*compressor motor.

Connect identified terminal of Jun 'capacitou: to "R" on compressor motor.
Connect other side of run capacitor to "S" on compressor, motor.
Connect #5 of poteqtial- relay to "c" on compressor motor.

Connect all corresponding ‘Ietters bétween thermostat and te:rrpinal b]ock..
Connect one side of the transformer secondary to "R" on terminal block.

Connect other side of the transformer secondary to "C" on terminal block.

Connect "Y" on terminal block to contactor coil, and place overload,

high-pressure, low-pressure contacts in series with contactor coil.

. » . ’ (13 - . - /
Connect other side of contactor coil to '"'C'" on terminal block.

«

{

~
»




, . ASSIGNMENT SHEET #9

Connect "G" on terminal block to one side of fan relay coil.

P

Connect cther side of fan relay coil to "C" on terminal block.

i)

Connect*¥me side of fan relay contacts th hotudeg- pf"pox'/ver supply.

Conngct other side of fan relay contacts to one side of indoor fan motor.

] . . A
Connect other side of indoor fan motor to neutral.
. ¢

<

-3,

Vs
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ASSIGNMENT SHEET #9

To Power Supply To Power Supply

1 ' t H’fnoVAcfl\!

240V AC 6 ‘

= 17

Disconnect Switch

Fan Relay
' - 24v Coil

E;] Fuses m ' T

Terminal Block

Indoo[ Air Handler
Cable Entrance —

N
N . 2
. v ) %talrtmg :
elay

v . 1 (Potential) |
” |
* |
|

» Primary Secondary -

. .
U? L2_1- } ' ..,. Compressor
.. ,

S Overload
- g‘ T Starting
Ti0 T2

Capacitor i °

, . ,
- ' .
Contactor R % T .

(8]

230V

v 0 230V
Low-Pr & i g‘ompressor
ow-Pressure , omp
Control - g(‘)gnhtrxo! ssure
230V OQutdoor

&l Fan MO‘OF i‘

Outdoor Condensing Unit . 1

. . 504 '




ASSIGNMENT SHEET #9
26. In the space provided draw a ladder schematic of the pictonal wiring diagram.
27. Identify all components.
[
¥
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WIRING DIAGRAMS
UNIT |

ASSIGNMENT SHEET #10-DRAW A DOMESTIC REFRIGERATOR

WIRING DIAGRAM

Use the pictorial wiring diagram of domestic refrigerator and draw a ladder schematic

wiring diagram.

P T~ .
q — - T~ -
P ~ e -
- ~ -~
P 7 —- -~
P - R A
s . o
| S o
1 — e l
! S - 7 [
S e i
] . ]
I , Humid l ]
| Plata {
! eater |
! , / |
| b
| £ ' .0 2b; :
ignt
| & =~ | |
| | ]
’ | ! ™ |
. J | | |
I ! ! |
. . i b ; |
| Temperature ! '| .k
| Control ! | N g
| | L AR
1 2l !
: | iighe 1 1£] /1
tch |
| ” IL i Switc / |
| TS | /:/
I . >~ ~ { d I I
: ,7 Compressor ~<_ | d :
M
| - Motor i LD . Jl
| l
]
: A 4
|" sy’  Olack
! ———
| E/ ‘ /
| Ground /
o

|
-
i

Line
Cord

g
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ANSWERS TO 'ASSIGNMENT SHEETS
Assignment Sheet #1
L
Hot Ground , Neutral
-¢ 120 VAC
Fuse _=L._
#__/. : 4@ —e
. SPST /-
Switch Light Bulb
' Light Bulb
==
+— b (N
I
¢ i H o)
L__ _J U 7
Control Relay Light Bulb
Contacts
P—_—/F —.—/\/—0———-?
| SPST
| i Control
Switch Relay Coil )
o0%
Jod




Aslgnmem Sheet #2

I'

5 N T

Bimetal Overload Current- T% Cold Control
Starting Relay {thermostat)

Starting Capccitor

Compressor Motor

1

Thermostat

Compressor
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Assignment Sheét #3

-
To Power Supply .

L, N L : .
b

?

8, =] 6

c/ ..... Grounding Lug
£ :

T L
o

T 120 VAC Caoil
2

T ) 4 1
Comtctou )

ACR il - 61-D

A2

Overload : Cold Control
tart Rel
(SPg';eIRgal) elay (Thermostat)
®
4‘_’_ Running
/.
Identified
Terminal

Compressor Motor
-230 VAC

>
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Assignment Sheet #3 (continued)

Neutral

A

——— — — —— — ——— ———

Contactor 5 Fuse

Coil  Thermostat

—— e — e —

G

e o - = -

Potential Relay

Run

Capacitor

Start
Capacitor

R Overload

PSC Compressor

Motor
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- . 2 Assignment Sheet #4

&
Doorlight
Switch o

Door
Light

E

Thermostat

2

Compgessor Motor

Hot Wire
Starting Relay

H Gr.

] 7 Fuse J

o— I . @ <

: Door Light Switch Door Light .

-2

Hot-Wire

L Relay
Thermostat "
t :
. Compressor |
S Motor < ;
|
|




Assignment Sheet #5

To Power Suppiy

Secondary

>
S 3

N
7

Primary

\1/7

2
T

i

N

Limit Control

Thermostat

v

I
T

Main Gas Valve, 24V .

Pilot Safety Device

Fan Control |

115V Indoor Fan Motor

H Gr. N
Fuse =i
% Q
Fan Motor
Fan Control
| Primary .
Transformer
Secondary

Limit
Control
N

F———o—A—o-

5 5 Pilot Safety Gas

Thermostat Valve
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Assignment Sheet #6

ACR II - 85-D

Cormpressor ¢
5 &
Run Ye
Capacitorf — 1 Compressor
Coil L-’ B
I‘-3 ,,_E Fan L ¢
S R
I L L2
L o Fan Motor
L?- T1j Contactor Line Voltage
T \ | |
]
: mmmeed
I _"-_:1::: Y ———d________ J
Low Voltage Supply
L2 L1
240 VAC
Fuse Fuse
_i‘-3 Fan Motor L1
T73
R
v C
s
Y Compressor Motor C
b — e 24 VAC — P
— o—\—o
Contactor Coil
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i
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Assignment Sheet #7
Thermostat

* =
.0
@<

Upper Limit
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" Assignment Sheet‘#8
r
Thermostat
R w1 w2 G .
i o
Qutdoor ? ?
Thermostat
]
Terminal Board |
Aux. Cont. —\ |
H o] e ve| TTchde |
Heater 2 [@c w2é- Transformer |
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e -t i
H l’—"'___\a i
]
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Assignment Sheet #8 (Continued)
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: ' o Assignment Sheet #8 : : ]
3 ) |
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1 -.Assignm'ent Sheet #9 (Continued)
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IL‘ . Disconnecy Swjtch

240 VAC——"

Fuce

>

Secondary
Fan Relay Coii

[TR Contactor Col
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Thermostat

H ‘ Ni
120 VAC ———
~
Fuse '
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F.R.C.

.M.

LEGEND

F.R.C.--Fan Relay Contacts
H.P. -High Pressure Switch
I,F.M.- Indoor Fan Motor

L P.--Low Pressure Switch
O.F.M.- Qutdoor Fan Motor
0O.L.--Overload

R.C.--Run Capacitor
S.C.--Start C pacitor
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“‘ . Assignment Sheet #10
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;.' ‘ WIRING -DIAGRAMS

UNIT |

JOB SHEET #1 DRAW A LADDER SCHEMATIC BY LOOKING AT A

¢ * DCMESTIC REFRIGERATOR
& | Tools and matenals
.. A Domestic refngerator‘ ’
’ - B  Standard slot type screwdriver
N '\.; . C) Phillips screwdriver °
D. 1/4" nut driver
E  Pencil and paper ‘

Il Procedure

A Disconnect electrical power *o refrigerator
~

- ‘ ,
NI . (NOTE: Anytme the electrical power i1s disconnected from a refrigerator
that has been operating the doors should be left open tn prevent the
.forn;atnon of mildew and offensive odors.)

- . e} ’ ./‘h ’
. B. Checx b..k 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 :n series with each load

G  Locate mullion and perimeter heater circuits

(NOTE These heaters are on anytime there s electrical power to the
refrigerator, so there will not be a control In series with these loads.)

H  Start a ladder schematc

| Draw each mndividual circuit
J Lahel ah components

K Have instructor check

L Replace any panels ot gridles that were removed

. M Clean up and put away tools

- 63-D
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)
I
' . WIRING DIAGRAMS
. UNIT |
JOB SHEET #2 DRAW A LADDER SCHEMATIC BY LOOKING
AT A WINDOW AIR CONDITIONER
I  Tools and mnaterials
A  Window air conditioner
' B  Standard slot type screwdriver
C Phillips screwdriver
° D 1/4" nut driver
E 5/16" nut driver
F. Pencil agd pape:
Il. Procedure
A. Discornect electrical power to the an conditioner '
. B. Remove air conditioner from cabinet

C. Remove any panels necessary to locate electrical components
D Record mar.e and model nu:nwer

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

| Draw the compressor cirCuit

J. Check for any other load circuits

K. Labe' au comgaonents

L. Have 'nstru:tor check

M. Replace any panels that we-e rer .ed

N  Replace an conditioner m 1*s catinet

' Q. Clean up and put away tools

) |
£o
Pk




WIRING DIAGRAMS
UNIT |

JOB SHEET #3--DRAW A LADDER SCHEMATIC BY LOOKING

AT A SYSTEM WITH LOW VOLTAGE CONTROL

Tools and matenals

A. Heating or cooling system with 24 VAC control
B. Jtandard slot type screwdriver

C. Phitlips screwdriver

D 1/4" nut driver

E. 5/16" nut drier

F. Pencil and paper

Pracedure

A Disconnect electrical power to system

B Remove any panels necessary to locate electrical components
C. Record make and model number

D  Locate iine voltage loads

E Locate low voltage loads

F. Start a ladder cicuit

G  Show proper fusing

H iIndicate 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

027
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WIRING DIAGRAMS
UNIT |

NAME /

TEST

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 diagrcm 3. Wiring
diagram
_.__C. Wiring diagram which shows either
pictures or representative drawings of 4, Ladder
each component; components are schematic
positionerd as they would appear in the
equipment 5. Legend
d. Drawing of electrical circuits
i 2. Drawing which represents a narticular
component in a wiring diagram
ldentify the wiring diagrams below.
0 Neutral L
o220 VAC— e
S0 e Fan Motor
i Lo i
H T
. Fan Capacitor
! Swnch
Thermeostat

i
- Bimetal e d
 Overload

PSC Compresso,




3 ° 70D

T Compressor Overload

b. Mtr. Cap.

List seven characteristics of a pictorial wiring diagram.

w

2)

4, List five characteristics of a ladder schematic wiring diagram.




List the four n:\ajor steps In building a ladder schematic.

a. ’

b.

c.

d. '
6. Discuss the schematic legend.

7

7. Match terms to the correct basic electrical symbols.

a. Single pole single throw (SPST) 1. }

b. Ground connection

» D
c. Capacitor T

d. Push button (normally open) " 3. '/:/—/---
e. Switches disconnect 4 v

w

f. Permanent split capacitor motor 5 1‘\ I

Light

;
_+_

. Contacts
Coils .

Bimetal switch

. Temperature switch ;

I. Double pole double throw (DPDT) '@‘

0. —
m. Push button {normally closed) —_—
n. Thermal overload

0. Fusible link

Ix‘ L - -




\

. Resistor or resistance heéater

. Single-phase motor

e M..LM,..W_L.___‘

. Single pole double throw (SPDT)

. Thermocouple
. Thermistor
. Three-phase motor
. Connectors .
. Pressure switches
. Transformer
. Multiple conductor cable
. Conductors

aa. Fuse

—




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.

i
o

Draw hot-wire relay wiring diagrams. '

e. Draw gas furnace wiring diagrams.

f.  Draw outdoor condensing unit wiring diagrams.

Draw gas furnace wiring dJiagrams with two limit switches.

h. Draw electric furnace wiring diagrams.

.
-
@

i Draw indoor air handler and outdoor condensing unit -wiring diagram.

j Drz v a domestic refrigerator wiring diagram.

R R 2

k. Draw a ladder schematic by looking at a domestic refrigerator.

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

RESIR Lt

. m. Draw a ladder schematuc 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.)

e

o -

Q .

ERIC

Aruitoxt provided by Eic:




WIRING DIAGRAMS
UNIT |

ANSWERS TO TEST

5
2 .
Ladder schematic
Pictorial
-System components
1) Represgntative drawings
2) Detailed reéro'ductions
Shows coriwponents in their approximate iocation .
Provides a good guide for field wiring
Circuits are difficult to trace
Line voltage and low voltage circuits are shown together
System components are shown by symbols
Schematic wiring diagrams t;uild a ladder
Ladder rungs are individual circuits
Line voltage and low voitage are separated
Circuit troubleshooting is easy
Establish power source
Identify loads

Identify control switches for each circuit

,Connect all circuits across the line

‘..’

92!

ACR Il -75-D




Discussion should include:

i

g.

identifies schematic components

Distinguishes differences in manufacturer's symbols

Aids in locating components

16
18
12
13
.3»
27

17

h.

25

-7

10

16

20

26

19

u.

5

24
o
1
.8.:@”’
4

aa.

Performance skills -evaluated to the satisfaction<of the instructor

i
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DOMESTIC REFRIGERATION FUNDAMENTALS
*UNIT |

UNIT OBJECTIVE

B

After completion of this unit, the student should be able to match terms assoeiated 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 transportifég the refrigerator upright, and ‘the six most common
refrigerator problems.- This knowledgé will be evidenced through demonstration and by
scoring eighty-five percent on the unit test.

;.'_\ SPECIFIC OBJECTIVESS "

i v

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

-

1. 'Match }er;ﬁs’ 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 three.common locatiohs of refrlger_ator data'plates.' '

6. List two\ major reasons ‘why a refrigerator shoulcj.lbe trahsported upright.

7. List the six most common domestic refnger’ato.r, problems.

8. Demonstrate the abilitfto: )
a. "lnstaH a refrigerator. . ) " g ' S

4 b. Remove and replace breaker trim.

c¢. Adjust a door.

C1E
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DOMESTIC REFRIGERATION FUNDAMENTALS
| UNIT I -

SUGGESTED ACTIVITIES

Instructor-. ,
A Provide student w;t}m\ob;c\,tlve sheet.
B. Prowide student with information and joh sheets.
C. Make transparencies.
D. Discuss unit and spec‘mc\objectives. .
E. Discuss information sheet. :
F. Demonstrate and discuss the procedures outlined in the jcb sheéets. .
G. Have 'students disassemble andareassemb|e a'r refrigerator.
H. Ge test. !
Student i

/ 4
A. Read objective sheet.
B. Study mf‘orrnation sheet. «
C Complete job sheets.
D. Practice ‘removmg and replacing breaker trim.
E. Take tést. x

P K .

s INSTRUCTIONAL MATERIALS

Included mn this unig

A

&

(W)

t

Ohbjective sheet
Information sheet

Transparency masters X

~

1. TM 1- Domestic - Refrigeration

2. TM 2 Cahwnet Hardware and Tnim

$

)
L9




D.

Job sheets

1 Job Sheet #1 Instull 4 Refrigerator
k 2. Job Sheet #2 Remove and Replace Breaker Trim
‘ 3. 7 Job Sheet #3--Adjuct a Door
E.  Test

F. A < to test

M References
A Althouse, Andrew D, Turnquwst, Carl H., and Bracciano, Alfred F. Modern
» Retrigeration aridd Aar Condrtronrng Homewood, 1Hhinois® Goodheart-Willcox

Company, Inc.. 1975.

B Refrigeration, Pare 11 Benton Harbor, Michigan Whirtpool Corp., 1974.

(e
W
o

O

ERIC ~

Aruitoxt provided by Eic:
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DOVESTIC REFRIGERATION FUNDAMENTALS
UNIT |

INFORMATION SHEET

“/

Terms and defimitions

A

Domestic refrigeration -Refrigerated apphance whieh 1s used within the
hhome

Breaker stnp--Plastic tnim that covers the space betweeti the cabinet and
the hner of the refrigerator

Mullion--Divider between two 1efrigerated sec.ions
_aifle- Plate or vane to control or direct the arr within a confined area
Damper Valve for controtling air flow

Gasket--Resilient or flexible material used around refrigerator decors to
provide a leak-proof seal

Urethane foam -Insutation which i1s foamed in between the inner and outer
walis of the refrigerator

INOTE Other types of nsulatio are also used In refrigerators.)

Data plate-Tag on the refrigeratcr which .ves the vital electrical and
refrigerant charne information :

Crisper--Compa .ment i a refrigerator which provides high humidity and
cool temperature for keeping fresh leafy vegedables cool and crisp

Lomestic refrigeration (Transparency 1)

A.

B.

C.

D

Refrigerator:
Sice-hy-side refrigerator-fieezers
Chest freezers

Upright freezers

Cabinet hardware and tnim (Transparency 2)

A.

Door handie
Dovar gasket

Door hner

(W]
Lo
)

- 5-E
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INFORMATION SHEET

Butter keeper
Breaker strip
Mulllov1 strip
{mner hner

Toe plate
Outer liner

Crnisper

Data plate information

A

B.

Brana name

Mode! number

Senial nur .ber

Voltage

Fuli lcad amperag.

(NOTE" Sorne models of refrigerators do not give the running amperage.)
Locked rotor amperage

Type of refrigerant

Amount of refrigerant

Common lccations of data plates

A.

B

Back of cabinet
Lower front of cabinet

{NOTE The toe plate will need to be removed on some models to see
the data plat..)

Lower feft mude of cabinet hner
(NOTE" This would be from -tanding in front of the refrigerator looking

into 1t ard the left hand crisper niay have to be removed 1n oraer to « .ad
the ddate bdlate )

 aeg .
a3l




ACR Hl - 7-E

INFORMATION SHEET

Reasons for transporting a refricerator 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 whuch may cause
oil restrictions or cornr.ressor seizure.)

B. To prevent damage to motor windings
(NOTE: The comprcssor 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.)

VIil. Common refrigerator problems

A. Imoroper installation

B. Doors out of adjustment or poor cabinet seal

O

Improper or no air circulation

. D. Improper defrosting

E. Deircst water disposal problems

F. Malfunctioning electrical components

an
S
Sal

ERIC

Aruitoxt provided by Eic:
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® Domestic Refrigeration R

Side-By-Side
Refrigerator-Freezer

Chest Freezer




g;: Ny
e ° °
Cabinet Hardware and Trim
A"
AN
[N > | 135 Door Gasket
: ' ,:,:,;933 YRR " Z
Breaker Strip -»;,1“ oS5 N j |
: !‘3'} e N 7 d ;
; l ,,
" Mullion Strip 3>, Joor Handles
Inner Liner Butter Keeper
Door Liner
Outer Liner—> { ik
Criéper
Toe Plate
3
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DOMESTIC REFRIGERATION FUNDAMENTALS
UNIT |

1 i

JOB SHEET #1-INSTALL A REFRIGERATOR

Tools and materials

A. Refrig rator

B. Adjustable open end wrench

Procedure

A. Locate the refrigerator in the proper place

(NOTE: The refrigerator should not be located in the direct sunhght or
close to a heat source.)

Aliow z half inch clearance on each side of the refrigerator
Allow one inch clearance behind for models with a static condenser
Allov/s three inch clearance above for proper air circulation.

Remove toe plate

mmo .0

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

G Fernove mside parking material ~
H. Clean outside and inside of refrigerator

(NOTE The cleaning soivent being used should e designed for this purpose
and not damage the fimsh or lcave odors insicde the refrnigerator.)

| Check doors for proper closing
J Have instructor check

K Clean up and put away tools and materials

- 13-E




DOMESTIC REFRIGERATION FUNDAMENTALS

Tools and materials

UNIT !

JOB SHEET %2-REMOVE AND REPLACE BREAKER TRIM

&

Atlow inside of refrigerator to warm to room temperature

ACR It - 15-E

(NOTE: if in a hurry soak a towel In hot water, ring it out, and place

A  Wood block, 6" x 4" x 1"
B. Standard slot type screwdriver
C. Phillips screwdriver
D. Refrigerator
Procedure
A. Disconnect refrigerator from electrical power
B Open refrigerator doors
C.
it on te breaker to warm the breaker trim.)
D. Remove side breakers first
E.

Start at bottom front edge of side breaker (Figure 1)

FIGURE 1
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JOB SHEET =#2

F. Do not use screwdrwer to pry the trim

(NOTE Using a screwdriver may damage the finish on the refrigerator and
break the trim)

I G. Use the wood bloék to get the trim loose if 1t is stuck (Figure 2)

/ FIG JRE 2

»

I e e S i

\ .
H  Pull trim forward to dlselgage it from the liner
INOTE Do not damage hght switch or wires when removing side trim.)

| Puli down ana forwara on cne ond of top triny (Figure 3)

F.GURE 3

J.  Compiete removal of top trim

K Pull up and forward on one end of bottom trim

|
o
(=N

’
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|
|
E

. ' 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

v (NOTE. Trim may héve 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

. U. Push b;ck on tnim and insert front of trim behind cabinet flange clips
V. Clean finger prints from trim and cabinet

W. Have instructor check

Clean up and put away tools and materials

O ‘ 51/‘3




A

B. Phillips screwdriver

c
I

A

Tools and materials

Refrigerator

Procedure

DOMESTIC REFRIGERATION FUNDAMENTALS

JOB SHEET #3-AD.UST A DOOR

Check for gap between door gaskets and cabinet front (Figure 1)

2
FIGURE 1

Loosen gasket retainer screws (Figure 2)




A ' .
o . s ) .
y _ " .
- 20-E .
- ;
; e ,
% JOB SHEET =3 "
M )
C. Twist door in opposite chrection (Fique 3) ) ] P
4 = ‘ '
. ) SFIGURE 3 . .
1 »v * A,
e
N L D  Close door and check gap ¢ .
B » P - - A
E Retighten screws. until snug - ; .
~ ~/
(NOTE Do not overtighten the screws because this may cause the door /
to twist out of ahgnment! . I
. F Have mstructor cf ock ,
G Clean up and put away tools and matenals . ‘ . t
. -
. ; . |
' E |
H L
w?

1
|
. . + ‘ .
X 013 .
\‘ ’
ERIC
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DOMESTIC REFRIGERATION FUNDAMENTALS

UNIT | ' -
o F "
. -~ . NAME ) : .
. - ’ " TEST '
1. Match the terms on the right to the correct definitions, : .
3 g
. ¢
a. Valve for controiling air flow 1. Data plate
L ' . : : '
2 ' b. Resitlient or flexible material used 2. Damper, .
3 _ . around ‘refrigerator doors to provide a -
-7 leak-proof seal - 3. Urethane foam (
v . ~ * \ ‘
A _ c. Divider between two refrigerated 4. Munion
3 ceCctions
y _ , ) 5. Breaier strip
1 - d. Tag on the refrigerator which gives the :
. vital electrical and refrigerant charge 6 Domestic
~ ’ information * refrigeration .
e. Plastic trim that covers the space 7. Crisper .
- between the cabinet and the liner of the
refrigerator " 8. Gasket
. . f. Insulation which is foamed in between 9. Baffle
. the nner and outer walls of the ’
P refrigerator - .
__1. Compartment mn a refrigerate; which
y provides  high  humidity . and cool
ternperature’ for keeping fresh ieafy
- L vegetahles coo! and crisp
i h. Plate or vane to control or direct the air
within .a confined area ’

I. Refrigerated “apphance which 15 used
within the home

Aruitoxt provided by Eic:

. . -
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N 4
2. ldentity types of domestic retrigeration '
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. 3 Pdentify refrigerator cabreot harde are and tram
o <
\
1
!
g
o
Lo
%
, Il
b
1 “‘
' u',
. b
h ill
T 1
1
f
[
|
|
| cl
A
|-~
o
=
~
-~

T

4 List ewqht items of mforecgtion given on g refrigerator data 3 e

a

ERIC
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Aruitoxt provided by Eic:

List three common locations of refriqerator data plates

C

List two major reasons why a refrnigerator should be transported upright

b.
List the six most common domestic refrigerator problemns.

a

d

e

Demonstrate the abilhity to

a Install a refrigerator

h Remove and replace breaker trim
. Adjust a door

(NOTE 1f these activities have not been accomplished prior to the test, ask
your mstructor when they should be completed.)

z'
21
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DOMESTIC REFRIGERATION FUNODAMENTALS

- ¢

5
Chest freezer
Refrigerator

Upright freezer

UNIT 1

ANSWERS TO TEST

(O8]

Side-by-side refrigerator-freezer

Door gasket
Butter keeper

Door handles

Noor liner
Toe plate
Inner liner

Breaker stip
Mulhon stnip
Crisper

Outer liner
Brand name
Mode!l number
Seral number

Voltage

Futl 'oad amperaqge

ACR I

- 25E
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f. Locked rotor amperage '

9. Type of refrigerant
h. Amount of refrigerant
5 a. Back of cabmnet

b. Lower front of cabinet

(@]

Lower left mside of cabinet hner
0. a. To keep ol in compressor

b To prevent damage to motor windings
7 3 Improper mstallation

b Doors out of adjustment or poor cabmet seal

¢. Improper or no air circulation
d. Improper detrosting
e.  Defrost water disposal problems

£, Malfunctioning electrical components .

w

Performance skills evaluated to the satistaction of the instructor

ERIC

Aruitoxt provided by Eic:
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" SEALED SYSTEM COMPONENTS
UNIT I

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 1dentify the types
of components. The student should also be able to replace or install components. This
knowledge will be evidenced through demonstration -and by scoring eighty five percent
on the unit test

'SPECIFIC OBJECTIVES

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

1 Define terms associated with sealed system c<omponents
2 List the eleven sealed system compone .s of a domestic refrigerator
3 Discuss the functions of the sealed system components In a uomestic

refrigerator

4 Identify types of evaporators
5 List the five locations of evaporators
6 Identify types of compressors
7 faentify types of condensers
8 List the three focations of condensers
9 List the six 1tems of mformation needed when replacing a capillary tube
10 Demonstratz the abihity to
d Replace @ compressor
b fnsta'™ g lox s Hervice stub on a reciprocal comprassor

3

Irstals nersice s ubs oo fagerant hines

r Renlace o camllary tube

Pt a et e futer drer
ol oGl
JJdi
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Instructor

A

G

H

SEALED SYSTEM COMPONENTS
UNIT I

SUGGESTED ACTIVITIES

Provide student with objective sheet

Provide student with information 4. job sheets

Maxe transparencies

Discuss unit and specific objectives -

Discuss mformation sheet

ACR 11

Demonstrate and discuss the procedures outiined in the job sheets

Review silve brazing procedures

Give test

Siudent

A

incladed

Read objective sheat

Study 'nformation sh=et

Complete

job sheets

Replace various types of domestic compressors

Take test

INSTPUCTIONAL MATERIALS

this umit

Obyer ive sheet

Informatic n sheet

Transpatency masters

1

M1 Evaporators

M2 Puaporator Location

- 29-E
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3 M 3 Con, essors -
4 TAT 1 Condernwers
5 TM 5 Condensers {Continued)
1) Job sheets -
: 1 Job Sheet =1 Replace a Compressor
2 Job Shrot =2 Install a Low Side Service Stub on a Reciprocal
Compressor
r 3 Job Sheet #3 Install Service Stubs n Refrigerant Lines
o 4 Job Sheet =4 Replace a Capiliary Tube
. 5 Job Sheet =5 [nstall a Ligquid Lm’e Filter Drier
£ Test
= Annaiers 1o test
BN [P N EY B TOT AN
A Aithouse, Andrew D, Turnquist, Catl H, and Bracciano, Alfred F Modern
Refrigeration and Air Concitiviung Homewood, Hinois Goodheart Wilico< .

Company, Inc, 1975

Fefrage ation Seqvice Part 1 Benton Harbor, Michigan Whaipool Coip
19741

257
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SEALF ) SYSTEN COMPOTIENTS

P FORMIATION SHEET

- b Teres yod defimtions

A s ab condenser Condenser tubing s attached to the nside v gils nf rhe
outer e of e retr gerator o freeser cabinet

B Plate condense: Condenser tubing s attached to a shesrt metai plate and

can be either farced air or static
-
C fr La’ evaporator Evaporator tuhing s attached to the outside wails of
tho mrer imer oand s used primanly on freezers

D Coid pate Evaporator tubing 1s attached to a plate

“NOTE Trms type of evaporator s often . ~ed in refrigerators that do no?
nave forced ar evaporators |

I Seaea system components of a domesac refrigerator
A Compressor
B E.aporator

. C Condenser

D C. oy tube

£ Discharge tine
F Lirpundd hime
G S[xr*%f)n Q;ne

~ e sne filter drior

! Accumuaiatur

J 0Ot conler

Precon vt

i Furctors of seated s 3t o components of a domestic refrgorator
<, C«l"‘;)r‘:%')r ‘

1 Lowvers prassure o ovaparator

‘ . o veses et e etnigerar tova,

O

ERIC
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Eoaproer

ol e

Condenaer Thayragt s the De g oy th e et

Candbary e

Cleters ottt T TO L aD Ol ain

]
<

r ~
Frosodes 1 noaet of oxgansion

Discharge e Carre s (e aefpigerant from the compressor to the antet of
thie cononse

Ligieed o Carnies the rengerant rom the outicr of the condenser to the
miet of the etoering deuios

Suction fine Carer 5 the ofnagerant from the oudet of the evaporator to
T £ oS

YT TS I R E B LR
Adsopt o dhsorns moistate from refrigerant
Cotariments from refngerant

cot o rpnd retrgperant from entening the compresso

REIARIR LR AN O LN

ERI!
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INFORMATION SHEET

Tvpes of compressors (Transparency 3)
A Peciprocal

B. Rotary

. 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

Locations of conder;sers

A.  In-wall

B  Back of refrigerator

C  Underneath refrigerator

information needed when replacing a capillary tube
A Inside diameter of original capiliary tube

B Length of original capiliary tube

C Horsepower of compressor motor

D  Temperature range of system

£ Type of refrigerant

F Type of condenser

1|
It
-

ACR It - 33-E
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‘Evaporators

Static

R
. il
g////,a ’ ! Fh“ ,,,,, IK/JJI /U
... Filena,,, ! "up“;ﬁ‘! (T
L, ”/4‘/»»&'/“','15”@“
e A S

M 1
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Evaporator Location .~ - - -

: Evaporator.
reezer o ~
1/ Compartment /@/ \ e

U= Bottom : P

of Freezer |

—{

S50 il N
I ]
b Back Wali s

== of Freezer '

! .

‘ -

i

4
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Compressors
. ""‘" - .
' ' 'R |Ocal Low Side
Suction Line- ™ s T ~«Charging Stub

(Note: Dome is
low pressure) {

Bischarge Line

High Side
Charging Valve
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Condensers

Static

|

L

i

i

stk

IR

LIRS i s

Uy

|

4

y

ULl L

TS

1

dadlld

Tube
Wall)

(In

Fin

B

Plate

P

™ 4

Q
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Condensers
(Continued)

Forced Air

Condenser
Fan Motor

Conuenser
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SEALED SYSTEM COMPONMENTS
UNIT o

JOB SHEET =1 REPLACE A COMPRESSOR

Tools and materials

A

o O

K

Tubi 4 cutter

Combmation open end b x end orench
Stede cutters

Domestic refrigeratton system

T shon towels

Safet, glasss -

Sand cloth

Torch

St .ker

Silver brazing alloy

Siver sotder flux

Proced ire

A

B

ACR I

Chvir o see that tne refrigirator s disconnected from electrical poveer

Put on sefety glasses
Discharge refrigerant siowly

[CAUTION Be sure and have proper ventilation
e frigerant |

(VOTE  1f system does not have a service valve, cut the end

st wath the side cutters )

Piace shop towel around valve to catch oil

Al entire refrigerart charge to escape before proceeding

Revove olectical caomponents from cormpresso
Poysh tubegoat the spot moas to be cut
Gt ubing fror con aessor witn tubing catver

rt s onnsser hald down holts

discharging

of a service
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’ JOB SHEET =1
J Lift compressor out
K Pohish cut ends ot tubing
L Set new compresser i place
N Replace hold dows boits and tighten
N Remove plugs from compressor lines

{CAUTION There will be pressure on the compressor )
0O Coat polished ends of tubing with a small amount of flux
P Insert tubing inte compressor ,
Q  Light und adjust torch ] ) :
R Siiver braze lines into compressor
S Char brazed jomnts vwith a ' my¥ towel _
To -Clean off any remaiming flus . .
o Have mstractns ohook ’
Voo Goron a and put away, tools and matenials
£
: - §
56 C B
a ‘o ' '
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SEALED SYSTEM COMPONENTS
UNIT 1}

JOB SHEET =2 INSTALL A LOW SIDE SERVICE STUB
ON A RECIPROCAL COMPRESSOR

Tools and mdteria's

A Domestic refrigeration system

B lorch .
-

C Sand cloth

D Siver brazing alloy

E  Silver soider flux

F Two clean shop towels

G Uide cutters

H. Tubirg cutter

I Bai, peen hammer

J Swage punc

K Copper t:bing

L  Flaring lsock

pMo Striker

N Pm%:h off tool | &

U Ve

Procedare

A Diseonnect re friqerator iom electrical poawer
)

B Pt oon safety guasses \

ACR 1l

- 47-E




Stitt T

¢ N ! I ' 1 1
sty o e ) AR S LTS E LRI A a o, sty e i
AT e e pad B deapgate et bon o sy
oty . .
\\\ A *
. . A
Sootagre Loy
\\ N
R .
Pt )
™~
- — . \
\ / R
7\_ « o G soor
P s R (r trpe et bt ostoh

e ot g b e i gt o corne 0t oot

T et rc et o poe ty en g hetors Do eding
O T i SV L SRS LUV (U SISO AN O
. * «
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. JOB SHEET =2

- K Put a thin coaung of flux on the tubing

L Fit tte prece of tubing onto or mto the compressor stub

M Turp the tubing mn orde. to ccat the compressor stub with flux
¢ N Light and adjust torch

O  Silver braze extended piece of tubing to compressor stuh

P Clean silver braze jomnu vith a damp shop towel

. - {CAUTION Do not goct the damp shop towel over the open end of the
tubing because some mor'sture may enter the compressor )

QO  Check vith insiructor as to the type of valve that will be usad
R Have instiuctor check
S Seal end of seivice stub with a valve or by crimping and brazing

T  Ciean up and put away tools and materials

050

|
|

Q |
ERIC ' 1
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SEALED SYSTEM COMPONENTS

UNIT

JOB SHEFT =3 INSTALL SERVICE

Tools and materials

A Tubing cutter

B Sand ccth

C  Sitver brazing alloy
D Silver solder flux

E ‘ Torch

F Striker

G Clean shop towvels
H “Swedt tes

| Copper tuhing

J Safety glasses

K Side citiers

L Pinch off tool

—
—a

\/JE\'I.)

Proys chre

A Doconpect refrgerator from electrical povigg

B Put on safety glasses

T Discharne refrigerant slowly

{CAUTIUN  Be sure and have proper

refrige rant )

5

TUBS IN REFRIGERATT LINES

when disrharging
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JOB SHEET =3

D Sivton e may be cot for discharging (Figure 1)

Suctton Line

>

—

Q Compressor

E  Place a shop towel under the discharging refrigerant

tCAUTION Do not allow the refrigerant to come nto contact with the
eyes or skin !}

F Adow refrigerant to completely cischarge before proceeding
G Cut suction line with tubing cutter

H Cut otf a short piece of clean tubing

[ Polish the ends of the three preces of tubing

J . Coat the tubing ends with fHux

K insert tubing into sweat tee

L Light and adjust torch

M Silver hraze the three joints

N Tum off toreh

O Clean the brazed jonts with a damp skop towel

(CAUTIONN Do not get she damp shop towel over the open end of the
short poecee of tibing 1 the tee because some moisture may enter the
svstei g

r~

.)}’TQ

o

]
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JOB SHEET #3

Check with instructor as to the type (;f valves that will be used
Do steps "G" through "O" to the discharge line

Have instructor check

Seal end of service stub with a valve or by crimping and brazing

Clean up and put away tools and materials

53-E
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SEALED SYSTEM COMPONENTS
UNIT i

JOB SHEET =4 REPLACE A CAPILLARY TUBE

i Tooly and materials

A Domestic refrigeration system
B Standaord Lot type screwdriver
C Philhips screwdriver
L Tubing cutter
£ Torch
F Capiiary tube
G  Striker
H Refrigeration gauge set
' | Dry nitrogen cylinder with regulator
J Silver brazing alloy
K Sitver solder flux

Two shop towels

r=

A1 Sna., solution
- ' N Brush .
1t Procedure
A Disconnect re‘f'tqerator from electrical power

) B Put nn safety gl-sses

C Discharge refrigerant

D P oocite capitlary 1{()0 route -

-

E Rerove any thm necessary in order tc obtam access to the capitlary tube
-

(NOTE Be sure all plast ¢ trim 1s at room temperature hefore attempting

‘ _ 1o remove 1t, to prevent breaking )

Q

ERIC

e
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G

H

K

)

JOB St o]

Coit the cgtbary tabye 4t e guthet ot the futer doeer
o ase Ut cante o, tabee foey it of the evaporator

Laght e b st Lo

Unsolider capltary tabe frore saction hine
IMOTE U the capidiary tube 1s not soldered to the suction hne for a bear
cvchange e Ty previons steps may be elimimated )

Do not aet the tonch Home close to any plastic tnm »

Steamhite s out the remoued capnilorny tube

.
Measure the insde daneter of the capillary tube

TVOTE S This oy, e cone cath g captlary tube gauge or an onifice dol!

el s
.

MMeogsre the dergth o e captoary tube

Mloasgre te praper dength of o capitfary tubing and cut

ILOTE Bomgoener e ceethod for cutting copitfaiy tubing 15 to score

toed btk ot G the maide dhabeter of the tubimg will not be roduced )

Sobiber o capaltoy tube 1ot wde of the suction Tme with 50 5C solder
. !

’

ot cothet end o oadbay tube into et of evaporator

<

CLOTE Tt the oo dary tube epough 0 prevent the dangar of ot

IR R O LR I conder See FI(}UH‘ 1 )

Foopor ddor Indet

FIGURE 1 :

cooaps o, tohe o evapotalon

. ) ?
T G e g vt an atunman evapor o g ditferent type of

Wil rnag alion, vudt pone e hie ased

-
T N 1y o e o
p— .
’ 4
L) <
gy L [y
”

o
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. JOB SHEET #4 . ‘

S.  Silver braze capillary tube-to filter drier
(NOTE The filter drier is always the last (:omp(meht to be mstalled n
a sealed system repair See FRiqure 2) .

FIGURE 2
Liguid Line

or

Capllary Tube
=

\ T  Clean fiux from filter drier silver brazed joints

U  Pressurize system - -

i

V Leak check . v
\\
W Have mstructor check \
) \
X  Clean up and put away tools and matenals S
N :
i }
. ~

h .
' \
1 J ‘

O ‘ b, . ' ’
ERIC o - .
:
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. " SEALED SYSTEM COMPONENTS ‘
UNIT 1l
/
JOB SHEET =5 INSTALL A LIQUID LINE FILTER DRIER i .
/
/’ ! Tools and materrals ) ’
/ A Tubl.ng ~tter
/ - B Torch ' "
D:/ C  Striker .
' D Colored safety glasses ‘
r E  Safety glasses : '
E‘, Refrigeration "ratchet wrench | X
T C‘ Refrigeration gauge set =
H Refrigeration system
3 til Filter drier with sweat fittings

J Siver all-y hraziny rod
. K Sand cloth
- L ‘S||\' brazing flux
"M Damp shop towel
M Nitrogen cylinder
o Procedtire
A Pt on safety gldasses
E Instail retrigeration gauge set
C If refrigeration system 1s under pressure, slowlv reiease pressure
D. Use the sand cloth and pohish the higuid line prior to cutt g
E  Cut hquid hne close to the mlet of the metering dewce'
F Remove a section of hguid hine the length of the filter-dner

G Repolish ends after cutting

. H  Arg'y flux to the polished ends

e

07"
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JCB SHEET #5 .

Remove the protective cap from on: end of the filter-drier

(NOTE On some smali filter driers used for domestic refrigeration, the ends
must be cut off with a tubing cutter.) »

J Check for proper direction of refrigeramt flow on filter-drier
K Insert hiquid hine into one end of filter-drier *

L Twist the filter drier while tnserting the line to insure sufficient coating
of flyx )

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 recessary when installing a capilliry tube
directly into a filter-drier. This procedure s covered in detail on a separate
job sheet ) :

P If using a line-drier with an access core type valve, remove the core to
prevent the heat from damaging it

G Artach nitrogen cylinder to refrigeration gauge set
R Set mitrogen requlator fo; 2 ps.a.g.
S.  Allow nitrogen to circuiate through the system
T  Put on colored safety glasses
U Light and adjust torch .
.V Anply 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 botk joints wn;h a damp cloth befare the joint cools
AA. Check hoth joints to be sure all of the ‘ux is remo;/ed
BB. Have mstructor inspect
CC Clean up and put tools away

07 ©
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.

SEALED SYSTEM COMPONENTS
: UNIT I

-

NAME Co

T-EST

Define terms assoc:ated with sealed system components.

a. In-wall condenser-- p

b. Plate condenser--

c. In-wall evagorator-- .

d. Cold plate-

List the eleven sealed system components of a domestic refrigerator. 'Y

k-

(P2
o\} i
-
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b

a




\\ - - ' .
- . -
.
&
. . ) “ )
o
.
. ,
I
B
. .
€

‘€. d. . " |

. 5 List the five locations of evaporators.

.
- x

o
.

. : . 3 - .
/' e ' r

¢ 6. Identify

ERIC
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v

Identify

a
e
v 4‘/
{

G.
I

the types of condensers

Toad N
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e ~ f

. 8. List the three locations of condensers o ' ) -
a . - ' .
b
c.

N

.9 List the six items of information needed when replacing a captljary tube

a
b
C

d

5749 : :
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*
Demonstrate the ability to -
r ] - . ’ * a
d Replace o compressor -
ial -
£ ittt g oy side oSivice siub on g eeciprocal compressor
. Pastall servicr stubs br et ant imes
o Replous o capn'tary tube i
¢ Instatl 1 hawd hine fiter drer .

(NOTE 1 these activrhies have not been accomphished prior thy the st TN

Jout nstructor when they shoald be completed )

<
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ACR Il - 67-E
- . N . R . .
SEALED SYSTEM COMPONENTS
UNIT 11 . - , .
¢ ANSWERS TC TEST
1 ¢ Condenser tubing 1s atruched to the inside walls cf the outer liner of the

refrigerator or freezer cabinet

b Condenser tubing 1s attathed 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
1s used primarnily on freezers

d Evaporator tubing ts attached to a plate
2 a Compressor
b Evaporator

l c.  Condenser - N

d Capillarv tube . -
e Discharae line
f Ligund hine

g Suction hne
'
h Liguid hne filter drier
i Accumulator
| Ol conler .
k. Precooler

3 Discussion should include :

d Compressor

. 1) Lowers pressure 1 evaporator s
2) Compresses heat laden refrigerant vapor . .
b Evaporator Transfers heat : . .

C Condenser Disstpates the heat from the refrigerant
d Capnllary tube
1) Meters refrigerant into evaporator

2

2) Provides a pomt of expansion
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€

. . .
Discharg. hine Catries the ritigerint trom the compressos to- themnies o
the condenser
14

Lauid tiee Carnes the refrigerant from the outlet of the condenser to the
et o the metening device .

. L4 . ‘ -
Suctior hme Carres the refrigerant from the outlet of the evgporator 10
the  Compressor

s fiite N
Licqund e hi ti’r(imr -

N

1) Adsarlys or absorhs maisture fram refrigerant

2) Filters contamingnts from refragerant

Accunmlator Prevents hgud refrigerant from entering the comuoressor

Ol cooler Absorbs heat from compressor ol

c

o
Forced anr Bin

< - .,

Statie Shetl . . .

tatie Sneit

h AN
~ - . \-~
Stauve Cold plate
Entire freeser compartment

. H

Back -wvall of ood compartment {cold plate)
Back wall of freeszer compartment '
Bottom of freeszer compariment
Shelyes of upright frewzer
Rotary ’
Reciproe .l
Rotary
Statr plated )
Forced air nin . . .

.
Forced air plate
State hin -

State tabe

Forod e tbe .

g |
(Ko
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F ) ©
' ‘ . 8. a. Inwall . : ] ,
- ' . \ ) , : .
b.  Back .of refrigerator . N .
. ’ i — ’ ) . ‘ﬁ‘ ‘
v . - N . -
c U, =2rneath refrigerator ’ ' -
‘ ’ . -
s, : 9 a Inside chamete: of original capdary tube ‘.
v ) b Length of ongmal capillary tlbe '
. >
. J &
c. Horsepower ot compressor motot )
d  Temperature range of. system .
o . . . ." R L]
e Type of refrigerant . R
~ f Type of condenser ) N .-
10 Perfcrmance skills evaluated to the satisfaction of the instructor '
¢
! ) 3 S - .

N
o

ERIC .
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~ DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTROLS
UNIT 1 o

N - - . e
M / .
a . / ’ .
.
/

w

Atter<compl®icn”of this unit, the student should be able to matct terms asscciated with
-
domestic refrigeration defrost and electrical controls to the correct defimtions and discuss

.the purbose of refrigeration. heaters and hot gas and electric defrbst components. The*

student should also be able to replace a temperatureg control and a defrost heater. This

knowledge will be evidencéd through demonstration and by scoring-eighty five percent
v » A

on the unit test. ) - Q Y {
. * . W . -
. R " .
SPECIFIC OBJECTIVES
é / » "
’ L . LA
After completlon’of this urit,ktke student should be able to . s
1 Match terms associated wsth domestic refr. jeration detrost and.electrical
. . controls to the correct definitions . -
.2 List nine domestic refrigerator heaters.
3. Discuss the location of heaters ..\p ! ’
4 Discuss the purpose @f refrigerator heaters
) Identfy electrical controls. w
L] '
Discuss the location of electrical controls
. ~ . . m
7 Discuss hot gas defrost components. .
. <
. -8 Discuss electric defrost components . .
9 List two off cycle” defrost components
[
10 - Demonstrate the ability to
ad Name the heater circuits :
i b Name the controls
c Diagnose circuit prot lems .
d  Replace 2 temperature control
! e Repiace a defrost heater

T
e
PSS

v : UNIT QBJECTIVE. . ACEREEAN

X

¢
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DOMEST.C REFRIGERATI)ON CEFROST AND ELECTRICAL CONTROLS . .;
- . « UNIT 1 ’ -
B SUGGESTED ACTIVITIES \
I Instructor : \
A Prgv.de student v.ith oblective sheet
B. Provid» student with information, assignment, _anc'i job 'sheets.
Ce  Make trinsparen'cues: . ’
" D. Discuss uni* and spec;flc;gmectlves
E. Dlsc.uss information and gssngndwent sheets. ¢t .
F Dlemonstrate and dis~iss the procedure; outhnea (n the job sheets. , ‘
G‘: (%lv'e tt;st. ,
.“ Student , . .
A. Read objective sheet . y
* B, Study information sheet J i s
- C éomplete assignment and job sheets
D Take test ,
INSTRCJCTIONAL MATERIALS
I ',lnc!uid;sd i this unit. . i - )
A Objective shf:e’t . '
‘B Inforlmatlon ‘ sheét ‘ .
" a ' . . ¢ .
C  Transparency masters
*’{ TM 1 -Heaters
2 M2 Ele.ctr'lcal Controls \ | ‘ Lo
3 TM 3 Hot Gas 'Defrost . .
585 0, .
A ]
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ERIC

D  Assignment sheets

1. Assignment Sheet -‘=l¢\lame the Heater Circuits
.~ .

2. Assignment Sheet #2 Name the Controls

3 Assignment Sheet #3- Diagnose Circuit Probiems

E  Answers to assignment sheets

F Job sheets
1 Job Sheet =1 Replace a Temperature

‘ 2 Job Sheet #2- Replace a Defrost Heater

.

<

G Test
H Answers to tests ¥ S

. .
References’

, A  Aithouse, Andrew D, Turnquist, Carl H ; and Bracciano; Alfred .F. Modern

Refrigeration and Air Conditioning Homewood, liinois Goodheart-Wiilcox
-Comnany, Inc, 1975.

B f?efnqéraﬁon, Part Il Benton Harbor, Mich qan  Whiripool Corp., 1974.
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. DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTROLo

UNIT ol
INFORMATION SHEET

i Terms and definitions

A Manual defrost Removing trost accumulation fromy the evaporator by
t.rinng off fthe refrigerator and allowing the frost to melt

(CAUTION Do not use a sharp object to remove the frost and ice
accumulation ) °

# B , Automatic defrost Removing frost, accumulation from the evaporator

periodically by the use of a timed control and a heat source .

C  Electric defrost -Utihzation 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 contro!l Thermostat which controls cabinet temperature
. . F  Sweat:ng Moisture accumulation on cabinet walis

G Ambwent compensator -Small  resistance heater located rnext to the
temperature contro! on a freezer to mmsurepropes cycling

i Domestic refrigerator heaters (Transparency 1)
A Defrost heater . “
B Drain trough heater
C  Porimeter heater

(INOTE  This mav also be calied a dew pomnt or cabinet heater )
D  Air duct heater

E Fill tube heater

o INOTE A fitll tube heater s used only on some models vuipped with
’ ice makers ) -

. ) ‘ *&

F Butter keeper heater

. G Ardhent compen,ator
Q . . Ot .
EMC ' . JI
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INFORMATION SHEET

H Meat Leoper heater

I NMuothion  eater
INOTE  Not wmvery refrigerator uses all these heaters, but frost-free

|
refrigerators wili have the majornty of them)

Lecatnon of heaters
A Oetrost heater -Embedded 0 evaporator fins

8 Dramn trough heater -Undereath defrost water drip trough

C  Perimeter heater Behind cabinet door flange 2
' ?

c

Air duct heater Inside of air duet

.

-

£ Fb scbe heater Around vater nlet tube for ice maker

b

F Butter _keeper heater Around butter keeper compartment

G Ambient compensator Next to freezer temperature control

Mo Meat keener heater Located in cabinet walls around the meat keeper section
OTE This meat keeper section s only for short storage times)

| Mutiion heoter Behund the muthion stiop

Piurpo.e of refrgerator heaters

A Diirost beawer Automatically removes the frost accumulation from the
evaporator

B Drair trough hedater Prevents ice butd up in the water trough

¢ Pepumeter heater Prevents sweating around cabinet gasket flange

D Au duct beater Prevents ice blockage in the air duct

B Fit tube heater Prevents the water from freezing in water inlet tube

f- Butter keeper heater Keeps bhutter at the proper temperaturs

r

- 5
G Ambuent compensator Warms freezer thermostat for proper cyching

(NC TF This as espectad'y useful for freezers that are located where the
svbient teonp rature G oovver thae the desied cabinet temperature.)

r
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-
INFORMATION SHEET .
H “Meat keeper hoater Awds ino mamtaiming the proper temnergture for meat
storige
i Aailion heater Prevents maorsture from accumulating on the muthon stnip
V' Electrical contiols (Transn‘alency 2) .
A Temperature contral thermostat ‘
B Roﬂf&\/: ’
1 Fotwire
2 Current
) 4 ' . ,
3 ., Soldstate T
L Defrost terminauon thermostat i
-D  bLatswiteh - ’
E Fan hight switeh
F Defro.r timer
G Overload
VI Location of elecirical controls -
A Tempeniture control ’
15
v i Side  of fefr:g;eyator liner
2 Behind air deftecior -
B Startir ; roiay Attached to or close to the compressor terminals
C Defrost wrrinatior thermostat Attached to end of a finned evaporator
: - (NOTE  Somwe refrigerators require two termination thermostats, wired °

paraliel to each other, 10 order to keep the heater on tong enough for
nrnper defrost ) -

D Lagnt sateh In the sige breaker triman door b nge side of 1efrigeratore
N Co

£ Far noatch In the side breaker trim on door hinge side of refrigerator (N O )

AOTE The tght s ateh and fan switeh are tsaaily buitt mte one assembiy b

A
c
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Vii. Hot

W

INFORMATION SHEET

-
.

Defrost timer Usually locdted behind the toe plate

.

(NOTE .Some manufacturers will place the timet in qther locations but
it 15 most often focated underneath the refrigerator )

Overload Next to <ompressor behind the terminal cover

-~

”
gas defrost components {Transparency 3)

By pass valve i discharge line

1 Energiced Hot discharge refrigerant by passes the condenser and
metenng device

2 Deenergized Normal refrigerant flow
N ' - k]
Solenoid Energizes by pass valve -
Continl
t
1 Motor drniven timer
2 Ratchet timer

a Opening and closing freezer door advances timer

b Remote sensing bulb for termination

Vill  Flectric defiost components

A.

B

Mator drven timer”
1 Starts defrost cycle
2 Determines length of time compressor 1s off.

(NOTE . Various manufacturers use timers with aifterent defrost cvcles.
Defrost tumer motor ranhing time 1s determined by unit rupning time ;

Defrost heater |
1 Turned on by timer .
2 Terminated by

a Termination thermostat

9 Tovan
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INFORMATION SHEET

- C. Termination thermostat

1 Wired in series with detrost heater only -
2 Turns off defrost heater If ambient around evaporator reaches
45° to 50°F

(CAUTION: Do not’by-pass the termination thermostat because the heater
will come on and stay on the entire length of the timed cycle and could
create enough heat to cause excessive damage to the refrigerator.)

D. Drain trough heater .
A
1. Wued parallel to defrost heater and termination thermostat

2. Stays on for entire timed defrost cycle — -

IX. Off cycie defrost components
A. Defrost beater R
B Wide range temperature controf
{NOTE: Since the defrost heater is only on durnng the refrigerator off-cycle,

a wyde range on the temperature control will allow sufficient time for frost
removal.)

Y
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i T L e
Defrost Heater

Quartz Heater

==

B

C - ») j
Foil Backed Resistance Heater

(Note : Most Heaters Except The Defrost Heater
- Are The Foil Backed Type.)

597
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E ‘ | Eiectrical Controls

|

.

|

= -
Light Switch
|
® Fan / Light Switch Defrost Termination Thermostat
: ™ 3 .

o | 593 1
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Sqlenoid

459‘2 ™ 2
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| | Hot Gas Defrost
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DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTPOIS . t
UNIT tH

ASSIGNMENT SHEET =1 NAME THE HEATER CJRCUITS

List the heater circuits 1n the schematic below A circurt consists ot a power source,
connecting wiring, load, and sometimes a contrel

L]

‘F 120 VAC A;

Perimeter Heater

ANV

Mullion Heater

Cab Light

/ ‘

]
Light Switch

1

O™

Defrost Heater

j\%—oo——r

efrost

AAAY

Drain Trough Heater Wire

— NN\

: \ Thermostat
¢4

Defrost .
Timer

’

L

tTemp Control

-

Evap Fan

I
L

Fan Switch

Relay

Compressor

]

-~ -

(I o

Overload Protector
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‘ DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTROLS
UNIT

”ASSIG_[\)MENT SHEET =2 NAME THE CONTRQOLS
List the controls in the schematic below A control 1s In serwas‘ with a load

: 4 : ' .
~. e 12OVAC v -5

) Perimeter Heater
" y ANV

Mullion Heater

Cab Light -
f— N :
- Light Switch N
I .
4:( ;3: Defrost Heater
. : ! , [ AV Y,V
. j : Defrost
’ . Drain Trough Heater Wire
: A \. Thermostat AAAA
Defrost )

Timer

, ) éTemp Controt ; - .
Evap Fan S
{ £
11
—
Fan Switch

Relay Compressot

Overload Protector




a5

DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTROLS

ACR I

UNIT I

ASSIGNMENT SHEET =3 DIAGNOSE CIRCUIT PROBLEMS

4

’

Look at the ladder schematic and answer the questions pertaiming to electrical test meter
<

checks
1
ﬁ 120 VAC aﬁ
“‘Perimeter Heate
A ¢
H B
- . \\ Mullion Heater
C - ; D
Cab Light ¢
~ E{ I m\ - G
Light Switch -/ '
4@3‘ = J Defrost Heater ]

efrost
\ Thermostat

NGOt

v

2

b ram Trouéh——Héater Wire~

94

Defrost
Timer

T .
élemp Control

—AAMA—

Evap Fan

Compressor

™ e

Overload Protector

3
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<L - . .
ASSIGNMENT SHEET =3 ’
Exanmle Zero voltage betwren H oand N ? K N
RN No source vottdage available.
R 1 No continunty between A and B ) .

INOTE Anin circutt component must have one side disconnected
before checking .tor continuity to prevent getting a reading

through another criclit ) s
- S "+ 2 120 VAC between C and D
. 4
3 Zerd voltage betwweem E and F ’

4. 120 V'AC between F and G

: 5 , Continuity between 1 and 2 on-defrost timer

-

(NOTE All conthuty ghecks should be made with the power .
disconnected } oL

P 1

6 120 VA C between 1 on defrost timer and | ,
’ A - ‘7 Current draw between | and J - ’
- 8 ' 120 VAC between 2 on defrost timer and K .
. ; 9 120 VA C between Ty and T, V )
10 Zero _voftaqe betwem: .T2 and P . o )
" 120 VAC between Land'S -+ ( | ’
. 12 Mo Icgmtnmnrv between M on relay and C on compressor
13 120\V A C between 1 and 2 on qverlo-ad protector

-

- [ 3

v/
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. E COMESTIC REFRIGERATION DEFROST AMD ELECTRICAL CONTROLS -
e ‘ Ut I . N -
B / ANSWERS TO ASSIGNREMNT SHEETS /
& . [
) Assifent Sheet =1 ' vy ~ .
1. Perimeter heater ) '
. 2 Mullion heater . ot : .
3 Defrost heatex | , , -
/: ‘e . R
7 v 2 . * hd ’
4  Dran trough heater , h
Assignmént Shedt =2- ’
tL ’ -] “Light switch”
o 3 " . . * "
2 Defrost fimef - ,
.3 Defrost therm )Stal\_‘\_, . -"" .
‘ 4 Temperature ehntrol . - - ., :
p .
T 35 Fan switch
. < N .
. 6 R‘,’ldy s
' Assignment Sheet 23,
1 Open penimeter heator )
3
- 2 Sowrce yoltage 15 avarlable 5 —
3 Light sgntch s closed ' .
. t
4 . Open cabinet hight
. <
51 Defrdst tiuner s callng for defrost
) \‘
6 Defrost tiner s not calhing for defrost
Ll
' / Defrost beodder s enerdizod \
8 Defrost timer s odling for defrost”
. Y Termmperature control 15 open . ’ i
¥ ‘
. Fan’
095 ( . 4
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T .

Fon swatch s dlosea
Relay contac 'y are opwen
Open caompressor %un windmng

Mcttoad imetal contacts are

open

g
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. . . DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTROLS

UNIT [lI

JOB SHEET =1 REPLACE A TEMPERATURE CONTROL
‘ ¥

’ ‘ (‘

I
Tools and materiais

‘A - Standard slot type screwdriver

B. Philips screwdriver
C. Temrerature control '

D -Temperature recorder

v

E. Refrnigerator
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 contro!l mouriting screws

D. Full control out enough to disconnect wires

é. Disconnect sensing element frorn the evaporator ifl. it is secured to,it
F. Carefully remove the sensing elemert

G. Dc not kmk’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 contro! in proper location

L. Replace mounting screws

ACR It -
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ERIC

JOB SHEET =1

Attach sensing element to svapouraior m the same manner as the orniginal
Check to be sure that the sensing element touches only where intended

INOTE f the thermostat sensing element touches a cold spot prnior to
rraching the evaporator it will cause irratc cycling )

Replace control knob

Have instructor check instgllation

Plug i refrigerator

Set temperdture cc;ntroi at mid range
Place temperature recorder i refrigerator
Allow to run for 24 hours )
Check chart for C\/Cl;!‘.g pattern

Have instructor check chart

Clean up, and put away tools and materials
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DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTROLS
UNIT 111

3

JOB SHELT =2 REPLACE A DEFROST HEATER

I Tools and matenals
A Standard slot type screwdriver
B Phillips screwdriver
C Defrost heater
D  Refrigerator )
E Ammeter or wattmeter

1. Procedure
A. Disconnect electrical power from refrigerator
B. Open freezer compartment door

4

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 accessihle
G Dusconnect defrost heater wiring

H Remove heater from evapcrator (Figure 1M

(CAUTION. Be careful when removing or replacing a heater with a finned
evaporator, because the fins are sharp ) - N

FIGURE 1
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JOB SHEET %2

Instalt new defrost heater 1n the evaporator slots

Do not push heater mto sots with a screwdrives

(NOTE Using a screwdriver could damage the heater Flattening one end
of a piece 12 inch od coprar tubing with a V cut in 1t makes a good
heater mmstallation tool )

Connect wiring

Check to be sure that no wiring 1s touching the heater

Push evaporator back into positapn

-

Replace mounting screws

_Have instructor check installation

-

Replace evaporator cover panel
Plug mn refrigerator
Set temperature <ontrol at mid range

Allow the relrigerator to operate long enough to cool down the termination
thermostat

Set ammeter in highest scale
Place ammeter around one conductor of power cord -

Turn tuner shaft in clockwise direction unt! first click
Check ammeter reachng
Select ammeter scale that provides a center scale reading

Observe amimeior for a reduction in reading when - the termination
thermostat opens -

Check length ot time of defrost cycle

(NOTE  The defrost cycle should not be longer than approximately 26
minutes )

AA  Clean up and put away tools and materials

69
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DOMESTIC REFRIGERATION DEFROU.i AND ELECTRICAL CONTROLS
UNIT 11 -
. NAME L
TEST
K 1 ,-Match the terms on the rnght to the correct definiton,
___a Mossture accurmulation on cabinet wails 1 Ambient
. compensator
b WYuhzation of resistance type heaters in
" the automatic defrost cycle 2. Automatic
defrost
_____c. Removing frost accumulation from-the .
evanorator by  turning  off  the 3 Sweating

refrigerator and allowing the frost to

meit 4.

d Thermostat which controls cabinet- 5
temperature

’ 6

e Routing hot discharge refrigerant to the
evaporator for frost removal 7

.

Removing frost accumulation from tae
evaporator periodically by the use of a
tmed control and a heat source

g Small resistance heater located next to
the temperature control on a frecser to

Insure proper cyclhing

2 List nine domestic refrigerdtor heaters

(i

Cold control
Manual defrost
Electric defrost

Hot das
defrost

99-E
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100 E
R Discuss the locat:on of heaters : .
-
L4
*
Y LY
3 ¢
« +4
) *
4 Discuss the purpose of refngerator heaters ) '
. . |
1‘
1
4 1

I

ic
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102-E
- A »
T
T 6 Discuss the tocation of electrical controls .
[y k]
iR
: 7
4 v ?
1
4 1
7 Discuss hot qas defrost components ’
' .
. . . .
6905 '
AV
O -
.

g




Discuss electric defrost components.

‘ 9 List two cff-cycle defrost components. .
a
b. J
10 Demonstrate the ability to

a Name the heater circuits.:

b Name the controls °
c Diagnose circuit problems
d Replace a temperature control
AN

e Replace a defhast heater,

(NOTE If these activittes have not been accomplished prior to the test, ask
your instructor when they_ should be completed ) '

ERIC

Aruitoxt provided by Eic: “
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«

DOMESTIC REFRIGERATION DEFROST AND ELECTRICAL CONTROLS
UNIT 111

ANSWERS TO TEST

o

(8]
w

-

. d 4
2 a ., Defrost heater
b Drain trough heater
c Perimeter heater
d Air dur® heater
e Fill tube heater
f  Butter keeper heater
g Ambient compensator
h Meat keeper heater
I Multion heater !
3 Discussion should include
a Defrost heater Embedded n evaporator fins
b Drain trough heater Underneath defrosc water drip trough
C Perimeter heater Behind cabinet door flange
d A duct heater Inside of air duct
c Fill tube heater Around water inlet tube for ice maker
f Butter keeper heater Around butter keep’er‘compartment
q Ambient compensator Next to_fr()e/(rr temperature control
h Meat keeper heater Located in ca‘blnet walls around the meat keeper soc&on

.

| Mullion heater Behind the mullion strip

610
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. \ o '
4 - Discasston shound oaclude
1 R Detiost neater Adtoneadoatly  temoves the frost adccamudation from the
L EVAPOT B Ot g
-
b Dramn trough heater Prevents ace build ap o the water trough
, .
. C Penmieter hedater Prevents swweating aronnd  cabmet qasket Hange
. . -
. .
d A duct heater Prevents e blockage, m the air duct -
e - ‘ .
£ Fill tube heater Prevents the water from freezing i water nlet tube
5 )
t Buatter keeper heater Keeps butter at the proper temperature .
q Ambient compensetor Warms freezer thermostat for proper cycling
h Meat keeper heater Aids in maimteming the proper temperatuie for meat
Storage ) -
i Muthion heater Prevents mossture from accumulating on the muthon strip
5 A Current relay . ' .
- b Defrost termumtion thermostat s
' A
. .
¢ Dedrost timer ]
[4
'] Foan hight swetch .
It Tenmerature control thermostat
. f Hot wire tefay : . ‘
q Dight switch ! (
Y
. & Overload '
' ‘
i Solid state relay
. A D ussioo should mdlude
|
t fempeatare control . .
. I8 Side of rethigerator linet
™ Botuned arr defloctn T
* ]
§) Stutery relay Attached to or close to the compressor ter mals i
> i
. ¢ Prebiost ternanation thermostat Atiached 18 end of a fimned evoporator C g
.. !
, ~ .
: 611 :
\‘1 -~ . [
ERIC »
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o

-. . Light switch In the side breaker tnin e door hinge side of refrigerator
* (NC) ’ ’

e Fan switch In the side breaker trim on door hinge side of refrigerator (N O )
f Defrost umer Usudlly located behnd the toe pldte )

g  Overload Next to compressor behind the terminal cover

v 7 Discussion should include

.

a By nass valve in discharge line

-

1) Energized Hot discharge refrigerant by passes~ the condenser and
metering device - . .

2) Deenergqized Normal refrigerant flow
b  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 mc‘lude

a Motor driven timer

\?' 1) Starts defrost cycle <

i 2) Determines length of time compressor 1s off

h Defrost heater .
) 1) Turned on by tmer , . P

2) Terminated by ‘ .

b
a)  Termiation thermostat . .
. by Timer - ’
T N3 . ) A
' % Termination thermuostat a :
~ - R . - "
. . . 1) Wired sin series with defrost heater only . -
hd
L0 ’ o
2) Torns off defrost heater ff ambient around- evaparator reaches -
-~
a5 to 50 F ‘ *

Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

10.

d  Dramn trough heate & R
1} Wired parailei to defrost heater and terminations thermostat
’ N -
2} Stays on for entire timed defrost ¢ycle .
‘r
. . g
a Defrost heater o.
> to.
b, Wide range temperature control
. .
Performange skilds evaluated to the satisfaction of’the instructor
K
oy
hd ~
[ J‘ * R
. ' - 6
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’ ' MECHANICAL SERVICING OF DOMESTIC REFRIGERATURS
UNIT- IV

o ;

f ¢ UNIT OBJECTIVE

After completien of\thus unit, the student shouid be able to match terms 1. their correct

definitions and list three types of leak detectors, three common mechanicel system failures,

the characteristics of an overcharged system, ard the steps 'n cleaning a system after hurn

out. The ‘udent should also be able to discuss the inaicatiors of a refrigarant leak,

characteri c¢s of defective compressor motar valves characteristics of a restricted captllary = ~
tube, and compressor motor burn out This knowledge will be evidenced through y
demonstratloﬁ and by scoring eighty five percent on the unit test

a, >

=
- SPECIFIC OBJECTIVES '
i s . After completion of this urnut, the student should be able to
: 1 Define terms associated with mechanical serwcmg‘or domestic refrigerators
. 2 List three types of ieak c_ietectors
’ | 3. Discuss the indieations of a refrigerant leak
. : . '

4. List three common mechamcal system failures.

e

5 List the four characteristics ot a compressor motor with defective valves,
6. Discuss the characteristics of a restricted capillary tube

7. List five characternstics of an overcharged system.

“to

Discuss compressor motor burpn out

9 List the twelve steps in cleaning a system after- burn out.

. -

10 Demonstrate the ability to:

a Repair an evaporator with epoxy.

’

b Evacuate and charge a refrigerator wh'ch has only a low side sirvice

valve. .
//
C Evacuate and charge a refrigerator which has only & high side service
vdlve N «

ERIC

Aruitoxt provided by Eic:
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Clean a system after burn out
Clean a restricted capillary tube.
Repann an evaporator by aluminum brazing

Check effictency of a compressor motor.




MECHANICAL SERVICING OF D« VIESTIC REFRIGERATORS

SUGGESTED ACTIVITIES

Instructor

A

B.

G.

student with objective sheet

student with information and job sheets.
unit and specific objectives
inforratton sheet.
Demonstrate and dfiscuss the procedures outhined n the job sheets. |,

Show the students a burned out compressor motor and a sample of ol
from a burned out compressor riotor.

Giv  ‘est. OF

Student”

A.

o8

o

Read objoctive sheet.
Study information sheet.

Complete joi) sheets.

INSTRUCTIONAL MATERIALS

Inciuded in this .

A. Objective sheet

B.

C

Information sheet

Job Sheet #1 Repair an Evaporator with Epoxy

Job Sheet #2 -Evacuate and Charge a Refr gerator Which Has Only
a Low Side Service Valve



112-€
3. Job Sheet =3 Evacuate and Charge a Refrigerator Which Has Only ‘
a High Side Service Valve
4, Job Sheet %4 Clean a System After Burn Out
5 Jot_; Sheet =5 Clean a Restricted Capillary Tube
6 Job Sheét #6 Repar an Evaporator By Aluminum Brazing
7 Job Sheet #7 Check Efficiengy of a Compressor Motor
Test
" t Answers to test ‘

I Roferences

A Retngeratton Service, Part | Benton Harbor, Michigan Whiripool Corp .
1974

o1y .
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—
MEGHATIICAL SERVICITG OF DOMESTIC REFRIGERATORS
‘ UNIT 1V ‘
INFORMATION SHEET ®

.
<

| Terms and defimtions

.

A Contamination Foregn substance i a refrigeration system such as dirt, -

maisture, or other forewgn matter y
[y - {
) B Acidic Conditton in which the refrigerant and’/or o1l becomes corrosive In

' nature
C  Compressor motor valves Internal reed type valves inside the compres.or
which allow the lovr pressure refrigerant to enter the compression cyhinder
and 1+ compressed refrigerant to be discharged
I Leal detectors
A Soap bubbles
B Halide torch
- C Electronic
il Refrigerant teak mdications
‘ A Reduced cooling canacity
B Dehmite tussing sound at capillary tube outlet
C Fvaporator frost pattern s short
D Low wattage draw
E Ol spots
IV Mocherical system fatlures
A Difectve sealed system components

B Rotrigerant charage

C Restric tions

Vo Charac temistics of a compressor motor with defective valves
A Rroduced current consumpton
B Rodscoed oo olng capatity

C Hiogher thar ormal siction pressue |

. 9] Lo than normadb dise harge pressure

|
164

O
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INFORMATION SHEET ”

Characteristics ot 4 restricted capillary tube

INOTE The aqurd hime fiiter dier will sometimes become restricted and 1t should
be checked pefore condemning the cap Nary tube A restricted filter-drier will
often be ndicawed by a definite temperature difference between the inlet and
putlet ot the dner)

A Partial restriction

1 Internmittent hissing sound at capitlary tube outlet
2 Partjal frosting of evaporator
3 Frost on capillary tube

INOTE This may occur at the point of partial restriction )

4 Normal nigh side pressure

5 - Lower than normal low side pressure

6 iower than rormal rate of pressure equalization when system
shuts off

B Complete restriction

1 Ne hissing qt captliary tube outlet

2 No frost on evaporator

3 Low cnompressor wattage

4 Lorver than normal ngh side pressure

5 Low side will b 1 vacuum

5 Prossures will not equahize when system shuts off

Charactenstics of an overcharged system

NOTE  An overcharged condition 1s usually the result of an improper previcus
service operation )

A Completely frosted evaporato:
B Fiosted suction hne

C Highey than normal compressor wattage

°
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" A Discharge refrigerant

ACR I - 115.F

INFORMATION SHEET

D Above normal head pressure

E  Compressor motor nosy

(NOTE Excessive overcharge may damaag. the compressor by slugging)
Compressor motor bun out

{NOTE The refriverant vwili have a pungent odor )

A Electric motor 1 compressor motor burns out

B  Creates acid i entire system

C Compressor motor must he changed

D  System must be tlushed

Steps i cleaming a system after burn out

(CAUTION Do not aliow the refrigerant or oii to come In contact with
your skin or eyes because 1t will be acidic.) ’

B Remove compressor motor
C Disconnect inlet and outlet of capillary tube or other metering device
D Connect capiilary tube cleaner to the capillary tube and clean

(NOTE: If a different type of metertng device 1s used .. should be
dsassembled and cleaned.)

E  Flush evaporator with hguid refrigerant

{(CAUTION: Weur safety glasses and do not let the liguid contact the skin
hecause 1t will cause a burn.)

F Flush condenser with hguid refrigerant
G Flush suction and hiquid unes with hquid refrigerant

INOTE" The refrigerant used for flushing chould be the same as the
refogerant used i the system )

G
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INFORMATION SHEET

H  Connect cutlet of capilary tube to iniet of evaporator )
I Instatl new compressor motor
J fnstett new hiqued time filter diver
T -
i —
‘
I K Tople vvacuate
i ) -
L Charye with retrigerant (
M «
t
.
L]
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MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS
UNIT IV

JOB SHEET =1 REPAIR AN EVAPORATOR WITH EPOXY

Tools and matenals
A Aluminum evaporator

B. Sand cloth

C  Epoxy (which 15 designed to be used with refrigerant)
D Clean piece of cardboard or sheet metal

E  Acetone

F. Clean applicator

G. Drop light

H. Refrigeration gauge set

Vacuwm pump

J.  Shop towels

K. Dry nitrogen
L. Soap solution
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

i - Cardboard
O

‘_i\v_ Applicator ’

(NOTE: Only use an epoxy which is compatible with fluorocarbon
refrigerants.) ’

622
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JOB SHEET =1

Mix the resin and (:f;mlyst together

Apply the epoxy to the area to he repaired

Place a drop light close to the repaired area

install gauge sef

Connect vacuum pump

Pull approximately 10" Hg. on the system

(NOTE. The heat from the drop hight will sometimes ceuse a slight pressure
increase 1n the sea’ed system which can create bubbles in the epoxy patch

and result in pinhole leaks A shght vacuum on thg system during the drying
process will prevent this)

Leave the hght on for apprommatel\; two hours
Allow system to set for twenty four hours
Pressurize with dry nitrogen

Check repaired area with soap solution
Discharge nitrogen

Evacuate

(NOTE. Check with, instructor about changing the filter-drier prior to
gvacuation )

Recharge system with refrigerant
Have mstructor check

Clean up and put away tools and materials

<
™o
wal
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. MECHANICAL SERVICING OIT DOMESTIC REFRIGERATORS
UNIT 1V

JOB SHEET #2 EVACUATE AND CHARGE A REFRIGERATOR
WHICH HAS ONLY A LOW SIDE SERVICE VALVE

I Tools and matenals

) Domestic refrigerator with low side access valve
Refrigeration gauge set

Calibrated charqing cyhnder

Refrigerant

Clean shop towels

Vacuum pump

-

Mercury manometer

I o mmoO ® >

Safety glasses

Pocket thermometer

—

Pressure chart
K. Soap solution

1i. Procedure

o~
H

A.  Put on safety 'g|asses

B. Pui refrigerant into charging cylinder (Figure 1)

FIGURE 1

- 119E
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JOB SHEET #2 \ : . .

C. Rotate dial shroud to proper refrigerant and presSure reading (Figure 2)

- a *
(NOTE The drum pressure will be indicated on the gauge which is on
top of the chserging cylinder.) ’

FIGURE 2

. ’

D. Close charging cylinder valve when refrn\gerant reaches the desired level

E  Close refrigerant drum valve

F  Set drum upnght . ‘
‘ St G. Place shop towe! around hose and loosen hose - .

H. Allow refrigerant to purge from hose l

Connect gauge set to low side service valve, charging cylinder and vacuum
pump (Figure 3) ’

Low Side Service Valve Gauge Set

FIGURE 3

:Charging
Cylinder

©
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Close low stde valve on gauge -set !

ACR I

JOB SHEET #2

Open low side {L\ITI(](,‘ set vdlve

-~

Open vacuum puthp “valve
/

Start” vacuum pump . &
, L 4 ) .
Propetly  evacuate

‘Penodically  check vacuurm puimp operation

Close vacuum pump valve .

+

Allow system to set for approximately ten minutes
13 .

Check compound gauge for a loss of vacuum
Open valve on charging cylmder

[4
Crack low side valve on gauge set -

(NOTE* Refrigerant should enter the system slowly so as not to wash the
oll vut of the comnressor ) o

+ .

Allow system pressure to rise to apprommatély 50 ps.t1.g

R
Start refrigerator ) .
Allow the rest of the refnigerant to enter the system slowly :
Keep the pressure out of vacuum while charging
(NOTE Systems with rotary compressors will sometimes run i a vacuum
for about thuty minutes and gradually come up to the correct low side
pressure )
Close charging cylinder valve :
Close low side valve on gauge set
Allow refrnigerator to run until freezer compartment s approximately 0°F
C&vck low side gauge pressure )
Check ;m*ss[m* temperdature chart
Have ‘nstiuctor check ' ﬂ,’
Remove gauge set

Check service valve with soap solution for possible leaks

Clean up and put away tools and maternials

' 0 o
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MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS
UNIT 1V T

JOB SHEET #3 EVACUATE AND CHARGE A REFRIGERATOR
WHICH HAS ONLY A HIGYH SIDE SERVICE VALVE . °

<.

Tools and materials

A" Domestic refrigerator with high side service valve

B Refrigeration gauge set

ACA Calibrated charging cyhinder
D. Refrigerant -
o
E. Ciean shop towels
F.  Vacuum pump N
G.  Mercury manometer
H. Safety glasses
| Open end Wrenched
J. F;;:/ket thermometer

K. Pressure ghart . - .

L  Soap solution

M.  Valve adapter kit
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JOB €fEi =3

P-ocedure

8]
O

£
Pat on osafety ghasses

g
Put 1 trigqerant into cnoraimy oy e {Frguie 1) -
=
A § 11
‘ ;
Filoe _ 0 i
i .
.
*
W

s £
Fotite ol sbroud to proner efrigerdns and pressure reading (Fiqure 2)
the qauge which 13 on

LT The i pressore wal o be o diated on

i

top ot the Jhagng v b
FIGUPE 2 y o4
3
t
|
i
1o
e
i
o \
o
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. JOB SHEET =3

E  Close refrigerart drum valve

F  Set drum upright

G. Place shop towel arourid hose and {ocsen hose
H  Aliow refrigerant to purge from hose

| Connect gauge set to high side service valve, charging cyhirder and vacuum
suimp (Figure 3)

{(NOTE If working with a Frigidare compressor the service valve adapter
will have to be installed first)

FIGURE 3

J Open high sige and low side gauge set valves

K Open vacuun pump salve

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 mnutes

‘ Q  Check corepound gauge for a loss of vacuum

620
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AA

BR

CcC

DD

Er

FF

JOB SHEET =3

Close low side valve on gauge set
Increase pressure in charging cylinder

(NOTE Some charging cylinders have a built in heater that can be plugged

. If the cyhinder does not have a heater use another heat source such

as a drop iight or heat yun.)

{CAUTION Never apply an open flame to any container which has
refrigerant in i)

Increase cylinder pressure to . ixiinum of 150 p s.i.g.
Remove heat from cylinder

Open charging cyhinder valve

Allow an of the refrigerant to enter the system

Close charging .yhinder valve

Start refrigerator

(CAUTION Never try to add refrigerant through a high side service valve
with the compressor running )

Allow refrigerator to r n until the freezer 1s O°F
Check condensing ambient temperature

Check high side pressure reading

Chock pressure temperature chart

Have nstructor check

Ciose or back seat high side service valve

Piice shop towel around nose to temove 1t

{NOTE 11 the service valve 1s of the - cess core type, place a shop tcwel
around 1t and remove the hose quickly )
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MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS )
UNIT IV
JOBR SHEET =4 CLEAN A SYSTEM AFTER BURN OUT

| Tools and materials
Domestic refrigerator

Refrigerant

A
B
C Capillary tube cleaner
D Torch

E

Silver solder flux

F  Sand cloth
G  Silver prazing alloy
H  Copper tubing 1/4" od

Flaring tool and block

J. Tubing cutter

‘ K Fiare nut 1/4"

£ Shop towels
M Safety glasses

N  Process tube adapters
O Refrigeration gauge set
P Retrigerant oil

Il Procedure
A Put on safety glasses
g Discharge refrigerant

(CAUTION Do not allow the refrigerant to touch your skin or eyes as
it will contamm ¢ )

C  Remove burned out compressor

D Remove hquid hine filter drier

. E Disconnect outle  of capitiary tube

631
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JOB SHEET #4

Remove process tube adapter

Place the process tube adapter on the compressor end of the suction line
Piace shop towel over open inlet tube of evaporator

Flush evaporator with liquid refrigerant

Attach capillary tube cleaner to the capillary tube

Force clean refrigerant oil through the capiilary tube

Silver braze capillary tube into inlet of evaporator

‘nswall new compressor

Install new filter-drier
Triple evacuate
Charge with a cahbrated charging cyhinder

Ha' » instructor check

_ AA Clean up and put away tools ang materials

129-E
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MECHANICAL SERVICING OF DOMES IC REFRIGERATORS
UNIT IV

JOB SHEET #5 CLEAN A RESTRICTED CAPILLARY TUBE

. Tools and materials
A Restricted capillary tube
B  Capillary tube cleaner
Flat file
Torch
- Sand cloth
Silver brazing alloy
Silver solder flux

Copper tubing 1/4" o.d.

Flare nut 1/4"
Shop towels
Two pairs of ship joint pliers
L Safety glasses
M. Tubing cutter
[ frocedure

A Put on safety y'asses

B Straighten the capillary tube

(NOTE" if a foreign particle 1s dislodged in the capillary tube 1t could
become lodged again if there i1s a sharp turn in the capillary tube.)

Gcore capiliary tube one inch in from end with edge of flat file
Place pliers on the capillary tube and break it

Cut a four inch piece of 1/4" copper tubing

Flare one end of 1/4" tubing
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JOB SHEET =5

G Place flare nut on tubing

H Polish the capillary tube

| Inseit captilary 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

Manud Capiftary Tube Cleaner

I <+—— Hydraulic Cap:llary
Tube Cieaner

A Have nstructor nspect hook up

N Force ol through the capillary tube

(CAUTION The gauge on the hydraulic capillary tube cleaner may be
dnmaged f too much pressure s apphed Check with instructor on proper
procedure to prevent damage )

O gRemove the cleaner

TJOTE  The short prece of 174" tuhing and the flare nut may need to
Le i ft on the capiflary tube for easy connection to the filter-drier )

T

Hage amstrnctor check

CooClean anoomd put away tools and mateals
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‘ MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS
UNIT 1V

.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  %and cloth
G. Safety glasses
[l Procedure

. A Put on safety glasses

B Ctean the surface

(NOTE The aluminum evaporator should be tilted slightly so that any traces
of ol in 1t 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 mh motion and heat rapidly unti! flux turns to hquid

G Melt rod onto the alurminum while keeping the flame on the fluxed area




JOB SHEET

H  Scrarchi the area with the rod as the solder begins to melt (Figure 1)

FIGURE 1 Rad Starting to Melt

Rod Rubbed Across Play Flame to
Renair Aro. Mantain Eveén Heat

©

¢

Keep the torch m moton until the entire area to be repaired 1s covered
;\- Lw o the solder to cool

R oowe the Hux residue with warm water and a clean cloth

GJOTE  1E mught be necessary  to pressunize and check for feaks )
Hise the astractor n‘.sg‘,uf:t

Clean up and rar snay ools and materials

ERI
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]
' MECHANILCAL SERVICING OF DOMESTIC REFRIGERATORS
UNIT IV
JOB SHEET =7 CHECK EFFICIENCY OF A COMPRESSOR MOTOR
. Tools and matenals . * ,
A Domestic refrnigerator -~
) B. Refrigeration qauf;e:* set
’ C  Ammeter, or wattmeter
D  Safety glasces \ 0
E  Pinch-off tool ,
F. Open end wrenches .
Il Procedure

A Put on safety glassec
B. Attach gauge set to system

‘ C Conhect ammeter or watimeter )
D Start system
E. Allow pressures to stahilize
F Use pressure-temperature chart to determipe the approximate nressures ,

COTE A onefficent compressor vl be indicated by g combiration of.
. 1 Hinher than normal suction nressure
2 Lover toan normal dischage pressure i (
3 Lo./er than rormag' current consumption )

G Haue instruCtor inspect
H Sttt off system
! Remove hoses from -ooess Jal/es using o snop toel to protect the skin

.

CLOTE Hoses Canrot e purgerd of refroonent pnor o berneg reme e from
ar ancess oore tyoe galio

J Riers ryge tomiuOracy tap wal s foused

Coear Wl arrb Ut aonsg 100is e ragterials
> Lay) PR /

=~
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ACR 11 - 137-E.
MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS
UNIT IV
NAME i

TEST . =~ : .

Define terms associated with the mechanical servicing of domestic refrl"gerators.
N
a. Compressar motor valves- ’

bh. Contamination-- .
c. Acdic-

List three types of leak detectors.
a
b.
c

Discuss the indications of a refrigerant leak. .

v

)

ot

63y




a
\ .
b. v
C.
A . .
* .
d. x .

. I3

Discuss the charactenstics :of a restiicted capillary tube. .

2

<
™ I
(S
.

yal




7. ©  List five characteristics of an overcharged system.

a. i ”
b. '

’ C. 4
d. . 0
e.

v
" 8. Discuss compressor motor bu7n out.
KRN . ! / ‘

»

9. ' List the twelve steps In cleaning a system after burn out.

ACR Il - 139
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10. Demonstrate the abihity 1o .

.

\ d Repor an evaprator with epoxy
> b Evacuate and charge a retngerator which has only a low side service valve
c Evacuate and charge a tefrigerator whach has onty g hugh side service valve

o Clean a system atter burn out

e Clean o ¢ weted capiflary tube

t Repar an evaporator by alununum brazing
q Check efficiency of a compressor motor

(NOTE If these activities have not been accomplished prior to the test, ask -

vour stuctar when they shoutd be completed )

A

N (\411 - ‘

i
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;l . ——” " %
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‘ MECHANICAL SERVICING OF DOMESTIC REFRIGERATORS
UNIT 1V

ANSWERS TC TEST 7

1 a Compressor motor valves Internal reed e valves inside the compressor
hich allow the tow pressure refrigerant t. enter the compression cylinder
and the compressed refrigerant to bz discharged

b Contamination -Foreign substance 1n a refrigeration system such as dirt,
ymoisture, ot other foreign matter :

C Acidic- Condition in which the refrigerant and/or otl becomes corrosive In

nature ;

‘

2 d Soap bubbles
b Halide toich
c Electronic

3. a.  Reduced cooling capacity

. Defimite hissing sound at capillary tube outlet

c Evaporator frost patt:rn s short

. d  Low wattage draw

) e Ol spots
4 d Defective sedled system components
. I+ ' Refnigerant charge

C Restrictions
5 d Recuced current consumntion

b Rr.cluced cooling capacity

|
|
=~

; Higher than normal suction pressure

T Lover than normal discharge pressure
' 6 Discussion shonld el e
o Purtial restriction
1 It ormattent issineg sound at capillary tube outlet
2! Partialb frostmg of - vaporator
!
‘ . 3! Froot on capitiny tube
A ) ‘ ‘)
Q f) PV
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. h.  Connect outlet of capillary tube to inlet of evaporator
i Install new comp.essor motor

i Install new hquid hine filter-drier -

k. Trple evacuate
l.

10 Performance skills evaluated to the satisfaction of the nstructor

Cha-ge with refrigerant
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TROUBLESHOOTING DOMESTIC REFRIGERATORS
UMIT Vv

UNIT OBJECTIVE

After completion of this unit, the student should be able to define troubleshooting and
list the steps In systematic troubleshooting, and prehminary checks to make when
troubleshooting domestic refrigerators. The student should also be able to discuss the steps
tn checking a nonoperative compressor motor and the procedure In troubleshooting a
frost iree refrigerator and diagnose refrigerator complaints This knowledge will be
evidenced through demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

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

1 Define troubleshooting

o

\Llst the seven steps In. a systematic approach to troubleshooting

3 List the six preliminarv checks to he made when troubles' Loting a
refrigerator.

4, Discuss the steps 1n checking a nonoperative cornpressor motor.
5 Discuss the procedure in troubleshooting a frost-free refrigerator.
b Demonstrate the abiity to diagnose refrigerator complaints.

145-E
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TROUBLESHOOTING DOMESTIC REFRIGERATORS
UNIT V

SUGGESTED ACTIVITIES

Instructor’

A.  rovide student with objective sheet.

B. Provide student with information and assignment sheets.

C. D ~uss u;m and specific objectives.

D Discuss information and assignment sheets.

E  Desiqn teaching aids to motivate the learning of troubleshiooting, sucr s
quimes hke concentration or bingo. )

F Have students review previous units of instruction such as motors, relays,
capacitors, mechanical servicing, defrost and component replacement.

G Give test

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

Included 1n th's unit

A

B8

C

Objective shent
Information sheets

Assignment Sheet 21- Diagnose Refrigerator Complamts

61,
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D.  Answers .0 assignment sheet
£ Test
F Answers tn test

I, Refetence Refgeration, Part 1. Benton Hatbor, Michigan. Whirlpoot Corp. 1974
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TROUBLESUGTIN G DOMESTIC RE FRIGEPATORS

UMIT Vv

HFQRATION SHEERT

Trout esnaotimnag A sy ematic anpraach i determurina the causes ot sauanment

taturs

arproach to troubleshooting

Stens o

B

A Knoe the

systemuatic

S/stem

B Tab to the custome:
C  Operate the aquipment
D MapLct the cauinment

I
£ L

possible cauges

F Rearh

a conclus on

G Test your conclusion

7 .

Prolminary checks to be marde when troubleshooting a refrigerator
A, Source voltage avad b

B Conr aressnr - G0 amperane

. .
C I

TrmoStal contacts «losing
anrlenger

TLOTE T rancenser should be cleaned or ¢ ery retnnerator s»vice jon |

c Frogt Leenmualation on ovaporato

o tnr opet ihinon

Step o chiecding d NONNNN e e COMNPrssSer motor

A ™ e gefrner e Do power souree ,
5 P, COIT e G “'wml: Starting components .

s ( ottt s tost ol

0 l St b D o sty

9
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INFORMATION SHEE‘T
Thermostat contacts r.wot closing
1. Check thermostat setting
2. Check sensing element location
3 Rep,.ace thermostat
C ndenser needs cleaning
1 Remove all dust and dirt accumutation \
2 Provide adequate air circulation around refrigeratoi
!
Frost accumulation on evaporator
1. Manually turn defrost timer into defrost cycle

{CAUTION Always turn the timer shaft in a clockwise direction.)
2. Check amperare
a. Correct amperage .ndicates defective timer

bt No amperage indicates:

1. Open heater

2 Open termmlmog thermostat
3 Open timer contacts

4 Broken wire

(INOTE The termination switch witl e open unless the freczer
compartment 15 down 1o 20F Most termeration *he nmostats npen
at approximately 50 F  and close at approximately 20 F )

3 Renlace dr focteye components

Monsrative fan motors Replace motor
\
CLOTE D An pvaporator motor hat os not tunming will credbs g con ! ton

coon o to g defocte o defrost coamt and a condenaer fanoone 0 T e

Py compressor o short oyote

E 65
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' A | TROUBLESHOOTING DOMESTIC REFRIGERATORS
) ' UNIT V

ASSIGNMENT SHEET =1- DIAGNOSE REFRIGERATOR COMPLAINTS

Write in the diagngses and coirections for the following refrigerator complaints

1 Compicssor motor will not start or hum when coinected to a start test coid.
¥
2 Defrost timer must be turned manually to imitiate 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. Compressni motor hums but won't start until the refrigerant 1s discharged.
|
) 5. No source voltage available to the refrigerator.
6 Freezer compartment has cooled down to 25°F and turning the defrost timer

shaft clockwise will not energize the defrost heater.
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-

stacked on
A

Condenser it fow restiicters, condenser fins are dirty and ther= are paner sacks
tep ot the rnigerator
v
\
-

fooa compartment and ta evaporator

o frosting he woty
\
\ 9

A voltmeta ebeck indhicates voltane available
fy ber o gencoated

to !
.
|

“e defrost beater bhut no

hoat

k4
. .
i Comprossor motgr val' onty hum when connected to the starting test cord .
\ : . ‘ R
\ . -
\ ‘
o
3 ‘ : ’
, _ . ,
! . .
:
| , ‘ :
. »
' ) .
\‘ B - ~ ‘ ':
\ \ 4 '
~
L]
.
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13 ;}/
TROUBLESHOOTING DOMESTIC REFRIGERATORS %
' UNIT V . .
; /.
/
ANSWERS TO ASSIGNMENT SHEET
Motor winding 1s probably oper. If the comprgrsor motor is equipped with an
internal overload allow the compressor motor to cool and recheck. !
Defective defrost tmer. Replace timer. /
Stuck relay--replace the relay. /
A high side restriction is creating too much load on the compressor mogr.
Replac: circuit fuse or resex circuit breaker and check refrigerator amperage draw.
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.
N -
Evaporator fan 1s not running. :
ki - R -
Defrost heater has an open circuit Replace defrost heater
'Compressor motor is stuck. Attempt tp start by reversing rotation or by adding
a start capacitor to the cncuit. <
i
° i
|
4
\\
\
-\
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ACR Il = 157-E ~

‘ “ TROUBLESHOOTING DOMESTIC REFRIGERATORS ”
T UNIT V ’ .

NAME o
TEST

s

1. Define troubleshooting.

2. List the seven steps In a systematiC approach to troubleshooting.

Ca.

g

b.

e.
‘ f. .
g.
3. . List the six preliminary checks to be rnade when troubleshooting a refriéerator.
. ¢

a. ®

b.

e.
f.

4 Discuss the steps in checking a nonoperative compressor motor.

) a. ’ <

$]
-

655
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d
J )
-
3
©
4
5
¢
1
Z
3
f
I -
1 2
2
)
) bl ‘
5 Dicuss the preeedure m troubleshootinng a frost free refrigeretor”
) No source voltige
: 1)
2)
b Comaressor motar ampeiage too high
1
21
3)
. . 4)
( Thermostat contacts not clostg
1)
. .
2
Q A ’
ERIC
‘ 6‘3»\1
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“d. Condenser needs cleaning

1)
2)

e. Fiost accumulation on evaporator

1)
2)
a) A
b) ‘
1)
2) '
3)
4)
3)
f.°  Inoperative fan motors

Demonstrate the ability te aiagnose domestic refrigerator complaints

(NOTE If this activity has not heen accomnhished prior to the test, ask your
instructor when 1t should be completed )
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-

3)

Frost accumulation on <2vaporator

Manully turn defrost timer in‘o cefrost cycle
Check amperaqe

al  Correct amperage indicytes defective timer

]
I3

by  No amperage .dicates

(n Open heater

(2) Qpen termmaton therinostat
(3)  @ren timer contadts

(4)  Broken wire . . o

Replace defective components

Inoperative fan motois Replace motor

4

6 Evaivated to the satisfaction of the instructor

ACH Il - 163E
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DOMESOC REFRIGERATOR iCT MAKERS
UrMIT. v

ULIT OBJECTIVE
*

After completion of this umit, the student should be able to match terms associated with
domestic refriqerator ce makers, rdentify thiree types of ice makers, wiring diagrams, 1ce
maker parts, and magich ce rigker nrobiems to checks and remedies The student should
also be gble to discuss the operation of 1ce makers and repair ice 0 <ers This Fnowledqge
will be evidenced through demonstration ond by scoring eighty-five percent on the unit

\

test

SPECIFIC OBJECTIVES

T fter completion of this umit, the student ould he ab'e to

, e 4
1 Match terms assocrated with domestic refrigerator 1Le makers to the cotrect
_ refinitions or descriptions i
2 tdentfy three ypes of ice makers
3 ldentifv the pictenal and schematic wiring diagrams for each of the three

cypes of ice makers

4 Discis. the operation of the c,escent shaped cube ice muler
.
5 Ident.'y the parts of a crescent shaped cube ice maker
5 Vatch the probiems of the crescent sheped cube ce maker o the chiecks
*
aird remedies

7 Discuss the aperation of the frve cavity ice ek

-? tden Ty e parts of the five cavity ieo malen

Y Datoo the qaoblor o 2f e five cavity 100 naker 1o the cortect rermiphes
. o1 Choeks .
#

“0 Do e operation of oo Hex wray o0 moker

11 et the problems of the flex tray oo poabor o the corre forer ey

[P ’ .
e Py by ot o cue e el compnonents

65

165k
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13.

Demonstr «te the ability to
y

1t

irstail o refriqerator ecrnpped with an ice maker

Dsassernble arnd ciean a waier fill vale

Replace thermostas in a crescent shaped cube ce mabar. -

Replace mold seal, bearing, «nd retamner in a five cavity ice mgaker.

Adjust water valve switch in a flex tray ice maker.

Replace mold hester in a crescent shaped cube ice maker.

<«
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ACR H

DOMESTIC REFHIGERATOR ICE MAKERS
UNIT VI

SUGGESTED ACTIVITIES

I Instructor
A Provide student with objective sheet.
B. Provide student with mfom'watuon and job sheets
C Make transparancies
D  Discuss unit and specific objectives.
t Discuss information sheets.
F. Demonstrate and discuss the procedures outlined n the jobh sheets
G Obtain ice makers for demonstration and practice
H  MNake test cords for operating ice makers.
| Give test
o Student
-+ Read objective shedt .
8 Study information saeets

C Comyie te gob steets

) Take fost
INSTRUCTIONAL MATERMALS
y .
o o s 1 ?
iy L*E),*‘f Lot
&1 inforration shaots )
. Transparency  nasters
| P01 e Mab e
o TAY 2 Voo Dreagrams Cres ent r:“d;,'“(i‘.(:\:lu' e e
r '
.
' L)
5655 '

167-E




3 T3 Wing Diagran s Frve Caniny dee Maker
i T4 Yoareg Doggrarns Flex Tray dce Mok
5H 115 Lnoscent Shaped Cube toe NMaker
’1‘ ) 0 T 6 Croscent Shaperd Cobe dce Maber (Contmae !
7 T 7 Creseent Shaped Cube lce Mlaker (Contir ued)
e Tr1 & Crescent ’%‘m;»éwi Cube lce Maker {Contaued) )
3 T21 9 Croscrnt Shaped Cube lee Maker (Continueds
1 T 10 “rescent Shaped Cube toe Maker (Contiraoed?
I T°0 11 Crecent Shaped Cube tee Maker (Contnied!
T T Crogcer t Toaped Cube tee Maker (Conteraec?
Tl SAT 13 R oF the Crescent Ghaped Cube fee Saker
e T U1 P, i s Fwve Cavity loe Makey
o S5 e Vol and Components
) s e .
7 i Ly taeet =1 tnstall o Refrgerator Equipped vt an dee Maker
’ fop Seees =2 Dronseinole and Clean g Water Fiil Vo
S o s Rep e Thermost i g o Cresent Shapedt Tube
ey MY by ’
‘ ' Jon Glent =0 Re e Y0k Seal Bewrmag, sed BEtare v Eive
Cy e Ml . \
T e = h Adpe Y ater Voo Seateton g Frexc Tra, doe Wit er

<

Foby s ot st e Do SO Heater o Crescert Shape 4 Cube

' “ \ vy 7!
G bt S saan Sintleont G 107
;o T of P A R TR AN Y Flectin, "o M,/ &

R S T Lytee b, “”.[)
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Teer oot S e O Giose i hians -

t\ Ty e oot oart of most ce vakers ovooi o e dce s frosen
£ o e 0 Dopas e o nto e storage bin ’

C o eio sinnper Partoor tee edae of te crescent shiped cube see mal or mold

—

ot onrevents oo cubes frany becoryaa Todged durig harveet

O Crescent oy halt oo shaped object
3 Coam S vt vraeed rotatog shutt woieh operaies another mechanism
‘ Ty oLnaer Gr Sueatehoarm :
J Do r e oprrnerate, o rakore {Transoerency D

A Ve, b s e he ee eroaker

CTe Trie 1o of e paker s onsed myoseveral different trands of
it e + ot e atene f ooy et by the A .,;[ g b Corg o
o gty ot e pdten o Tor R SNER N G AV AL A L0y

e ] e ® -
‘.) + 1 ' A ;\,Il\ (\‘ o 7"»; f
M - ! booes <
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- 3 - .
' o FORMATIONW SHEET
\ .
. \V [ eviry carm chnates Poding steiteh 1o normaltly closed postiion
. ' .. ¥
. . . R ‘ e [ -
O TE O e e binoas full, preventing the shat off arrr 1o fower, the
u.' ' 43
Shutoff switc! oadl not return to the normually open postfon and andther
. . o3
cyele vatl rot begin )
Vo Parts of a4 crescent Shaned cube we mak*(Tmnspdrency 13]
. .
r ' “ ’
: -~ A Front cover - .. i
B Llotntmg plgte - . .
- -
‘ 3
C Yotor . : ) . N .
- ’ >
A ]
2 . D Vater valve svateh : ; : -
b - ¢ »
’ ] Al N '}
.. E Holding switch - . o . 3
< "< ) - ) -, ' . - : .
. E. Timung cam - ) . -
L]
G Thermwstie clarap .
4 L
Caw _
. . : H,  Thermnstat .
. - - R
i Lover arm™ ’ -
: J St off arey sorimg ‘ .
N
. f
K Supsport ! . 4 RN .
: 1 . B
= 4 » .
L Shut off sweiteh .
o Guasbet . .
‘!)‘A N
N .
. . \ , . . . . N
. Yo ShLtoft e - - .
- 3
. ] . .
O Ll Bieater
- L ) .
’ ) . . i
’ M KRTRINZ!
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PVEORMATION SHgET

oo s abe e ke crobterss, checks, and remedies

feo gk on bttt

——

Lover Sitctaff o to fowest position
sack o voitae 10ogce maket

Clison drover teemerature, should be 1J. or less

Start moter canuaity tFiqure 1)

’\i“» L)
A
v omotor runs after manual start, check .
N ‘ ,
COOTE. Woen nakng continuty checks be sure ice maker s

Lo onnectadd fram pover source )

o, Toermostial tur ontsuty. .

b Contmeony "CToto NG of holding swiich

NOTE  [ecior biade snould be iy the starting positien when
mogban s gheck ~

\ Continnty "C7 oo "NO" on shut off switch
of Operatror of srotor with st cord
‘ >

Lo Lo complet cydle
. ' .
Froctsr tbiadee stopped ot 1 o ddock posttion

N Coek Moldsn svaton

Serto e e e
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ey

C

D

o)

Underszed 1ce cubes
& »

1

9]
4

3
4

5

N .
b Reploce Jv open component

: ACR 1

PINFORMATION SHEET

.

N n i oy, "
‘ Seoutt wve coptrinty betveen TCT and T NO
d Replace sviteh 1 open

Ewtor blades stopped at 12 o'cldek position

) ry '.“, .
N Lok shut off soateh .
. . 1 1" tt
b Should have cantinuity between "C" and "NMC e
C Replace +f open

Ejeg ton b{(mes stonped at 4 o'cloek positic

d Checi meater aod thermostat for “contimunty

INQTE If the ejectorlades will not stop at end of cycle the
holding switch s defectine )
™ '

Chech motd for level
Chec! screen- o wawer valve

Acljust water valve swtei
- \A .

/
Check bond berwveen thermostat and mI()|d

woech for corroston gt saddde valve

-
~ - .

Vearer spitls from o mold

4

2

A

4

Check mold for tevel
. » R t t
Checr for foak between fll tube and water miet

Checle veater valve for lealina vater through valve when nat
anprg zed '

Adjust water s ot

.

Water tails o enter muold

]

Cheek freeser tumperature

Chedl vater supply  complonents

Check filt twibr for sce blogkage -
a Chewr yater valve for seenage
» .
1\

66y
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Onerat on ot e five cavityace maker

A

(@)

-

Ve ety g maber
Soator froezey e ine o nobd

fre ke e pmestat (loses at 16 F -

FORMATION SHEFT .

b Creck Gl tube beater for contunutty

NOTE ot all refngetatons®are equipped it Bl tube

negters

4 Chogk water valve soleroid tor cononaty

Wit (e planger cutoon the water valve siyitch, check for
Contitiit, beteen U0 and "NCY ’

-

Loat syeecn contcty are oper dunma freezing (Figure 1

FIGLRE 1 L
v

_L;_

i -
I
i ,
\\v___/’ : -
Therr ostat « losing completes circuit to motor and mold heater
[} ] -~ . '
otor stalls until tae iee s loosened by the heater .
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ACR. I

. INFORMATION SHEET#

-
Cam rotates closing leaf switch #1 (Figure 2)

(NOTE The clusing of switch =1 bypasses the thermostat and the motor
operates regardiess of the rosition of the thermostat.)

OO

FIGURE 2 . O

.
.
é”/
| >
e
f\ & ~ .
|

Cubes are raised from the miold
Cubes are swept into the bin by the rake assembly

L]

Cam rotates closing leaf switch #2 (Figure 3)

FIGURE 3

- 175-E
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INFORMATION SHEET

After approximately s1x seconds switch #2 opens (Fiaure 4)

FIGURE 4

The actuator ieaf falls into open area on the cam terminating the cycle
(Fiqure 5)

1o

o) ]
FIGURE 5 O 0

Parts of the five «cavity 1ce maker (Téansparencv 14)
A. Mechanism cover
B Power cord

Test receptacles

Terminal shield

Feeler arm

Mold stueld

Fil cup




M.

T O

AA.

BB.

CC.

0D.

FE.

FF.

GG

ACR 1l - 177-E

INFORMATION SHEET

Rakts hnk arm - . :
Rake spring

Rake mnterlock )

Rake pivot

Rake assembly

Ejection pad

Mold bracket

Seal assembly

Molhd assembly

Qperating thermostat
L . -

On-Off lever”

- Plate ~

Thermostat clip
Actuator rod
Actuator assembly
Actuator spring '
Rake fulcrum-
Feeler arm switch
Leaf switch
Switch insulator
Motor assembly
Pivot eprirg
Puvot‘ stud

Feeler arm and rake lever

Cam assembly
N

N i
Rod-rake connector g 1

e
«x1
-




‘ INCORMATION SHEET - . _ .

HYT Ejettor fever arm
H Shoutder serew
3 Mold @ acten
KK Ejector o

L 4
L Fined duct
MR Safery thermmostat

X Five cavity sce maber moblenss, checks, aned remedies

A oot maxing ce ,

.

A4
—

No soutce voltage to ice maker
2 Manual switen turned otf

3 Chech tor adequate water supply

4 Feeler arm not down .
' 5 . Feelep arm swatch defective or out of adjustment

G Safety ti}(:yr!1;1§lnt open ‘

/- Operating thermostat open -check freezer temperature

) . 8 | eaf sattch broken or out of adjustinent
- 9 . Defective water valve solenoid .
10 Defective motor -
- Tl ] /
B Thabos tor, much e

1 Fecler anm broken

, s -4

2 Foelor arm switch defective or out of adjustment ’

o Witer overfills

1 Leaby cvater valve .

at

D Cubes nut ewecting properly .

;
i

‘}

;

‘

|

. . ¢ 1
o Voater tad e o tong ;
|
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4
5.
6

7.
8.

INFORMATION SHEET

e

Fill tube out of place
Leaking ejecter rod seal
ce maker not level
Thermostat stuck closed

Leaf switch contacts stuck élosed

D. Wil not eject cuoes

1

2.
3.

Stuck ejector rod
Broken shoulder screw

Broken :ake assem.tgly

E.  Wil{ not fill with water

1.
2. -
3.
4.
5'\

. 6.

D .fective water valve solenoaid
Bent leaf switch .
Restﬂcted water supply
Plugged water valve screen
Ice in fill tube

Loose or broken wire

E. Cubrs too small .

1.
2,
3.

4

Water fili time to short
Low waler "pressure
Partially: restr:icted water valve screen

Check for coriosion at saddle valve

X _ Operation of the fiex tray ice maker

A. Water enters ice tray

B  Water freezes in tray

C. lce maker thermostat closes at 15°F

D. Thermostat moves a lever arm which actuates motor switch

g* 1
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* 180-E -
| INFORMATION SHEET
. E  Motor starts tirming_gear mechanism
F.  Sensor arm moves down inte cube storage bin
(NOTE " if the 'stomqe bin s full the cycle will stop. tf the storage bin
ts not full the arm will return to 1ts origit al position and the cycle will
continue
G Cube tay beqgins to rotate
’ H At approximately 180 deqgrees one corner of the tray contacts a stop
N ! Skaft continues to turn twisting the tray
. J Tray stop s retracted )
K Tray s rapidly released from its twisted position shaking the cubes into
the storage bin
. L Tray contir »s_to turn untl 1t has completed a 36C degree revq|ut‘ion
Mo Water filt s tch s energized
X1 Flex tray i1ce maker problems, checks, and remedies
A lce maker will not start
- 1. Check freczer temperature, should be 15°F or less
2 Check position of sensor arm i
3 Defective sensiflg element
;1 Defective motot control switch
- 5 Check wning and cqnnector plug
B Cubes stuck together in storage bin
&1 Ffeser temperature control set to high
2 Defective sensing element °
} 3 Broken sensing element spring .
4 Broken spring on moter switch actuator
C.  Water spil's front mold
1 Check mold for ievel
) 2 Check placement of water fill tube ¥
.
Q G"?",

oo
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INFORMATION SHEET -

3. Check for leaky water valve
4 Adjust water fill switch,
5 Cubes not being ejected

D \Water fails to enter ice tray

1 Check for restriction in water line and valve fnlter'screey./\
2 Check for ice 1in fil tube

3. Check water valve solenoid for open circuit

4, Check xﬂ}atér 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 sts;ge
timing gear

- F. Undersized ice cuﬁbes:;' Z
1. Check r;wof\i\ for level
2. Check *for’ r‘, trictions 1n water supply ‘
3. Ad;ustAwater '\Il switch

" 4. Check for gprrc;s,ton at saddle valve
XI1.  Water valves and components (T\‘r\ansparency 15) . )
JA.  Saddle valve \

(NOTE* The saddl-e valve 1s ol the supply water line.)
\

B. Fill valve T
3

1 Filter screen

2. Flow washer

3. Solenoid coil

4 Valve body

— .

181°€
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Diaphragn

Arnvdtere

Shring

-

Gunde
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Ice Makers b
&
." .
. - :
“ k7~ Crescent Shaped
o Cube Ice Maker
o Five Cavny Ioe Maker >
v - c’..? I h 8
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R Wmng Diagrams
- Crescerit Shaped Cube Ice Maker

. .
cn \ B " 1l : .
. ) PiC[Uno. Mold Support
Mountnqg Plate /— 2 N
A ~ Y (T e \]
B . K 1 . Shut- | -

White (z>2)0ff |
Water . O O|Switch : . |
: Valve Motor o ‘ |

Switeh -

|
o ar"ge' I ‘Black [P
/\/\;2,\ J ’ @ Splice |

| ~
® " S
) Rlack| ~—H—— —— J
. Orange . White Mold Heater "
. ALY § |
; Bluek L 1an ;\/{11 7 Blue Thermostat
/ >
Receptacle (To Cahinet Wiiing) -
AN
A\ .. .
, : Schematic -,
” 115 Volts -, f 1
Thermostgt, 60 Cy,e ) A
¥4 . e A - .,_'i.___ﬁ
Shut-Off Swnch/‘g@ R VN Mold Heater g
; SNV WA e : =
gpr o Py
-_‘]_._, ”---—W
Water Solenoid Swntch———\x—_ﬁ M/t
otor
. va—@ o@ ,
Water Soleng: d I‘ : ."‘
t________ .
B = My o
. Holding Switch '
: oY ™ 2
| 6s¢




Wiring Diagrams
Five Cavity Ice Maker

Pictorial

Brown — T}

Leaf Switch

Brown

Mold Heater

¥ &
I\\\\/ (White)
Power Cord Plug

ACR Il -

Orange

~To Motor

White
K
i
§7¢ . (Black)

Test Receptacles

*

-~

Schematic .
Brown e ’
r Orange
White [.
# 2 Switch
#1 Switch 4
. 4 1300
' N ,/ or \\\
R s /175
Brown L © Blue {77777 Black
o f_%_f?_j'_ ‘_J—tf m\’,‘—
Safety Feéler Arm Operating \\ )
Thermostat Switch . Thermostat oo
. . Motor
Black Whee - | 550
8. T Test O. T Test Mold Heater .
Receptacle Receptacle
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Wiring Diagrams
Flex Tray Ice Maker

Pictoral

Water Valve Switch j
= § Motor
= l N

{

Motor Switch } IBIack
Ground To Motor

! Black

[ \ & Q@ Mounting Plate
| |

| i

Red ’ Green

White
Receptacle (To Cabinet Wiring)
- .
Schematic
Water Valve Switch
Receptacle (To Cabinet Wiring) : Red
Green l ¢<—— Totor Switch
‘:_L r‘-—‘ ' /l\
‘*_ME 1 X -+ Motor
|
L Red B
Black -
655
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Crescent Shaped Cube Ice Maker

'T‘ 115 Volts

60 Cycle

— A - a

Shut-Off Switch— Thermostat — Mold Heater

T
Water Solencid Switch——" _ Y _

|
| - | ¢
B
Water Solenoid [_C___A
— B [N
| S
Holding Switch—1
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Crescent Shaped Cube Ice Maker

(Continued)
A 115 Volts A
F 60 Cycle
Shut-Off Sw eh Thermora 1 Motd Heater
NQ
RC _@_W-
L
Water Solenoid Switch4 \
T |
. = O : Motor
[ 4
Water Solenoid"J L= |F ‘ : @

Holding Switch % \

r_____.l

Circuit After Holding Switch Is Contacted By Cam

i

685 ™ 6
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Crescent Shaped Cube Ice Maker

(Connnued)

115 Volts A
€60 Cycle

f — ~
Shut-Off Switch=T—__\ Thermostat

~——— Mold Heater

3l

Water Solenoid Switch -

p L0 e
; ‘ — Motor
) Water Solenoid"J '@

NO

Holding Switch

@%@

Circuit When Ejector Blades Cantact lce_

™ 7




ACR IT -

Crescent Shaped Cube Ice Maker

Shut-Off Switch -

(Continued)

115 Volts
*60 Cycle

>4 —

Thermostat

~Mold Heater

Water Solenoid Swiich 1

Water Solenoid—

1

Circuit When Cam Closes Water Valve Switch

197-E
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0 Crescent Shaped Cube Ice Maker

(Continued)

A M5 Vois 6. A T

- A0 Cycle

< 7 “
Shut-Off Switchd/r_\ ThErmostat‘

/ T Mold Heater

Circuit At End Of First Revolution




ACR i -

Crescent Shaped Cube lce Maker

(Continued)
f A
115 Volts
60 Cycle

Thermostat

*
( =T Mold Heater _

Shut-Off Switch- T _ X\ ____

Water Solenoid Switch -

Water Sotenoid

Circuit At Start Of Second Revoli.tion

639
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-®  Crescent Shaped Cube Ice Maker

(Continued)

A A

115 Volts
60 Cycle
F - N > - ‘
Shut-Off Switch—— X, Thern‘mstat —Mold Heater
4 S (e /

. |
Water Solenoid Switch+ —-——\

’ @2 o Motor
” NC \
Water Solenoid — < -

— _J

E

Holding Switch @;/l

" Circuit When Thermostat Opens I
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®  Crescent ﬁhaped Cube lce Maker

(Conhnued)

% 115 Volts A

60 Cycle
‘7 w4 | “ 4*
+.Off Switch +] Thefmostat
Shut Off Switch ::\ = /T Mold Heater
,NC

Water Solenoid Switch

' Water Solenoid =]

Holding Switch /@

Water

Circuit During Water Fill | L

¢ 69: :
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Parts df The Crescent Shape Cube Ice Maker

Bearing And Inlet \ Shut-Off Arm
Ejector Ice Stripper

Support
PP Lever Arm

Shut-Off Arm Spring

Shut-Off Switch
Water Valve Switch

Mounting Plate

Front Cover

Thermostat

Thermostat Clamp

Mold Heater
Holding Switch

= 69
ERIC* 69
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'Partr& The Five Cavity Ice Maker - /

Rake Sprmg , . ) . *
ferminal Shield

Q

Fdl Cup Test Receptacle

Feeler Arm
7 =~
(( Py Rake g /\'
i " N Interlock =

. —Rake Pivot
Mold Shield

Retainer
Rake Link Arm

" On/Off Lever

Ejection Pad

Mold ‘Bracket _,//'
- o

Retainer Washer
Bearing

Mold Heater

«

) Operating
Thermostat

Heater Clamp

Ejector Rod
Bearing

-

<— Finned Duct

Plate

Clip

\_ .
Ejector Lever Arm

Thermostat

Actuator Rod

Actuator Asm,

<—Feeler Arm

.[/m

Switch

ActuatOr
<~ Spring

Leaf Swutch

Spacer

Bolt

Safety-rhermo/“ati
\P/\
Rod-Rake Connector x

=

t"§&.

~——Power Cord * T

%
Plvot Spring

Pivot Stud

Cam Asm.

s "Shoulder Screw

Feeler Arm And Rake Lever

Mechanism

- Cover
‘ witch Insulator  #

pi Motor Mtg.

-

Motor Asm.

«

1 4oV

3-60¢C -
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& ACR I1.- 211-E
- - Water Valves And Components
" Fill Valve
Solenoid B
~Flow ersher . . .
| R\ Fill Valve Body - -
| ~Filter Screen |
. - ‘ (éf—ﬁmde
~ Spring—3
G«_Armature
Diaphragm»@
\
*
Saddle ‘
Valve
. -
TV 15
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. s DOMESTIC REFRIGERATOR ICE MAKERS
UNIT VI
. JOB SHEET =1.INSTALL A REFRIGERATOR EQUIPPED WITH AN ICE MAKER
I. Tools and matenals
.
o
‘. ) A. Refrigerator equipped with an ice maker

! B Reil of 1/4" o.d copper tubing

C. Water line saddle valve . ' ' }
D. Two open end wrenches . Y
"E,  3/8" dnll motor : N .

F. 5/32" and 3/8" dnll bit
, ¢ G. Standard slot type screwdriver

H. Ship groove pliers ‘ /

. Tubing cutter

L 3
NG

Procedure

-

A. Place refrigerator in proper location

B. Level ice maker
C. Locate cold water supply line

t(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.)

69
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JOB SHEET #1

Place saddle valve on water line (Figure 1)

FIGURE 1
Gasket

Supply Water Line

Saddle Valve
Cor.ipressign Sleeve

Compression Nut

Be sure that the inlet of valve 1s securely in hole in water line
Check to see that the gasket is in place

Measure distance from water supply to water( fill valve
Add an additiona!l 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" hcle for the tubing to go through.)

Connect tubing to saddle valve
Make three or four loops in tubing behind refrigerator (Figure 2)
1 s

(NOTE The loops m the tubing allow the refrigerator to be moved out
for cleaming or repair.) ,

v

FIGURE 2

Rubber Spacers

fce Maker Water Fill Valve
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N. Clost valve stem on saddle valve
O Tur on main water supply
P Close faucet that was opened to drayy water iime
0 Place a contaner at the end of the water hne
R Open valve stem o saddle
? Allow o small armount of water to run through the line to flush it
T.  Close valve stern on saddle valve
] Remove any panels that may be necessary to gain entrance to -water fill
valve
V. Connect water hne to fili valve
W Turn on saddle valve )
X Check for water leaks
!
Y  Replace any panels that were removed
Z. Have minstructor check stallation
AA Cle.an up and put away tools and natenals .

JOB SHEET #1

699




ACR I

DOMESTIC REFRIGERATOR ICE MAKERS
UNIT VI

JOB SHEET #2-DISASSEMBLE AND CLEAN A WATER FILL VALVE

Tools and matenals

A. Ful valve

@

Phillips screvsdriver

C. Standard slot type screwdriver

D Pocket screwdriver

Proceduore

A. Use a pocket screwdriver tn remove filter screen and flow washer
B Remové solenoid

C. Remove plate from top of valve

D. Remove guide, spring, armature and diaphragm

t

(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 [f it does not fit properly water witl flood the ice compartment.)

H. Have insttuctor check

Clean up and put away tools and matenials

- 217k
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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 matenials o

A , Crescent shaped cube ice maker

B Stardard slot tyme screwdriver

C  Philhps screwdnver

D. Side cutters

E.  Wire connectors

F. Alumilastic
Il.  Procedure

(NOTE. Ice maker should be out of the refrigerator white this procedure is
being dore.)

. 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 Fiqure 1. Do
not remove anything else from the mounting plate.)

FIGURE 1 I

ERES

N
Screw Mounting Holes ——

C Move mounting plate and attached components out of the way
D Cut thermostat wires

E. Remove screw from thermostat clamp

. F. Remove thermostat

-1
OO
| S
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JOB SHEET =3 | .

G. Clean off old alumilastir from: ice maker mold

H. Put alumilastic on new thermostat

? Place thermostat in pbs:tnon

J.  Replace thermostat clamp and screw

K. Connect thermostat wires

L Have instructor check

M. Replace mounting plate :
N. Replace front cover

‘ 0. Clean up and put away tools and matenals

Iy

70
O
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ACR I

. DOMESTIC REFRIGERATOR ICE MAKERS
UNIT Vi

JOB SHEET #4 -REPLACE MOLD SEAL, BEARING,
AND RETAINER IN FIVE CAVITY ICE MAKER

Tools and maternals

A.

B
C.
D

J.

Fiwve cavity ice maker

Seal remover (Robinair #14368)

Retainer washer installaticn tool {Robinair #14173)
Standard slot type screwdriver

Phillips screwdriver

Seal assembly

Retainer remover

Silicon lubricant

9/16" box end wrench

* 1/4" nutdrniver

Procedure

(NOTE. lce maker should be removed from the refrigerator when this procedure
1s being performed.)

A.

Remove mechamsm cover

{NOTE. This cover is held on with two plastic plugs, one at the tap and
one at the bottom.)

Remove terminal shield -

Remove ejection pad screw

Rotate cam until the shoulder screw is at the 12 o'clock position
Remove shoulder screw

Remove pivot stud

Remove ejector lever arm from ejector rod

Remove ejection pad

Shde ejector rod out of the bettom of the mold

- 221k




JOB SHEET #4

)
‘

J. Remove metal retainer washer from mold
(NOTE In order to remove this washer without damaging the mold, a
special tool i1s needed which s available from Rcbinair #14368)
K. Remove bearing and seal
L. Clean the recess in the mold and inspect
M Apply a smatl amount of silicon lubricant to bearing and seal recesses
N.  Apply a small amount of silicon lubncant to shaft hole in mold, new bearing,
seal and the shaft of the installation tool
Q. Place retainer wastier, bearing, and seal on installer
(NOTE The retainer washer should be' placed nn the installer with the
“crowned” side against the shoulder of the tool.)
P Insert tool in mold and position the retamner washer in mold recess
Q  Place thrust washer, thrust bearing and hex nut on installation tool (Figure
1)
- Retainer Washer Installation Tool
FIGURE 1
;
<— Mold Assembly
-4—Retainer Washer
Bearing
“0" Ring Seal
L_._\ hrust Washer
% Thrust Bearing
wh—Hex Nut
R.  Seat retainer by “.ghtening hex nut

R




AA.

BB.

cC.

OD.

EE.

FF.

GG.

HH.

JJ

- ACR i

JOB SHEET %4

Remove installer and inspect retainer washer

(NOTE" If the reta.ner 1s property seated the washer will be flattened.)
Inspect ejector rod for‘rough spots

Install a new bearing on ejectc;r rod

Place a small amount of silicor, lubricant on ejector rod

Insert ejector rod from bottom of mold

Put ejector rod all of the way down

Place ejector pad in bottom of mold

Check clearance 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 ror fit.)

Tighten screw in the center of the pad

Move rod up and down to check that pad doesn't bind on moid
Insert gjector lever in siot of ejector rod

Replace pivot stud

Replace shoulder screw

Replace terminal shield

Replace mechanism cover

Fill mold with water and check for leaks around ejector rod
Have instructor check

Clean up and put away tools ang materials

705
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DOMESTIC REFRIGERATOR ICE MAKERS
UNIT Wi

JOB SHEET =5 ADJUST WATER VALVE SWITCH (N A FLEX TRAY ICE MAKER

| Tools and matertals
A Flex tray ice maker n refrigerator
B Standard slnt type screwdriver
C qutamer graduated 1n CC's, such as baby hottle or medicine hottle )

It Procedure

A. Manually start ice makinqg cycle (Figure 1)

1. Push tray fock lever towards tray
2 Turr tray clockwise until gears engage
3 Cycle will continue once started

Fl

Switch Actuator Must Be Down Push Toward Tray Shaft To Unlock Tray
For Motor To Operate

B Haledl the contamer under fill spout

C Catch the water as it 1s disnensed towards the end of the cycle
D  Check contamner, 12 should have 200 cc's of water in 1t

E Remove plug on nght hand side of ice maker

F Insert screwdriver into adpusting screw slot

706
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JOB SHEET =5H

/ G. Tum ‘“““S“”” screw one ummlw revolution changes the water sunpiv
20 cc's (Fiqure 2} - o

1 Clockwise decreases

SO 2 Counter clockwise increases -

FIGURE 2

Switeh Actuator

H Have nstructor check .

I Ciean ap and put away tcols and matenals

Ly

o

., 70
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DOMESTIC REFRIGERATOR ICE MAKERS
‘ UNIT VI '

JOB SHEET #6 REPLACE MOLD HEATER .IN A CRESCENT
SHAPED CUBE ICE M/}KER

Tools cnu materals

A Crescent shaped cube 1ce maker
B. Mold heater

., Standard slot type screwdriver
D  Phitlips screwdrniver

E.  Side cutters

Procedure

A Remove ice maker from refrigerator

s

B. £ 'aow ice maker to warm-up to room temperature and then remove cover

{(NOTE. If the ice maker 1S not at room temperatu;'e some of the plastic
parts may be damaged when attempting to remove them.)

C Remnve 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 ,
F,  Remove thermostat from mold
G. Cut mold heater wiies

L3

A1
H  Remove the four b}hs that hold the mold to the support housing
! Remove mold from support housing
(NOTE Be careful not to destroy the thermostat gasket )

J Pry the old mold heater out the bottom of the mold

K ¢ 1 the old alumilastic from the mold groove




228-¢ .
N s [y
. o+ L4
" ’ JOB SHEET =06 )
® »
L Install oow beater using retamer_screws (Figure 1)
INOTE  Replucormont hoaters are secured with screves which are tncluded
- Y Le

. with - the heater kit Tho holes for the screws ard dnlled there at the factory )

ERIC
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FIGURE 1 }« X

o

— sy

-

M Clean old alumilastic from mold thermostat recess and from thermostat
N Connect mold to support housing
' (NOTE Be carefu! not to damage the thermostat gachet ¥

0O  Put new alumilastic on thermostat

3

. . P Instal! thermostat and clamp

QO Connect new heater wires

R Replace mounting plate

K S Tighten mounting § te SCrews

.

T.  Replace ice stripper

s

U ‘Have mstruct: + cheeck
V. Replace ice maker in refrigerator
W Manually start 1ce maker into cycle

) X Clean up and put away tools and materials




A

I. Terms and definitions

A

. conditioners bearing their seal A\
Il.  Window air conditioner data plate

- A

WINDOW AIR CONDITIONER REPAIR
UNIT 1 '

INFORMATION SHEET /

E.E.R. (Energy Efficiency Ratio)--Ratio calculated by duvudnng the cooling
capacity in Btu/h by the power input in. watts at any given set of ratmg
conditiuns, expressed in Btu/h per watt

N.E.M.A. (National Electrical Manufacturer's Association)--Sets voluntary ‘
standards for motors and appliances

U.L. (Underwriter's Laboratories)--Tests air conditioners to see that they
meet the clectrical safety requiremerits of the American National Standard
for air conditioners

A.H.A.M. (Association of Home Appliance Manufacturers)--Certifies the
heating and cooling capacity ratings and electrical inputs of all air

N

Model nymber V‘ ) -

Serial number

- C. Refrigerant type and amount
/ D: F.L.A. {full |6ad amperage) A
- E. L.R.A. (locked rotor an.nerage)
. F. Wattage )
G. E.E.R.
H. N.E.M.A. and/'t;r 'J.L..ap'aroval
. Btu/h capacity .
. * 11l. Compressor motor data plates , * !

(NOTE: Th. information provided on a compressor motor data plate wﬂl be
needed in ordering a replacemant compressor ‘motor.) .

Location of data plate

1‘.- Top.of compressor maotor -

-2. Side of compressor m>ior




Operating Thermostat ———>

C.

ledentify the pictonal and schematic w.

of fce makers.

Safety Thermostat

Mold Heater

'

115 Volts

Orange Thermostat 60 Cycle
/b‘, - —P - - -
Shut Off Switch - Mold Heater

To Motor
White )

Water Sotenoid Switcy—=—

(Black}  water Solenoswd /f::z

Test Recepte-les Holdmg_ Switch

v {White)
Power Cord Plug * B

Receptacle (To Cabine. Wiring) ’

Qreen ‘
L n:l‘{r

. /——Water Valve Switch

- Motor Switch

{‘/ﬁed R
|
§
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"

. Mold Support
Mounting Plate

( )
, /‘\
Water '
Valve ‘ Motor /
Switch
‘ SN
)
(&) i\ y | E
g AT :
c A
k_ . N A . N/ iR
Hotding — JJ
Switch L N
Orange White Mold Heater
Blue Tan e > / Thermostat
N T Blue) -
Receptacle (To Cabmet’WTnng),’
’ ~
d. .~
= ‘ - ~~
~
Brown .
rd Orange
White [.
t # 2 Switch
#1 Switch 1 |
-
- -2 ro——--- q
' " Brown ] ' Blue 777777
Safety Feeler Arm 'Operating
Thermostat Switch Thermostat
s
L Black White

S. T Test 0 T/ Test Mold Heater
Receptacie Receptacle




232-E
\
Water Valve Switch —#
e SN Motor'
, € .
' '3 '
Y Pt
. Biack
Motoi'Swnch
§ Black Ground To Motor
g‘ : 7~ Mounung Plate
’ k) S R
‘ : Red ¥ ] )
R Y = . R Y o0 G
b St = reen °
Red .
Cownee .
° v Receptacle {To Cabinet Wiring) *
{
4 Discuss the operation ot the crescent shaned cubes ice maker
*
-
L)
710 :
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O

.

ERIC

Aruitoxt provided by Eic:




tdentify the parts of the crescert shaped cube 1ce maker.

. 6. Match the problems of the crescent shaped cube ice maker on the left tc the
remedy or check on the right.

—_

a 1) Ejector biades stopped at Undersized
10 o'clock position ice cubes
a) Check holding switch
b) Switch plunger depressed
c¢)  Should have continuity
between "C" and "NO"

2 Water fails
to enter mold

d) Replace switch 1t open 3. Ice fnaker
2) Ejector blades <topped at won't start
12 o'clock position )
4, Ice maker fails

a) Check shut-off switch

h) Should have continuity
between "C" and "NC"

c¢)  Replace 1f open

3) Ejector blades stopped at

4 o'clock position

a) Check huvater and thermostat
for contrunty

. bh) Replace the open component

to complete cycle

5. Water spills
from mold

714




2)
" . 3)

5)

c. 1)

3)
4)

5)

2)
3)

4)

5)

e. 1)
2)

3)

4)

Lower shut-off arm to lowest

position

Check for voltage to iwce maker

Check freezer temperature,

should be 10°F or less

Start motor manually

If motor runs after ~panual

start, check. /"q

a) Thermostat for continuity

b) ntunuity "C" to "NC" of
holding switch

¢) Continuity "C" to "NO" on

, shut-off switch

d) Operation of motor with

test cerd

Check mold for level

Check screen in water valve
Adjust water valve switch
Check bond between thermostat
and mold

Check for corrosion at saddle
valve

Check freezer temperature
Check water supply components
Check fill tube for ice blockaqe -
a) Check water valve for seepage
h) Check fill tube heater

for continuity
Check water valve solenoid
for continuity
With the plunger out on the
water valve switch, check for
contnuity between "C" and "NC"

Check mold for tevel

Check for lrak bhetween Hhll
tube and water niet

Check water valve for leaking
water through valve when not
energized

Adjust water switch
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1. Discuss the operation of the five cavity ice maker.

W L e L
b

-l
it

e

P

+N

DR N S S
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Identify the parts of the five cavity ice maker.




/

Match the problem of the five cavity ice maker on the left to the remedy or

check on the

a 1)
2)
3)
4)
B)
6)
7)
8)

b. W
2)

3)

4)

c. 1)
2)

2)
3)
4)
5)

6)
7)

8)
9)
10)

2)
3)

2)
-3)
4)
5)
6)

right.

Leaky water valve

Cubes not ejecting properly
Water fill time too long
Fill tube out of place
Leaking ejector rod seal
ice maker not level
Thermostat stuck closed
Leaf switch contacts stuck
closed

Water fill time too short
Low water pressure
Partially restricted water
valve screen

Check for corrosion at
saddle valve

Feeler arm broken
Feelér arm switch defective
or out of adjustment

No source voltage to ice maker
Manual switch turned off

Check for adequate water supply
Feeler arm not down

Feeler arm switch defective or
out of adjustment

Safety thermostat open
Operating thermostat opén--check
freezer temperature

Leaf switch broken or out of
adjustment .

Defective water valve solenoid
Defective motor

Stuck ejector rod
Broken shoulder screw
Broken rake assembly

]
Defective water valve solenoid
Bent leaf switch
Restricted water supply
Plugged water valve screen
Ice in fill tube
Loose or broken wire

-

718
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Makes too
much ice

Will not
eject cubes

Not making ice

Will not fill
with water

Cubes too small

Water overfi‘lls
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Discuss the operation of the flex tray ice maker.

o
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ACR Il - 239-E

Match the problems of the fiex tray |ce maker on the Ieft to the remedies and
checks on the right.

2

a. 1) Check for restriction in water 1. Water spills
- line and valve filter-screen from mold :
2) Check for ice in fill tube
3) Check water valve solenoid 2, Makes too
for open circuit much ice
4) Check water valve switch
5) Check wiring and connector 3. lce maker Will
plug \ not start

b. 1) Check mold for level
. 2) Check for restrictions in
water supply
3) Adjust water fill switch

4.  Water fails to
~ enter ice tray

- 4) Check for corrosion at saddle 5. Undersized
/ valve ice cubes
c. 1) Check mold for level 6. "Cubes stuck
. *2) Check placement of water fill . together in
- tube storage bin -~

3) Check for leaky water valve
4) Adjust water fill switch '
5) Cubes not being ejected

d. 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
13 =2) Defective sensing element
3) Brokem 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

tdentify the water valves and components.

720
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% 13. . Demonstrate the ability to: - \
a. Instail a refrigerator equipped with an ice maker. ' .
. .
b. Disassemble and clean a water fill valve.
c. Replace thermostat in a crescent shaped cube ice maker.
* . Replace mold seal, bearing, and retainer in five cavlty 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 .o
. your instructor when they should be completed.) :
- . , - ,
° 4
- - - o
: ( '

- 721
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.DOMESTIC REFRIGERATOR ICE MAKERS ‘ .
’ l:JN'T Vi .

- - ' N 7 - o

ANSWERS TO TEST )

-

.4 B :

2 ¢

Fiex tray ice maker

Crescent shaped cube ice maker

Five cavity ice maker» . -~
N <

Pictorlal, five cavity ice maker '

Schematic, crescent shaped cube ice maker ° :

[ .
Schematic, flex tray ice maker P

Pictorial, crescent shaped cube ice maker

Schematic, five cavity ice maker

Pictonial, flex tray ice maker

Water enters ice maker

Ak,

Waterjreezes in mold

lce maker thermostat closes at 18°F

Circurt 1s completed to motor and mold heater
Motor starts, turning timing cam and ejector blades

Timing cam moves holding switch to normally oben position

'E;egtor blades reach the ice and apply pressure ,//

Timing cam raises and lowers the shut off arm and switches the shut-off
switch to normally closed

Ice 1s loosened by the mold heater and i1s scooped out by ejector blades

' 70 o -




L4 : : . - @ ~
, . Timing cam closes water vaive switeh ‘ ‘
. " ) 1

]
’
. - . «
. k. Fust ravolution ends with ice resting on blades b
. I o ) ) .
- .- i Thermostat_remains closed ' _
T . ‘ : ' ’*
f . ) . +m  Timing cam actuates holding switch to normally closed position
e . r B A
i \ N .+ n  Second revolution heqins . - .l
! \ . 0 . N L
sg . . 0] Timung cam again noves holding swetch to the normally or2n position
et < .
3 b Shut-aft arm rases and lowers swiitching shut-off switch to normally closed
3 position ‘ : ’
v > -
K3 L} . 2 AN} R -
# Q lee s dumped into storage bin , . .
7 - - e . S : .
o y lce maker thermostat opens-50°F ) .
5. Mold heater 1s. disconnected . i
. , & . . .
t Timing cam closes water valve switch .
u.  Water valve solenoid 15 ‘energized )
3
v. Water enter® the ice maker-mold
w  Timing cam actu»‘s holding switch to nermally closed position® . .
/ \
| 5. a.  Front coever ) . -
. . , . “ Vv
. 7. . . . "
b.  Mounting plate : . 7 oo ‘
¢ Motor ' — e
.. . . . :
¢.  Water valve switch . , .
. . \ - A - 2 -
p.  Hoiding Swltﬁh .
A . )
f Timing carh :
- ’
q.  Thermostat clamp * )
h.,  Thermosia '
: v t > .
i N )
. Lever arm . * .
j Shut off arm spring ' .

k  Supnport

i Shut off switch R . .
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. m  Gasket .
n Shut oft arm g
0. Mold heater
7
o p. Molid i
q. ey ~
7 . r lce stripper s
s.  Water inlet .‘ :
‘ 6 & 4 hd
b, 3 N
c. 1 .
\ d 2
e ~ 5

‘ 7 Discusston should include”

Water enters ice maker

[a¥}

. b - Water freeces n the ni d

I lce maker thermostat closes at 16°F

of Lenf switch conwicts are open during freczing

o Thermostat closing completes circait to motor and mo'd heater
o

i Moton stalls untii the 1ce 1s loosenad by the heqtm
g Com rotates closing lear switch #1
o Cubes are raised from the mold
Cotes are swvept mmtn the hin hy the 1ake assemblv
j Cam rotates closing leaf switch =2
=1

k After approximately six seconds switch =2 opens

e f. The actuator leaf fails imto open are o0 e cam termim ding the cydle

ERIC - 7Y

Aruitoxt provided by Eic:
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-
’ 8. a. Mectianis™ covei
i o =Py ooad
- - » ) -‘/
« Tost receptacles . .
%] Ternupel shanid S
. I3 Ferbor arm
i Mold sy eid
8 Fiit cun
- 8 Rake 10k arm
‘ R b spri-
, Rake nterlock :
! .
1
K Mok v
' -
Ba e asombiy
- ' bprotiea yard .
" Tlonn bt ket
: 0 Seal cesomibly
.
: nle pseinbly
iy Oper g tharmostd
' In (4\?' ‘,w\/;f )
. 'J' S - ’
Thornd wrat chp
U Aopatorn o
. Letvgtor es,ombly )
) ,
A tudgtor sanng
I
R Hulerom
, Foodor ey oo pieh
/ (AN )
:,|’ ' ’\”’I ot )
o NN i /
\ nr ' AN
oL R ;
/

ERIC

Aruitoxt provided by Eic:
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bb. Motqr assembly
cc. Pwot spring
dd. Pivot stud . . .
ee. Fee;|er armm and rake lever,
;}ff. Cam assembly
::igg. Rod-rake connector
hh. Ejector lever arm
. Shoulder screw
1i.  Mold heater
kk. Eiector rod
1. Finned duct
mm. Safety thermostat

9. a. 6
b. b
C 1
d 3
3 2 -
t 4

10 Discussion should include
3 Water enters l.ce tray o .
b, Water freezes In trav‘ .
c. lce maker thermostat closes at 15°F
d Thermostat moves a lever arm which actuates motor switch
e, Motor starts turning gear mechanism
f.  Sensor arm moves down nto cube storage bin
g Cube tray bhemins to rotate
h. At approximately 180 degrees one corner of the tray contacts a stop
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1.

12.

13

ERIC

«

t. Shafr continues to turn twisting the tray
] Tray stop 15 retiacted

k. Trav s rapdly released from its twisted position shaking the cubes into
the storage bin -

I, Tray continues to turn until it has comnieted a 360 deqgree revolution

m  Water till switch 1s enerqgized

a 4 d 2
b 5 e. 6
c i f 3

a Saddle valve
h.  Filter screen
¢ Guide

d Flow wwasher
e, Diaphragm

f. Spnng

g.  Armature

h.  Solenoid cotl
f Fill valve

Performance skille evaluated to the satisfaction of the instrictor
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FUNDAMENTALS OF WINDOW AIR CONDITIONERS
UNIT |

UNIT OBJECTIVE

™ After completion of this unit, the student should be able to match terms associated with
window atr 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 10 current carrying capacity.
7 identify parts of the window.
8 List seventeer: steps tn the procedure for installing a window air corditioner.
9 Discuss major components of \;Vnndow air conditioners.
10 Demgnstrate the abitiy to install @ window air conditioner.




. Instructor:
i A. Provide student with objective sheet.
B. Provide student with information rand job sheets.
C. Maknr transparencies.
D. Discuss unit and specific objectives.
E. Discuss information sheet.
F. Demonstrate and discuss the procedures outtined in the job sheet.
G. Obtain several different brands of window air conditioners for shop oractice.
H. Give test.
! Student
A. Read objective sheet.
B. Study information sheet.
C. Complete job sheet.
D. Take test.

A.
B.
C.

ACR Il

FUNDAMENTALS OF VQIJlNDOW AIR CONDITIONING
NIT |

SUGGESTED ACTIVITIES

INSTRUCTIONAL MATERIALS

. Included in this unit:

'Objectnve sheet

Information sheet

Transparency masters
1. TM 1-Window Air Conditioner Cabinet Parts
2. ™ .2--W|ndow Air Conditioner Pa-ts

3. .TM 3-Window Parts

4, TM 4 Major Electrical Components

- 3-F




AT

S e TR Ay
MO R

D. Job Sheet #1--Install a Window Air Conditioner
E. Test
F. Answers to test

References:

A. Refrigeration, Part /l. Benton Harbor, Michigan: Whirlpool Corporation,-
1974,

B. Room Air Conditioner Installation, STM-65. Dayton, Ohio: Air Temp
C.wsion/Chrysler Corporation. ’

L
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FUNDAMENTALS OF WINDOW AIR CONDITIONERS
UNIT I

INFORMATION SHEET

*

Terms and -definitions

A.

G.

Functions of-a window air conditioner

A
B
C.
D
E

Window air conditioner--A refrigeration device which is placed in a window
or through thé wall to control temperature, humidity,-cleanliness, and
movement of air in a limited space -

|
Slinger ring--Metal ring on the outer edge of the condenser fan blad'es which
picks up the condensate and sprays it across the condenser

Escutcheon--The decorative cover panel on the control panel

Condensation--Liquid which occurs when a gas or vapor is cooled below
its dew point

Sash--The portion of a double hung window which slides up and down

Caulkfng compound--A heavy paste used for sealing a joint to make it air
or watertight

Air filter--Device for removing impurities from the air

°

\

Removes sencible heat from the room air

Lowers the humidity by removing moisture from the room air
Ventilates by providing means to introduce outside air into the room
Filters the room air as it passes through

Circulates thé air in the room °

Window air conditioner cabinet parts (Transparency 1)

(NOTE: There may be some slight variations to these parts by different
manufacturers.)

A.

B
. C.
D

Cabinet
Sash angle gasket
Sash angle

Window seal

731 ’
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i W,
T,
L]

AT
b

T o mm

L.
M.

B
C.
D

INFORMATION SHEET

Sash lock bracket
Side channel window
Side panel .

.

Seal bottom of side panel

Side channel cabinet -

Cabinet seal
Support ‘bracket
Sill channel

Sill sral ~

1V. Window air conditioner parts (Transparency 2)

A,

Compressor
Evaporator
Condenser
Blower motor
Motor mount grommets
Condenser fan
Evaporator fan
Filter
Front grille
Thermostat
Control switch
Dua! capacitor
Compressor mount
-

Control panel -

Control panel escutcheon

Power supply cord -

AN

~
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INFORMATION SHEET

.- V. Receptacle design and volt-amp requirements

A : --115 volt; 15 amp .

TR

. --230 volt; 15 'amp
° ° - ' -
\_—

-

»

B.
C. --230/208 volt; 20 amp

s

° , /I\ '

(NOTE: This receptacle is obsolete and is being replaced by the receptacle
under "D".) ¢ ¢

D. ‘2307208 volt; 20 amp
@
aEn—
E. : --230/208 volt; 30 amp
| @

--230/208 volt; 30 amp .




8F .

" 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
A . '
(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 us2 any supply voltage wiring smaller than 12 gauge. |f running
more than 50 feet of conductnr check for voltage drop.) y

VII. Parts of a window (Transparency 3)

(NOTE: These parts are for the common double hung window.)

A. Casing"® , . .

B. Frcme
€. Sash

D. s |
1
E. Apron |
|
VI, Procedure for wnstalling a wingow air conditionar |
' |
~ A. Attach side charnels to wigdow casing . |

B. Artach side channels to cab:net
C. Attach sil 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 1

G. Attach support bracket to cabinet .




o v ey .
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. ‘ INFORMATIOI\(SHEET

H. Cut filler panels 1/8 inch smaller than space (Figure 1)

& \ (NOTE: Undercutting the panels enables them to slide in easier.)
- | ! |
i ‘ : |
H -
FIGURE 1 ) ’
E Filler Panel " ‘ B
@ ~ - |
s | . |
\‘ — i
; ) |
Air Conditioner Window Casing |
i . Slide side ﬁanel into channels ‘ .
) . (NOTE: BeLfore the side panels reach the window sill place thg-bottom
. seal- on them.) ° -
' J.  Lower sash.
K. Install sash lock brackets (Figure 2) .
& . i

: : |
A ~ FIGURE 2 Bracket A/ .
\ '

L. Fasten cabinet sash angle to sash

n

M. Place window seal in place

. N. Install cabinet seal _ !




'

IX.

INFORMATION SHEET ) .

O. 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.)

P. *Caulk around outside of window

Q.. Install front grille

-

Major components of window air conditioners (Transparency 4)

. I3
T

A.  Compressor : ‘ ) .. ~ -
1. PSC (Permanent split capacitor)
2. No relay and start capacitor

B. . 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. Fan motor mndense/r_ﬂd evaporator

1. _ Double shaft

2. Two or three speed

D. Dual run capacitor

1. Compressor

2. Fan ' -
E. Thermostat .
¢ .

1. Line voltage

2. Cvcle compressor only

F. ‘Controi switch

1. 7 Oﬁ'/off switch for entire system ' - ‘

2. .Fan speed selection switch, ' b




® " o e
Window Air Conditionar | |

Cabinet Pa

s

v ‘ndow Sea\t//;,/,’;;;//%‘______ Sash Angle
%//;;v ‘:_,L—//// o ;/t;
Sash Lock Bracket > T T~ «— Sash Anale Gasket

— | ’Fl}
Side Channel

" Cabiriet -
aoine l Wincow

17 Side Panel

Seal Bottom of

Side Channe!
Cabinet

<  Side Panel

\) ~ Cabinet Seal

Sill Channel

Sill Seal

- 1l 4OV




AN Window Air Conditioner Parts

Blower Motoi

Motor Mount Grommets
Condenser Fan

Evaporator Fan

Condenser
Evaporator

Compressor

‘ | : P
Dual Capacitor \ @ N e Control Panel
<) @ U 1j'4——— Control Panel Escutcheon
Compressor Mount —. & : J P
D -~ » e |18 -
R T Power Supply Cord

Controi Switch Thermostat
739

740

- 1l 4OV
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Window Parts

Casing / /

Frame

T 3GL - 11 4OV
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o e ‘
PPl
%o ‘
2 ~.
. : .
| . / ' - ‘ ‘
" s
’ <
-

| - Major Electrical Components

Thermostat )
y 4 »
Fan Motor Dual Run Capacitor Reiay Capacitor =
749 Hard Start Kit 743 5




FUNDAMENTALS OF WINDOW AIR CONDITIONERS
UNIT |

JOB SHEET #'-INSTALL A WINDOW AIR CONDITIONER

. Tools and materials
A. Standard slot .ype screwdriver
B. Scatch awl
Caulking gun
Caulking compound
E. Flexi'ble tape measure
F. Hand saw
Procedure
A. Carefully uncrate air conditioner

B. Remove shipping bolts and brackets

C. Slide air conditioner out of cabinet
D

Locate window in which air conditioner is to be installed

Attach side channels to window casing

Attach side channels to cabinet

Attach sill channel and seal to window sill
Attach sash angle and gasket to cabinet

, Center cabiret in window
Attach cabinet to sill channel

Attach support bracket to cabinet




JOB SHEET =1

L. Cut nller panels 18 inch smuailer than space (Figure 1)
INOTE Undercutting the panels enables them to shde in easier.)
FIGURE 1
B Filler Panel
—
Ay Conditioner Winc ow Casing
M Shde side panet mto channels
(NOTE Before the sule panels reach the window sill place the bottom
seal on them ) .
N Lower sas!
0. Install sash tock brackets (Figqure 2)
§
FIGURE 2
Bracket
AR J
l ! !n
p Fastor eabiit sash angle ro sash |
1
Q  Place windovy seal in place |
|
R Shide air rorditioner into cabinet 1
|
S

stall cannet seql .

T
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JOB SHEET #1

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

V. Install front grille

N 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
/
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FUNDAMENTALS OF WINDOW AIR CONDITIONERS
UNIT |

* NAME

TEST

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

a. Liguid 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 ¢ conditioner
condenser fan blades which picks up the ‘
condensate and sprays it across the 3. Caulking . ]
condenser Compound

c. The decorative covkr 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, humidity, 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.




Identify window air conditioner cabinet parts.

3.
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-~
4 Identify window air conditioner parts.

>

q

R

\\ ||

“) m W’“
N

. ' /ﬁ, l
. & t' NN
®
I,
\ m. By
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>
.

1

5. Match the volt-amp requare;..ents on ‘tne right to the correct retgptac]es. ’ . ‘

& - ”r.~‘ . ~ .o
.

- 1. 230/208 yolt; 30 amp

B 2 115 volt: 15 amp” .
;o , 3. 230/208 volt; 20 amp - . . -
. ' 230 volt: 15 amp « - - =
b. :
..
.C.
/
u.
—— )
. e.
f. .
-
/ ! ‘
- 2
S Q
ERIC 3

Aruitoxt provided by Eic:
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. . 6. Match the wire size on the right to the correct éurrent carrying capacity.
) ____a. 40 amps 1. 10 gauge
b, 20 amps. 2. 12 gauge
’ ____c. 30 amps - 3. 8 gauge
'7 Identify parts of the window. ”

o
%
.

?

=
~

751
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p.

‘q.

a.

Compressor
1)
2)
Hard start kit
1)
2)
Fan motor
1)
2)
Dual run capacitor
1)
2)
Thermostat
1)
2)
Control switch
1)

2)

75

Discuss major components of window air conditioners.

i




10.

ACR Il - 29-F

Demonstrate the ability to install a window cir conditioner.

(NOTE: If this activity has not been accomplished orior to the test, ask your
instructor when it should be completed.)
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d.

‘Gl seal
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<

FUNDAMENTALS OF WINDROW AIR CONDI'I:IONERS
UNIT |

ANSWERS TO TEST

5 e. 6
1 f. 7
4 g 3
2 - °

<
Removes sensible heat from the room -air

Lowers the humidity by removing. moisture from the room air

Venfitates by providing means to introduce outside air into the room

Filters the room air astit passes through
Circulates the air in the rnom

Cabinet

Sash angle gasket,

Sash angle
Window seal
Sash lock bracket . ~ 1
Side channel window ¢ ; ' |
Side panel

Seal bottom of side panel - . - . ' .

>icdde channel cabinét
Cab et seal . ) .
Suppo‘rt bracket

Sitl channel
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4. a. Compressor

b. Evaporator

c. Condenser

d. Blower. mot - i
e. Motor‘mount grommets

f. Céndenser fan

g. Evaporator fan

h.  Filter ’
i. Front gnile " ) .
I\ hermostat

k. Control switch
I Dual capacitor
m. Compressor mount

. n.  Control nanel

o} Contro! panel escutcher:

p. Power supply cord

5. a 1 d. 4
L 4
b, 2 e. 3
" c. 1 . 3 .
. 6 3. 3 -
.7 ™ £
L] H ?
c. 1
+ & - .
. ’ 7. a. Casing =
. b, Frame
c. Sash
: &
d. Sl
e. Apron v
lyR=G) . &
( Qv
' '
- o
Q . . *

EMC ; ’ ' ' . ‘ , -

PAFullToxt Provided by ERIC




. 8. a3 Attech side channeis 19 window casitiy
) N

b T Arttach sde channels “o cabine®

1

¢ Attach sill enapng and seal to window il
) & Atrach sash angle and gasKet to camner

Center cabinet /e

Atia~h cabinet 1o sl channel

4

- Atrach support hracket te cabingt

N

o h Cat Aler pane!s 1 8 inch sma'ler than

: Stice sige panel (into charnels
' oL sash
L tnstal. sasr deoek bLirackets

| Feton cabinet sash angle to sash
5 Poure awindow seuloin piace
tagtae 0ot s gl
. ’ Lok to see that the bare of t ca anet tils J-“flx"'”“/ "

B Caox cround autsde of window
’ ‘ v feart ortlie
. : 7
3, oo o Ve e i’
O prag oy
“ SO ID A . ’
| PRC Permanent Sprit Copactt o)
: 7 Tl pet gy anet st s anitor
e targ bt
N i Porenogl 1ols,
.
3
i DUt G LaCH,
.
s 1 E . -
i f} LR 1 A “{”"l"'!l\‘ : ’ ¥ “‘,\.: "'(‘ ‘){
RIS Pt

Toe L oo

th b v e s

ACR i - 33F

Chard




d.  Dual run capicitor
1 Comnressor
. 2} Fan
e,  Thermostat -
L
o 1 Line voitage
2| Cycle compressor only
f Control switch
N On/of swntch for entire system
RN -
. o~ 2} Fan s.oeq selzetion switch
o N
10, Dortormance kil evalnated to the satisfaction ot the instructor
1/’
/
“
I3 » K7~.. B
. " oo,

.
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WINDOW A!R CCNDIT!IONER REPAIR
UNIT Hl

UNIT OBJECTIVE

After completion of this unit, the student should be able to match terims to the correct
definitions, discuss data olates, identify schematic components, and match window aw
conditioner problems to remedies and checks. The student shou!d also be abi> to check
components, clean a c-ondenser, replace-a 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. N

SPECIFIC OBJECTIVES ’

After -completion of this umit, the student should be able to

1. Match terms associated with window air conditioning to the correct
definttions. -

2. List the mine items-of mformation given on a window air conditioner data
plate

2. Discuss compressor motor data plates.

4- Identufy schematic components

5. satch window aihh conditioner problems to remedies and checks

6. Demonstrate the ability to-

«

a Check control switch w.th an ohmineter.

e Clean a condenser,

L]
( Repiace a-fan motor
fd iInstall & hard start kit :
4
1 33




|qstructor:

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 mfprmation sheet.

F. Demonstrate and discuss the procedures outlined in the job sheets.
G. Give test.

Student:

A. Read objective sheet.

B. Study information sheet.

C. Complete joB sheets.

D. Take test.

ACR I

WINDOW AIR CONDITICNER REPAIR
UNIT I

SUGGESTED ACTIVITIES

INSTRUCTIONAL MATERIALS

Included in this unit:

A.
B.
C.

D,

Objective sheet
information sheet
Transparency master:” TM 1--Window Air Conditioner Schematic
Job sheets
1. Jobt: Sheet #1--Check Controf Switch wi.th an Ohmmeter

2. Joby Sheet #2- Clean a Condenser

37-F
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3. Job Sheet #3--Replace a Fan Motor

4, Job Sheet #4--Install a Hard St'égt Kit

E. Test
F. Answers to test
References:

A.  Room Air Conditioner In-Shop Service. STM74. Dayton, Ohio: Air Temp
Duwvision/Chrysler Corp.

B. Refrnigeration, Part //. Benton Harbor, Michigan: Whllrlpool Corp., 1974.

™




A.

II.  Window air conditioner data plate

- Al

A.

WINDOW AIR CONDITIONER REPAIR
UNIT I '

INFORMATION SHEET /

I. Terms and definitions

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 .

N.E.M.A. (National Electrical Manufacturer's Association)--Sets voluntary
standards for motors and appliances

U.L. (Underwriter's Laboratories)--Tests air conditioners to see that they
meet the clectrical safety requirements of the American National Standard
for air conditioners )

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 AN

N

Model nymber = L

Serial number

C. Refrigerant type and amount
j D: F.LA. (full load amperage) ™

; E. L.R.A. (locked rotor an.nerage)

i F. Wattage )
G. E.E.R.
H. N.EMA. and/or U.L. aporoval
l. Btu/t‘w capacity .

. * 1ll. Compressor motor data plates , *

(NOTE: Thv information provided on a sompressor motor data plate quI be
needed in ordering a replacemant compressor ‘motor.) .

Location of data plate
4
1.- Top.of compressor mutor

Side of compressor m>ior

ACR Il -
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B.

informat:on on data plate

‘ compressor motor manufacturer which s generally d

. INFORMATION SHEET

L

1. Compressor motor model number

2. Compressor motor serial number - .
3. L.R A. {locked rotor amperage) .
4 F.L.A. (full load amperage),

{(NOTE: Not all manufacturers include this information on their
data piates.)

_5. Voltage . /

6.  Phase : | ‘.

7. Cycle (hertz) - o ,ﬂ
8. Horsepower

9. Letter codes J

o

a. Motor manufacturer

+
h. Month and year of manufacture

- T v

c. Shitt D

d. Plant
ot
(NOTE. The information pertains only to the compressgr motor and the *
itferent than the
equipment manufacturer.)

Schematic components (Transparency 1) -

A‘

B.

Control switch
Fan motor , _ . )
Fan motor run capacitor’ \

Compressor motor run capacitor

(NOTE: These two capacitors are often encased in one container and are -

referred to as a dual capacitor.) e

=

Thermostat
Bimetal wverload

+
Compressor moter P SC.
- -

4

N
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A v o provided by i

B.

-?

A. Air conditioner will not run

1.

2.

-

3.

* \

INFORMATION SHEET

,

V. Window air conditioner’ problems, remedies, and checks

/

. -

Check voltage at receptacle
Replace fuse or reset circuit breaker .

Check voltage at control switch

Fan motor runs, but compressor motor won't

1,

i 7\

(N‘OTE: The start capa tor angl potential relay will only exist if they

~
R

Check thermostat.

-~

Check campressor motor wiring

<

Check run ~capacito-: o !

Check overload -

ACR Il - 41-f

N

Check for low voltage at compressor motor terminals ¢

Check start capacitor °

Check Qotential relay
Ty

been added for hard starting problerns.)

C. Air conditione: ¢ircuit protection device opens

i

1.

L2,

J 6.

7.

.

q

Check . wiring . (
A3 - ~

Cneck for shorted capacitors.

Check for stuck or grounded compressore:

Check thermostat for short cycling

) ‘ | i
Check compressor motor starting ability

(NCOTE: . If the sompressor ‘motor appears hat 1o start a hard
start kit may nzed to-be added to the system.) LB

7 -
A [ *
Check startsrig and ruaning amperage \

N )
Check size of circuit protection devicer

-

!

have

/-




-

. B . .

INFORMATION SHEET .

o/ D. Compressor motor short &cles

\
»
T~
.
3
-
:

. .

-
1
e
N

o

Q

ERIC “ :

PAFulToxt Provided by ERIC

Check for low voitage

@peck (or sufficrent air flow across condenser

et
-~ » N

Clean, condepiser
Check location of thermostat sensing element

Check amperag\e draw and overload

E. Air cgnditioner vibrates ‘cr rattles

Check for shipping bolts and blocks

Check for refrigerant lines against the cabinet

. ¢ ‘\‘ | 3 Check for loose panels or components ;
h ' \i 4. Chei:k f‘jn' mlo.px\ alignment ’-
. | 5. Check “ar foose fan tiades or hubs
¢ o ¢ - F. Water -leaks from air conditioner :
/ - " 1 T back of eabnet downward
b hJ ]
-7 L, 2. Cteen condensate drain J/
R IRE Check for leaking in evaporator drip pan |
. 4 ’ 4. Checlk for ice on evaporator
G. Nons;“ fan
- . 1. _Check for f{an llsfting shroud -
- T 2. Tightan -‘fan hub on shaft
« o 3., Check fan blades
4! Check fan mounting ‘
) ‘ H.  Air condm'cner‘ 1s not cooling properly
. " 1 Clzan air filter
. . ’ 2. C'ose outside ar intake
3 Chack for blocked condenser

Cioae condenses

754 |
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5.
6.

ACR Il - 43-F

INFORMATION SHEET

Check to see that the compressor motor is running

Check refrigerant charge{/ and pressures

I. lce on evaporator

1.
2.
3.
4,

5.

Clean air filter

Checuk fan motor operatidn

Check refrigerant pressures

Clean evaporator »

Check thermostat setting

J.  Compressor motor runs but fan won't

1.
2.

Check fan blatle for binding
Check wiring
Check selector switch

Check run capacitor

Check fan motor




7
tl ‘

b

-

Window Air Conditioner Schemaﬁc,

Neutrai
220 Vac a
\:J Med. Fan Motor
Low >
High E30
I . Fan Motor Run Capacitor

! __}YcontroI'switch

Thermostat

Bimetgl
Overload

- R
Compressqr Motor PSC
Run Capacitor

Compresssor
: Motor

I 4OV

46y -
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WlNDOW AIR CONDITIONER REFAIR
. UNIT 1l . .

JOB SHEET #1-CHECK CONTROL SWITCH WITH AN OHMMETER

I. Tools and materials
A. Control switch

B. Ohmmeter o

o

Window air conditioner
* . ca D. Sorewdriver
!E . M ; i
. Long nose pliers

F. Matkirg tape

II.  Procedure
R [ ad
/\ (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 i

s

or pen markings will easily rub off of duct tape.)

.B. Remove wirés from switch
C. Remove switch from air conditioner
D. Piace ohnmeter in the R x.1 position . . ’ .

E. Zero ohmmeter

. F. Attach one.ohmmeter lead to L1
@. Place switch in the "off" position

* H. Touch the other ohmmeter lead to terminals (1, 2, 3, and 4) one at a
time

. Watch meter when touching each terminal

(NOTE: If the needle moves when touching any of the terminals the
contacts are shorted and the switch must be discarded.) .

" . ' J. Select the high fan position on the control syjtch

764
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Aruitoxt provided by Eic:

N

Z.

*

JOB SHEET =1

Touch unattached lead to terminals 1, 2 3, and 4

&

(INOTE Conunuity must orly be indicated between L1 and #4)

ik

Select the low fan positton on the control switch
AN

Touch unattached lead tz; terminals 1, 2, 3; and 4

(NOTE Continuity rrust only be indicated between L1 and #3.)
Select the high cool pos.mon on the control switch

Touch the unattached lead to terminals 1, 2, 3, and 4

(NOTE Continuity must only be indicated between L1Fand #2 and L1
and =1.)

Sele.t the normal cool position on the control switch

Touch the unattached lead tu termunals 1, 2, 3, and 4

(NOTE _ Continuity must only be ndicated betweer L1 and #4 and L
and™#1) : ‘

Select the fow cool position on the control switch .
Touch the unattached lead to ternunals 1, 2, 3, and 4

(INGTE  Contimuity must only be indicated between Ly and -3 and Lq
and =17

Resistall tontrol switckh in air conditioner -

INCTE 1f the switch was found to be defective in any of the checks above
it shoutd be replaced.) /

Connest wires to switch
Have structor chrec
Connect air conditioner to electrical power

1

Start anr conditiuner and check various switch positions

Vs

Stop airr conditioner o

Discornect air conditioner from electrical power

AA Clean up ard put away ools and mdtenals

Mou




WINDOW AIR CONDITIONER REPAIR
. UNIT I

JOB SHEET #2--CLEAN A CONDENSER

3

ACR Il - 49-F

-

Tools and materials
A. Window air cond'_tioncr
_B. Plastic bag a
C. Degreasing solvént
D. Water hose
E. ' Spray nozzle
Procedure T~
f.. Remove air conditioner from cabinet
(CAUTION: Always have help when lifting heavy awkward objects.)
B. Set air c0nditjoner close to a floor drain or cutside
C. Wrap fa.n motor with a plastic bag -
(NOTE: If water enters the fan motor i.t will be ruined.)
D. Remove screws which hold condenser to fan shroud
E. Carefully swing c.ondenser’jou; (Figure ‘1)
FIGURE 1

“h

(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

250_4
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Aruitoxt provided by Eic:

JOB SHEET #2

-

H. Attach water hoses 10 hydrant

(NOW;E if using hot water be sure the hose is designed for usce with hot
water.) :

-

I. . Attach spray nozzle to water hose

J.  Spray condenser with water (Figure 2)'

FIGURE 2

NI/

K Tilt arr conditioner sideways so water will run out

1

L. Remove plastic bag from fan motor R -
M Dry all electrical components with a“shop towel

N. Garefully move condenser back into proper position

O Replace screws which rold the condenser to the shroud

P.  Have insiructor check

Q. Replace air conditioner in cabinet
& -

¢ - .
R Clean up and put away tools and materials

*

-
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WINDOW AIR CCNDITIONER REPAIR
UNIT Il

JOB SHEET #3-REPLACE A FAN MOTOR

I. Tools and matenals

® A’ Standard slot type screwdriver

B. Phillips screwdriver

C. Nutdriver 1/4"

D. Open end wrenches

E. tLong nose pliers

F. Hex key wrenches
S ’ G. Ammeter

Ii.. Procedure

. . A. Remove air conditioner from cabinet

- B. Loosen set screw in evaporator fan hub (Figure 1)

FIGURE 1

.

C.' Remove motor wires from control switch

D. Remove screws which hold condenser to fan shroud

- f) B
7 fw -




Aruitoxt provided by Eic:

- 52 F-

JOB SHEET #3 ] i .

E. Carefuliy swing condenser out a shght amount {Figure 2)
‘ . »® . : L
FIGURE 2 :
- o .o
) . .
F. Remove set screw f«'(')m conc‘ienser fan hub ’ ’ ’
G Shde condenser fan off of motor shaft . 1
' H Remove bolts that hold the fan motor cradle to the ar conditioner
. Remove motor and cradle (- > . ’
J  Check dwrection of 1otation ] .
K Check for proper shaft length . .
{(NOTE A shaft” wiich 1s too long may be cut off with a hacksaw but,
be sure the dircction of rotation 1s correct before cutting off the shaft.) )
L. Remave motor from cradle e
M Place new motor in cradle J
:\1 Align motor shaft with evaporator blower hub , N
0. Replace fan motor cradle bolts
P.  Lubncate ;notor shaft ~
Q  Shide condenser fan on shaft ‘ ' j
R. Check to be sure that fans do not hit the shrouds ) -
S Tighten fan set screws
(NOTE" Care should be taken o be sure that the Lset screw is against the
flat part of the shaft.)
T. Remstall condenser ito position

I L

-




-
Aruitoxt provided by Eic:

ﬁ‘; .

W
\
w..
X
¥
Z

4 0

JOB SHEET #3-

‘.

Rifplace ‘screws which nold the condenser to the shroud

s

Place wires- on control switch -
s - ..
Turn fan by hand to be sure the condenser fan is not" hitting
. - - 7 ) N A
Have instructor check™ "+ =~ o ' t
. . Replace air conditioner in cabinet '
- ) &
Check® fan motor operation and*amperage.
.-
- ‘\ e o
k]
® -
. : ) \
1
. P |
\
A Y
774 [
74 .
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WINDOW AIR CONDITIONER REPAIR-

o\ UNIT li . X R \
L . . .
JOB SHEET #4--INSTALL A HARD éTAF.T KIT . . SN
v
-Toals and materials
A. Window air conditioner ,
B. Start capacitor with bleed resistor
C.~ Poteptial rela A : ' 'Y
\ y ’ . &~ . ° ~
D. Standard_slot type screwdriver ) .- . \
E. Phillips screwdriver - \ (‘ v :
F. 14 gauge stranged wire ‘
G. Wire connectors ~ ..
H. Side cutters - ) .
I.  Crimping tool .
J. Ammeter .
® T
K. Ohmmeter . .
Procedure ' - . ’ '
» A. Remove air conditioner from cabinet » \ '
B. Install relay and start capacitor in control compartment )
. . P
C. Study wiring diagrams (Figires 1 and 2) )
FIGURE 1 Pows: Card Swten . , '
. @g -
. “ b! The mcstat
tound ¥
i
e N L_%ﬁ
L/ White hd
c a é RunéCanamm ’a;'. \ .
Lompressor Terminats E E N
C ran ire E E Cond 9‘ Evap
> g./mecigz‘v:'wo' g E C Fan “Aotor
TR et e <
g ( - Start Capacitor
:'I---I--u' Relay '/\S led L_.
"As Rea'd ~.- -

»

[
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JCB SHEET #4

.

Thermostat

Neutral
—220 Vac -+ .
b —— A
- Med. Fan Motor

Low

' Switch

— o — et

-

A
Bimetal
Overload

——— ' 0
! . ﬁH| h

-
—J

Fan Capacjtof

- |

Connect other side of start capacitor to Jine voltage termina) of run capacitor

or run terminal

Connect a wire from #2 on relay to start on compressor motar ,

Connect a wire from #5 on relay to common on compressor motor

Have instructor check ~

PSC

Compresssor

LY

«Connect a wire from #1 on relay to one side of start capacitor

2

Connect ‘air conditioger_ to electrical. power

Place ammeter in highest

scale

Connect ammeter aroupd the start wire

Turn on air conditioner

(NOTE: Starting amperage should only last a

77

'
LRV

Yew seconds.)




JOB SHEET #4

€heck running amperage
Have instructor check

Stop air conditioner

Disconnect air conditioner from electrical power

Install air conditioner in cabinet

Clean up and put away tools arid materials

. 51.F
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WINDOW A.R CONDITIONER REPAIR

UNIT I
NAME *
TEST
1. Match the terms on the right to e correct definitions.
a. Tests air conditioners to see that they 1. N.EM.A. ' i
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 thé power input in 2 U.L. (Underwriter's

Laboratories) ' -

N ’ watts at any given set of rating
_ conditions, expressed in Bta/h per watt 3, AHAM.
. : . (Association of
‘ c. Certifies - the heating and cooling . Home Appliance
capacity ratings and electrical inputs of Manufacturers)

all air conditioners bearing their seal
Y 4, E.E.R. (Energy
d. Sets voluntfary standards for motors and ~— Efficiency Ratio)
appliances ‘

2. List the nine items of information given on a window air conditioner dataplate. .




60-F

3.

4.

Discuss compressof ‘motor data plates.

Identify schematic comp. .ents.
Neutral




5.

ACR Il - 61-F

v 1

Match 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 starlmgu

ability
6) Check starting and runnmg
amperage
7) Check size of circuit protection
- device -

b. -1} Clcan air filter
2) Close outside air intake
. 3) Check for blocked condenser

4) Clean condenser

5) Check to see that the compressor
motor is running

6) Check. refrigerant charge. and
pressures

¢. 1! Clean air filter
2} Check fan motor operatron
3) Check refrigerant pressures
4) Clean evaporator
5) Check thermostat setting

d. 1) Check thermostat

2) Check compressor motor wiring
3} Check run capacitor

4) Check overload :

5) Check- for low, voltage st

compressor motor terminals .
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
dfip pan
4) Chedk for ice on évaporator

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

10.

Compressor .
motor short
cycles -

Water leaks from
air conditioner

Air conditianer
will not run

rw conditioner
crrcurt protection
devnce 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




1)
2)

3)
4)

5)

1)
2)

3)

a)
5)

1)
2)
3)
4)

Check for low voltage

Check for sufficient air flow across
condenser

Clean condenser

Check location of thermostat
gensing element

Check amperage draw and overload

Check fer shipping bdfts and blocks
Check for refrigerant lines against
the cabinet

Check for loose panels or
components

Check fan motor alignment .
Check for loose fan blades or hubs

Check for fan hitting shroud
Tighten fan hub dn shaft
Check fan blades

Check fan mounting

Demonstrate the ability to:

a. Check control switch with an ohmmeter.

b. Clean a condenser.

c¢. Replace a fan motor.

d. Instai! a hard start kit.

'(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 CONDITIONCR REPAIR :

UNIT 11 ‘ ! Y
ANSWERS TO TEST - )

5 ' <
1 a 2 )
b. 4 .
c. 3 )
g d. 1 )
. 2. a. Model nun":iber
% , b. Serial number
% c. Refrigerant type and amount -
Ez\ e d. F.L.A. {full load ampérage) . -

e. L.R.A. (locked rotor amperage) \ )

f.  Wattage - ~ ‘
? g. E.ER. .
h. N.E.M.A. and/or U.L. approval \
: ‘ i, Btu/h capacity | ~ ) L
% 3. Discussion should include: ~ i
E #a.‘ Location of data plate | 1
E 1) Top .f éompresss# motor “ |
E ) 2) Side of campressor motor

- b. Inforrnation on data plate
1} Compressor motor model number e

2) Compressof, motor serial number

3) L.R.A. (Io;:kéd rotor amberage) -
4) F.L.A. (full load amperage)

5) Voltage.




6.

‘ 6) Phase -
4
7) Cycle (hertz}
8) Horsepower
9) Lette- codés

“a} Motor manufacturer .

b} Month and year of manufacture

c) Shift e
d) Plant
a. ‘Control switch - g ‘f‘i,?

b. Fan motor

c. Fan motor run capacitor

- -~ . N
d  Compressor n:otor run capac‘tor

e. Thermostat
f. Bimetal overload

g. Compressor {notor - PS.C.

a 4 : f. R
b. 5 g. 10 . .
c. 7 h, 1 ’
.d. 8 i, 6
e. 2 . 9 ’

‘-

Performance skills evaluated to the satisfaction of the instructor




