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FOREWORD

Let's face it; major appliance repair technicians make gooa money, and the really good ones
make excellent money. What's more, the work is mostly inside modern repair facilities that are
warm in the winter and cool in the summer. As the number of households in America
increases, the demand for appliances will also increase and create a continued demand for
well-trained technicians who can get the job done.

And getting the job done is what Major Appliance Repair is all abotit. Basically, getting the job
done mieans learning electrical skills such as properly using test meters and properly reading
wiring schematics. Other parts of getting the job done include mastering the concept of “sys-
tematic” troubleshooting, because cost-effective repairs impress customers and keep a busi-
ness alive. And still another part of getting the job done is knowing how to work with people,
how to soothe feathers that get ruffled when an appliance quits working, and how to win back
customer confidence with top-notch service.

What we're saying is that a successful appliance repair technician has to wsar many hats, and
all of those hats are presented heren in what is probably the most comprehensive major app!i-
ance repair text available. The good jobs are waiting, and here is the curriculum that will guide
students toward a productive future and a full life.

Bob Patton, Chairman

Board of Directors

Mid-America Vocational
Curriculum Consortium




PREFACE

To the best of my knowledge, Major Appliance Repair is the op'v competency-based curricu-
lum now available in the appliance field. But more than that, it is a book that spends encugh
time on the basics of electricity and AC induction motors to really give a student the kird of
backaround required to become a versatile, well-paid repair technician.

Like all MAVCC texts, Major Applianca Repair is profusely illustrated for the sake of clari{ying
complex materials and retaining student interest. We would also say the same for Microwave
Oven Repair, another MAVCC text that belongs in every appliance repair program.

MAVCC has the materials to make every appliance repair program a success. To order materi-
als or to discuss the contents of individual texts, call toll free at 1-800-654-3988. Let us help
you make your appliance repair program a success.

Greg Plerce

Executive Director

Mid-America Vocationai
Curriculum Consortium
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USE OF THIS PUBLICATION

Instructional Units

Major Appliance Repair contairs thirteen units. Each instructional unit includes some or all
of the basic componants of a unit of instruction; performance objectives, suggested activities
for teachers and students, information sheets, assignmeni sheets, job sheets, visual aids,
tests, and answers to the tests. Units are planned for more than one lesson or class period of
instruction.

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

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

1. Supplies needed

2. Equipment needed

3. Amount of practice needed

4. Amount of class time needed for demonstrations

C. Supplementary materials such as pamphlets or filmstrips that must be ordered
D. Resource psople who must be contacted

Objectives

Each unit of instruction is based on performance objectives. These objectives state the
goals cf 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
tobe covered in a unit of instruction; 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 is
important for the teacher and students to have a common understanding of the intent of the
objectives. A limited number of performance terms have been used in the objecties for this
curriculum to assist in promoting the effectiveness of the communication among ail individ-
uals using the materiais.

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

Teachers should feel free to add objoctives which will fit the material to the needs of the
students and ccmmunity. When teachers add objectives, they should remernber to supply the
needed information, assignment and/cor job sheets, and criterion tests.




Suggested Activitles for the Instructor

Each unit of instruction has a suggested activities sheet outlining steps to follow in accom-
plishing specific objectives. Duties of instructors will vary according to the particular unit;
however, for best use of the material they should include the following: provide students with
objective sheet, informatior. sheet, assignment sheets, and job sheets; preview filmstrips,
meke transparencies, and arrange for resource materials and people; discuss unit and spe-
cific objectives and information sheet; give test. Teachers are encouraged to use any addi-
tional instructional activities and teaching methods 10 aid ctudents in accomplishing the
objectives.

Infuymation Sheets

Information sheets provide content essential for meeting the cognitive (knowledge) objec-
tives in the unit. The teacher will find that the information sheets serve as an excellent guide
for presenting the background knowledge necessary to develop the skill specified in the unit
objective.

Students should read the information sheets before the irformation is discussed in class.
Students may take additional notes on the information sheets.

Transparency Masters

Transparency maste:'s provide information in a special way. The students may see as weli
as hear the material being presented, thus reinforcing the learning process. Transparencies
may present new information or they may reinforce information presented in the infermation
sheets. They are particularly effective when identification is necessary.

Transparencies should be made « nd placed in the notebook where they wiil be immediately
available for use. Transparencies direct the class’s attention to the topic of discussion. They
should be left on the screen only when topics shown are under discussion.

Assignment Sheets

Assignment sheets give direction to study and furnish practice for paper and pencil activi-
ties to develop the knowledge which is a necessary prerequisite to skill development. These
may be given to the student for completion in class or used for homework assignments.
Answer sheets are provided which may be used by the student and/or teacher for checking
student progress.

Job Sheets

Job sheets are an important segment of each unit. The instructor should be able to demon-
strate the skills outlined in the job sheets. Procedures outlined in the job sheets give direction
to the skill being taught and allow both student and teacher to check student progress toward
the accomplishment of the skill. Job sheets prcvide a ready outline for students to follow if
they have missad a demonstration. Job sheets also furnish potential employers with a picture
of the skills being taught and the performances which might reasonably be expected from a
person who has had this training.

11
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Test and Evzluation

Paper-pencil and performance tests nave been constructed to measure student achieve-
ment of eacti objective listed in the unit of instruction. Individual test items may be pulled out
and used as a short test {o determine student achievement of a particular objective. This kind
of testing may be u. -1 as a daily quiz and will help the teacher spot difficulties being encoun-
tered by students i their efforts to accomplish the unit objective. Test items for objectives
added by the teacher should be constructed and added to the test.

Test Answers

Test answers are provided for each unit. These may be used by the teacher and/or student
for checking student achievement of the objectives.

M
Xl N




. MAJOPR. APPLIANCE REPAIR

INSTRUCTIONAL/TASK ANALYSIS

JOB TRAINING: What the RELATED INFORMATION: What
Worker Stculd Be Able to Do the Worker Should Know
(Psychomotor) (Cognitive)

UNIT I: MAJOR APFLIANCE REPAIR ORIENTATION
1. Terms and definitions

2. The job outlook for appliance repair
technicians

3. Advancement opportunitics for appli-
ance repair technicians

4. Where appliance repair technicians
work

5. Working conditions

6. Training requirements for appliance
repair work

. 7. Physical requirements for successful
appllance repair technicians

8. Personal habits that promote success
on the job

9. Repalr technicians and customer rela-
tions

10. Warranties and their importance
11.  Cautions about warranties

12.  Guidelines for service calls

UNIT Il: SAFETY ANL FIRET AID

1. Terms and definitions
Benefits of safe working practices
Major causes of accidents

Guldelines for good housekeeping

o &~ 0 DD

Basic rules for safe use of tools ard

0 equipment

XV
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23.

24,

JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

Complete a student safety pledge
(Assignment Sheet #1)

Select proper first aid procedure
(Assignment Sheet #2)

RELATED INFORMATION: What
the Worker Should Know

10.
11.
12.

13.
14.
15.
16.
17.

18.

19.
20.
21.
22,

14

Xvi

(Cognltive)
Steps In lifting safely

Special lifting rules for appliance
repair

Fire safety rules
Classes of fires and thelr causes

Types of fire extinguishers and their
recomnmended uses

Types of fire extinguishers and their
recommended operations

Speclal safety requirements for appli-
ance repalr

Special rules for eye protection

Ways to recognize shock

Steps In treating shock

First aid for victims of electrical shock

First aid guidelines for common work-
place Injurles

First aid guidelines for workplace
burns

Steps in controlling bleeding
Pressure points for checking bleeding
First aid for eye injuries

General guidelines for first aid emer-
genciles




Worker Should Be Able to Do the Worker Should Know
(Psychomotor) (Cogniltive)

. JOB TRAINING: What the RELATED INFORMATION: What
UNIT Il FUNDAMENTALS OF ELECTRICITY
1.  Terms and definitions
What electriclty Is
Sources of electriclty

The electron theory

The importance of electrical charges

I L T o

How electron flow is created In a con-
ductor

7. Conductors, insulators, and semicon-
ductors

8. Dilrect current
9. Alternating current
10. Basic Electrical symbols

11.  Types of circuits

‘

12.  Elements of a baslc circuit

13.  Clroult applications

14.  Circuit grounding

16.  Electrlcal measurements

16.  Abbreviations in ohm's law

17.  Ohm's law for electrical circults

18. Using ohm's law to flnd unknown val-
ues in a clreuit

19.  Characterlistics of electrical power

20. Ways ohm’s law Is used

21.  Kirchhoft's laws for voltage and current
22.  Working with reslistors

23. Steps in using the color code to deter-
mine res|stor value

XVvii
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JOB TRAINING: What the RCLATED INFORMATION: What
Worker Should Ee Able to Do {ne Worker Should Know
(Psychomotor) (Cognitive)

24,  Solve problems for an unknown volt-
age (Assignment Sheet #1)

25.  Solve problems for an unknown amper-
age (Assignment Sheet #2)

26.  Solve problems for an unknown resist-
ance (Assignment Sheet #3)

27.  Identify resistor values using a stand-
ard color code (Assignment Sheet #4)

UNIT IV: AC INDUCTION MOTORS

-
.

Terms and definitions

2. Principles of magnetism

3. The left hand rule for conductors

4, Electromagnets and coils

5.  Other principles of magnetism

6. Types of transformers C
7. DC motor components

8. DC motor operation

9. AC induction motors

10.  AC induction motor components and
their functions

11.  Types of AC Induction motors

12.  Operations of an induction start,
induction run motor

13.  Operations of a capacitor start, induc-
tion run motor

14.  Motor housings
15.  Motor speeds

16.  Types of motor bearings and their char-
acteristics

xviil 1 6




24,

25.

26.

JOB TRAINING: What the
Worker Shouid Be Able to Do
{Psychomotor)

Troubleshoot an AC induction motor
for thermal overload probiems (Job
Sheet #1)

Troubleshoot an AC induction motor to
determine whether the start mecha-
nism or the start ‘windings are bad, and
replace a centrifugal switch (Job Sheet
#2)

Bench test a single-speed motor with a
test cord (Job Sheet #3)

RELATED INFORMATION: What
the Worker Should Know

17.
18.
19.

20.

21.
22,
23.

(Cognitive)
Motor thermal protection
Other motor problems

Using compressor test cords in motor
testing

Guidelines for servicing throw-away
mstors

Motor namepiate information
Motor safety

Steps In systematically troubleshoot-
ing an induction motor

UNIT V: DIAGRAMS AND SCHEMATICS

-—

XiX

© &o© N o O &~ 0 N

Terms and definitions

Block diagrams

Schematic diagrams

Wiring diagrams

Other graphic alds and their functions
Where to find helpful graphic alds
Timer sequence charts

What legends do

Common color code abbreviations




JOB TRAINING: What the RELATED INFORMATION: What

Worker Should Be Able to Do the Worker Should Know
(Psychomotor) (Cognitive)
10. Basic electrical symbols
11.  Symbols for solid state devices
12. Guidelines for using diagrams and

13. Interpret a timer sequence chart and
wiring diagram for an automatic dish-
washer (Assignment Sheet #1)

schematics

UNIT VI TOOLS, MATERIALS, AND TEST INSTRUMENTS

1.

— ek b
v o+ O

13.

14.
15.
16.

17.

XX
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Terms and definitions

Basic hand tools

Shop tools

Miscellaneous supplies

Appliance repair literature and its uses
VOM'’s and their uses

Clamp-on ammeters and their uses
Digital muitimeters and their uses
Temperature tusters and their uses
Capacitor analyzers and their uses
Wattmeters and their uses

Shunts and their functions in amme-
ters

Electrical measurements and ways to
make them

Appliance wiring
Soldering tools

Resin-core solder and its characteris-
tics

Procedure for using solid wire soider




27.

28.

30.

31.

JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

Identify selected tools (Assignment
Sheet #1)

Test electrical receptacles for proper
voltages (Job Sheet #1)

Use a clamp-on ammeter to test for
high and low amperages on a fan
motor and a light bulb (Job Sheet #2)

Make a continuity check of a magnetic
control assembly from an automatic
washer (Job Sheet #3)

Splice electrical conductors to accept-
able service standards (Jeb Sheet #4)

Use a VOM for a quick capacitor check
(Job Sheet #5)

RELATED INFORMATION: What
the Worker Should Know

18.
19
20.

21.
22,

23.
24,

25.

(Cognitive)
Steps in wire stripping
Types of splices

Guidelines for connections at screw
terminals

Guidelines for good soldered splices

Guidslines for using solderless con-
nectors and terminals

Proper care and use of hand tools

Guidelines for using other tools and
equipment

Eve protection

UNIT VIIi: AUTOMATIC WASHERS

w

Terms and definitions

Major components and their functions
In an automatic washer

Steps in a typical automatic washer
cycie



JOB TRAINING: What the RELATED IMFORMATION: What
Worker Should Be Able to Do the Worker Should Know
(Psychomotor) (Cognitive)

4. Fill functions in a normal cycle
5.  Agitation functions in a normal cycle

6. Pumpout and spin functions in a nor-
mal cycle

7.  Guidelines for evaluating automatic
washer malfunctions

8. Steps for validating repairs

9. Troubleshocting a washer that wiil not
fill with water

10.  Troubleshooting a washer for improper
water level or water temperature

11.  Troubleshooting a washer when water
will not shut off

12. Troubleshooting a washer that leaks
water

13.  Troubleshooting when water will not
drain from a washer

14. Troubleshootiag a washer with a motor
that will not run

15.  Troubleshooting a washer that will not
agitate

16.  Troubleshooting a washer "hat will not
spin

17.  Troubleshooting a washer that will not
advance or shut off

18. Troubleshooting a washer that leaks oil

19. Troubleshooting a washer that tears
clothing

20. Other washer problems and ways to
correct them

21.  Install an automatic washer (Job Sheset
#1)

20
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Atle to Do the Worker Should Know
(Psychomotor) (vognitive)

22. Troubleshoot a Whirlpool/Kermore
automatic washer for typlcal malfunc-
tions (Job Sheet #2)

23.  Troubleshoot a GE/Hotpoint automatic
washer for typical malfunctions (Job
Sheet #3)

UNIT Vil AUTOMATIC DRYERS

10.

11.

12.

13. Install an automatic dryer (Job Sheet
#1)

xXxili
N
1

Terms and definitions

Major components and their functions
in an autornatic dryer

Steps in autematic dryer operation

Thermostats and their functions in a
dryer

Troubleshooting a dryer that will not
run

Troubleshooting a dryer that will run
but not heat

Troubleshooting a dryer when the
motor runs but the drum will not turn

Troubleshooting a dryer that runs but
will not shut off

Troubleshooting dryer that runs and
heats but will not dry clothes

Other dryer problems and their solu-
tions

Troubleshooting gas valves and ignit-
ers on gas dryers

Special dryer problems and their solu-
tions




JOB TRAINING: What the RELATED INFORMATION' What
Worker Should Be Able to Do the Worker Should Know
(Psychomotor) (Cognitive)

14,  Troubleshoot a Whirlpool/Kenmore
automatic dryer for typical malfunc-
tions (Job Sheet #2)

15.  Troubleshoot a GE/Hotpoint automatic

dryer for typical malfunctions (Job
Sheet #3)

UNIT IX: AUTOMATIC DISHWASHERS
1. Terms and definitions

2.  Major components of a dishwasher
and their functions

3. Steps in an automatic dishwasher
cycle

4.  Special considerations for dishwasher
installation

Water problems with dishwashers

Loading order in dishwasher operation

Dishwasher misuses and their causes

©® N o o

Guidelines for better dishwasher serv-
ice

9. Guidelines for troubleshooting auto-
matic dishwashers

10.  Ways to prevent mineral build-up in an
automatic dishwasher

11, Troubleshooting redeposit problems

12.  Install an automatic dishwasher under
a counter (Job Sheet #1)

13.  Troubleshoot malfunctions on an auto-
matic dishwasher (J~b Sheet #2)

14, Inspect tiie seal on an automatic dish-
washer (Job Sheet #3)

XXiv
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JOB TRAINING: What the RELATED INFORMATION: What
‘ Worker Should Be Able to Do the Worker Should Know
(Psychomotor) (Cognitive)
UNIT X: GARBAGE DISPOSERS

1.  Terms and definitions

2. First consideration for garbage dis-
posers

3. Safety rules for disposer operation

4. Major components of a garbage dis-
pnser and their functions

5. Steps in garbage disposer operation

6. The importance of cold water flow in a
disposer

7. Common misuses that cause disposer
problems

8. Items that can be placed into a gar-
bage disposer

9. Guidelines for handling a jammed gar-
‘ bage disposer

10.  Guidelines for installing a garbage dis-
poser

11.  Guidelines for troubleshooting dis-
poser malfunctions

12.  Install a garbage disposer

13.  Free a jammed garbage disposer

UNIT XI: TRASH COMP/.CTORS

—

Terms and definitions

2. Trash compactor characteristics

3. ‘eps in a typicul compactor cycle
4

Compactor electrical components and
their characteristics

5. Trash compactor operating safety

™D
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16.

17.

18.

19,

JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

Use schematics to determine operat-
ing conditions on a trash compactor
(Assignment Sheet #1)

Install an undercounter trash com-
pactor to specifications (Job Sheet #1)

Test the drive motor on a trash com-
pactor to determine its operationa!
condition (Job Sheet #2)

Troubleshoot common trash com-
pactor problems {(Job Sheet #3)

RELATED INFORMATION: What
the Worker Should Know

10.

",
12,

13.

14,

15.

(Cognitive)
Trash compacter service safety

Guideiines for properly loading a com-
pactor

Common causes {or failure to compact
Major wear problems wi* ..ompactors

Lubrication requirements tor com-
pactors

Chain and belt adjustments

Troubleshooting guidelines for trash
compactor problems

Guidelines for troubleshooting a noisy
compactor

Troubleshooting other compactor prob-
lems

Items that should not be placed in a
trash compactor

UNIT Xill: GAS RANGES AND OVENS

1.

2
3.
4

XXVi

Terms and definitions
Basics of gas heating
Natural ard bottled gases

How a gas range top burner works




JCB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

© e N o o

10.

11.
12.

13.
14.
15.

16.
17.

18.
19.
20.
21,

22,
23.

24,
25,

RELATED INFORMATION: What
the Worker Should Know

(Cognitive)

Orifice settings

Primary and secondary air
Byproducts of combustion
Burner combustion problems

Gas burner types and their applica-
tions

Ignition systems and their characteris-
tics

How a gas oven works

Types of oven thermostats and their
characteristics

Safety valves
Common misuses of gas ovens

Considerations for ovens with upper
and lower burners

How self-cleaning ovens work

Special safety features of se'f-cleaning
ovens

Safety requirements for gases
Flexible connectors
Requirements for gas supply lines

Functions of electrical circuits on gas
ovens

Typicai circuit functions in a gas oven

Range complaints and recommended

. troubleshooting

Gas pressure drops
Manometer selectlon and use

Guldelines for roasting




JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Workar Should Know
(Psychomotor) (Cognitive

27.  Guidelines for broiling

28. Guidelines for baking

29. Baking problems and their solutions
30. Guidelines for service calls

31. Use a wiring schematic to determine
voltage and resistance readings on a
self-cleaning gas oven set for a bake
operation (Assignment Sheet #1)

32. Use a wiring schema’ . determine
voltage and resistance readings on a
self-cleaning gas over set for a timed
bake operation (Assignment Sheet #2)

33. Use a wiring schematic to determine
voltage and resistance readings on a
self-cleaning gas oven set for a clean-
ing operation (Assignment Sheet #3)

34. lse a wiring schematic to determine
voltage and resistance readings on a
self-cleaning ¢ as oven during lock and
unlock (Assignment She « #4)

35. Install a gas range level arid leak free
with all burners properly adjusted {(Job
Sheet #1)

36. Use a temperatura tester to check gas
oven temperature for proper oven ther-
mostat settings (Job Sheet #2)

37. Recalibrate a gas oven thermostat to
correct settings (Job Sheet #3)

38. Remove, disassemble, clean, lubric- e,

and reassemble a standard gas bu/ner
valve (Job Sheet #4)

UNIT XilIi: ELECTRIC RANGES AND OVENS
1.  Terms and definitions

2. Basles of electric cooking

3.  Eiectrical requirements for hooking up
an electrlc range

xxvii
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1.

12.

13.

JOB TRAINING: What the
Worker Should Be Able to Do

(Psychomotor)
4,
5.
6.
7.
8.
9.
10.

Remove a surface unit from an electric

range and check for proper resistanca

{(Job Sheet #1)

Check the self-cleaning function on an

slectric oven (Job Sheet #2)

Make continuity checks on step-type

and Infinite electric range switches

(Job Sheet #3)

XXiX

RELATED INFORMATION: What
the Worker Should Know

(Cognitive)

Electric surface and oven heating ele-
rvonts

Types of heat controls for surface heat-
ing elements

Types of electric oven thermostats

Recalibrating electric oven thermo-
stats

Typical electric oven self-cleaning
operation

Components and their functions in a
self-clean cycle

Troubleshooting electric ranges




MAJOR APPLIANCE REPAIR

TOOLS, EQUIPMENT, AND MATERIALS LIST

Hand tools

Tool chest and lock
Standard screwdriver set
Phillips screwdrlver set

Offset standard and Phillips screwarlvers
Stubby standard and Phlilips screwdrlvers

Allen wrench set

Nutdrlver set

Comblnation wrench set
Adjustable wrenches
Standard and Phlllips screw starters
Slip-joint pliers

Locking jaw (vise-grip) pllers
Needlenose pliers

Dlagonal (sldecutting) pllers
Lineman’s pliers
Hose-clamp pliers

Internal and external snap-ring pllers
Electrical terminal pllers
Ball peen hammer
Soft-faced hammer

Chisel set

Punch set

Drive socket set

Ratchet socket set

Plpe wrenches

Tape measure

Test Equipment

Voit-Ohmmeter (muitimeter)
Digital VOM

Clamp-on ammeter
Wattmeter

Capacltor analyzer
Temperature tester

Shop tuols

Appliance dolly

Appliance flipper
Compressed alr supply
Wet/dry shop vacuum

Flie set

Keyhole saw

Hacksaw and ext: 1 blades
Pry bar

Heavy duty drlil

Drill bit set (steel)

Drlil blt set (wood)
Masonry drill

Pry bar

Soldering gun and solder
Test cord

Avlation snips

Level

Drll press

Bench grinder
Oxyacetylene cutting equipment

Miscellianeous tools and supplles

Drop cloth
Iinspection light
Electrical tape
Plpe dope

Clean shop towels

Satety and First Ald ‘quipment
Fire extingulshers

First ald kit
Eye wash statlon

XXXI
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MAJOR APPLIANCENIIITEII’AIR ORIENTATION

UNIT OBJECTIVE

After completion of this unit, the student should be able to discuss training requirerner s and
Job opportunities for appliance repair technicians. The student shouid also be able to discuss
tha importance of good customer relations and critical elements in warranties. These compe-
tencies will be evidenced by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After compietion of this unit, the student wili be able to:

1.

10.
11.
12.

Match terms related to major appiiance repair orientation with their correct defini-
tions.

Compiete statements concerning the job outlook for appliance repair technicians.

Select true statements concerning advancement opportunities for appliance
repair technicians.

Complete a list of places where appliance repair techniclans work.
Select true statements concerning working conditions.
Complete statements concerning training requirements for appliance repair work.

Complete a list of piwysical requirements for successful appliance repair techni-
clans.

Select true statements concerning personal hablits that promote success on the
job.

Complete staternents concerning repair technicians and customer relations.
Complete statements concerning warranties and their importance.
Compiete stataments concerning cautions about warranties.

Solve probiems concerning guidelines for service calls.

(]
b
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MAJOR APPLIANCE REPAIR QORIENTATION
UNIT |

SUGGESTED ACTIVITIES

Provide students with objective sheet.

Provide students with information sheet.

Discuss unit and specific objectives.

Discuss information sheet.

Invite a local or area appliance store owner to talk to the students about appliance
repair in general and what sort of job opportunities there are for entry-level technicians;

have the owrier also discuss the importance of recordkeeping and customer relations.

Discuss the importance of proper attitudes about the workplace, and the personal
habits that promote success In a job.

Arrange with a local appliance repair firm for individual students to spend part of a day
on a service truck and go on a service call wih a working appliance repair technician;
have students make brief reports to the class.

Give test.

CONTENTS OF THIS UNIT

‘Objective sheet

Information sheet
Transparency masters
1.  TM 1 — Warranty Service Invoice
2. TM 2 — Warranty
Test
Answers to test
REFERENCES USED IN DEVELOPING THIS UNIT

Occupational Outlook Handbook. Washington, DC 20212: U.S. Department of Labor,
Bureau of Labor Statistics, April 1982,

Guide for Occupatlonal Exploration. Washington, DC 20402: U.S. Department of Labor,
1979.
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AVAILABLE INSTRUCTIONAL MATERIALS

CALLTAKER, a 19-minute video cassette showing how to take service calls over a
phcne. LIT677484 is the cassette number, and the accompanying test booklet is
LIT677485.

CUSTOMER RELATIONS FOR APPLIANCE TECHNICIANS, a 23-minute video cassette
presentirg custorner/technician situations including how to handle difficult customers
and how to collect the bill. LIT 787045 is the cassette number and the accompanying
student study guide is LIT787046.

QUALITY — PASS IT ON, a 20-minute video cassette showing effective customer rela-
tions techniques. LIT 787195 is the cassette number, the accompanying meet'~g lead-
er's guide is LIT787196, and the accompanying discussion guide for students is
LIT787197.

Video cassettes are available in 12" VHS or Beta formats and should be ordered from:

Whirlpool Corporation
ATTN: General Accounting
1900 Whirlpool Drive

La Porte, IN 46350-0927

For information about Whirlpool training materials, call:
(219) 325-2359

or
(219) 325-2230
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MAJOR APPLIANCE REPAIR ORIENTATION
UNIT |

INFORMATION SHEET

Terms and definitions

A Small appllances — Labor saving devices such as can openers or toasters
that are generally portable and relatlvely Inexpensive

B. Major appliances — Labor saving devices such as automatic washers and
dryers that are generally statlonary and relatively expensive

(NOTE: This unlt and the ones that follow are dedicated to major appliance
repalr)

C.  Electromechanical — A mechanical part such as a solenold that is started
or stopped by au electrical contro! device

D.  Hablt — An act repeated so often that It becomes an automatic and uncon-
sclous personal tralt

Job outlook for appliance repalr techniclans

A. The demand for appliance repalr technicians wilil grow at an average rate
Into the 1990's

B. Current technicians who advance to other jous or retire wlll have to be
replaced

C. As the number of new households increases in America, the number of
appllances will Increase rapldly and help Increase the demand for repair
techniclans

. Most people consider major appllances essential, and avalilable work
should continue even during perlods of economic recession

E. Pay varies with geographlcal area, but experlenced techniclans In the early
1980's made from $10 to $12 an hour and wages should Increase wlith each
passing year.

Advancement opportunities for appllarice repalr techniclans

A. After two to three years experience and a good work record, repair technl-
clans may be promoted to:

1. Supervisor
2.  Asslstant service manager

3. Service manager




IV.

VI

INFORMATION SHEET

Highly skilled technicians with good people sklills may advance to reglonal
service manager or reglonal parts manager for a major manufacturer

A techniclan with a wide range of skills, experience, and sufficlent financlal
support may open his/her own appliance store or repair shop

Where appllance repair teciniclans work

A Most appliance repair technicians work In independent appliance stores
and repair shops

B. Many more appliance repalr techniclans work for manufacturers’ service
centers, department stores, wholesalers, or utility companies

C. Some appliance repalr technicians run their own businesses full or part
time, and contract thelr services to service centers or appliance dealers

D. Appliance repalr technicians work in communitles of all sizes, but most of
them work In highly populated metropolitan areas

Working conditions

A.  Appliance repalr shops are generally quiet, well lighted and ventilated, and
comfortable places to work in

B. Most techniclans work with little or no direct supervision, and most technl-
clans enjoy this aspect of the occupation

C. The work Is generally safe as long as safety procedures are observed
around electrical elements of equipment and as long as lifting and moving
of heavy appllances is accomplished properly

D. Technicians who repalr appliances In customers’ homes may sometimes
have to drive a portion of the day and be responsible for the care of a com-
pany vehicle

E. Technicans who repair appliances In customers’' homes also have to

explain to the customer what repair work was done, the cost of parts and
labor, and then collect the bill

Tralning requirements for appliance repalr work

A

Although some repalir technicians are trained on the job, formal training in
appllance repair s the more common route into the industry

(NOTE: Formal training Is avallable at some high schools, In many voca-

tional-technical schools, in many community colieges, and in a variety of
training programs from appliance menufacturers.)
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. INFORMATION SHEET

B. Training should stress both the mechanical and eiectrical aspects of the
repair industry and the electromechanical

C. Modern appiiances use more and more electronic parts, and technicians
with good electronics skiils have the best Job prospects (Figure 1)

FIGURE 1

. D. Entry-level technicians frequently start out repairing one type of appliance
untii they master it and then learn other appliances one at a time

E. Large department stores and service centers have training programs of
their own to help technicians master advanced areas of repair

F Technicians who make service calls in customer homes generally go
through a period of on-the-job training with a more experienced technician

G.  Changes in appliance design demand that a technician keep up to date,
and this usuaily means attending manufacturers’ seminars where new
models and service procedures are demonstrated

H. Service manuals provide a weaith of information, and a good repair technl-
cian shouid read all manuals availabie and maintain a personal library of
service manuals

Vil.  Physical requirements for successful appliance repalr techniclans

A. The occupation requires some heavy lifting which requires a person to be in
generally good physical condition

B. The ability to identify wires of several different colors Is essential for some
electrical elements of the occupation, and good eyesight is required

C.  Areas of the occupation require articulate skills in soldering and tinning,
. and the technician needs to have a steady hand




VIl

IX.

INFORMATION SHEET

Much of the work is repetitive and requires an ability to tolerate doing the
same thing over and over

Technicians selected to service appliances in customer’s home must have
the verbal skills required to talk with customers

Personal habits that promote success on the job

A.

G.

Take a bath or shower daily and generally keep yourself neat and clean

(NOTE: Body odors irritate customers, and are not especlally popular with
fellow workers.)

Get to work on time, and if you know you're going to be late or if you're too
il to go to work; try to call in far enough in advance so arrangements can be
made for otners to cover your job

Respect all company property and use tools and equipment only for thelr
intended purposes

Think of yourself as an advertisement for the company anytime you're on a
service call or using a company vehicle In public, and conduct yourself
properly

Avoid drugs or alcol* i because their use can impair your ability to work
safely or to work at all

Be honest in all your relations with supervisors, fellow-workers, and cus-
tomers

Put in a day's work for your day’s pay

Repair techniclans and customer relations

A.

Appliance repair technicians mostly work for dealers who sell and service
applizinces and whose business depends on good customer relatlons

Repair technicians need basic business skills in reading and interpreting
work/service orders so they can approach customers with confidence

Repair technicians need basic math skills to tc:tal bills properly and avoid
errors that could lose the company money or irritate a customer

Repalr technicians must be diplomatic on service calls that take them into
a customers home

Repair techniclans should assume they are part of the company Image at
all times and conduct themselves accordingly

(NOTE: Word of mouth is the most powerful form of advertlising, and If you

say bad things about the company you work for, it's bad advertising; If you
don’t like the place, quit and go to work someplace elss.)
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INFORMATION SHEET

X. Wairantles and their importance

A Warranty
1. Usually for one full year
2.  Covers all defective workmanship and materials
3. Pays for both parts and labor

B. Limited warranty:

1.

Usually runs from the second through the fifth year

(NOTE: Time periods vary with appliance and manufacturei, and
some trash compactors and garbage disposers have no warranty
past the first year.)

Usually cover only specific comnonents such as the transmission on
an automatic washer -

Pays for parts, but customer pays for labor which includes travel
costs

C.  Warrantles should not be confused with dealer service contracts that pro-
vide special services beyond what the manufacturer warranties

(NOTE: Some dealer service contracts run up to ten years or more and may
be limited or unlimited, but knowing if an appliance is under a warranty or a
service contract is an important piece of information.)

Xl. Cautions avout warrantles (Transparsncy 2)

A.  Warranties are void if an appliance has been:

1.
2.
3.

Improperly installed or modified
Subjected to improper voltage supply
Subjected to unreasonable use

Example: If an automatic washer designied for household use is
used in a commercial laundry, that is unreasonable use

Service or repair work performed by an unauthorized technician voids most
warrantles

Payment for warranty work is made by manufacturers to authorized dealers
and requires careful attention to paperwork (Transparency 1)
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INFORMATION SHEET

Xil. Guldelines for service calls

A. Prepare for the service call

1.
2

Read the work order in advance

Know the brand name, serial number, and model number of the appli-
ance

Examine the customer's description of the problem, and call the cus-
tomer to clarify anything nct clear

Anticipate any special tools you may neud and take them with you
because trips back to the shop are expensive

Take a service manual and parts catalog along just in case

Checxk with the person who took the call if the order is incomplete or
confusing

B. Begin the service call tactfully

1.
2,

Show up on time in clean work clothes or company uniform

Park your car or service vehicle so it doesn't block a driveway, a side-
walk, or a mailbox

introduce yourself and explain who you represent and why you are
there

(NOTE: Most people are very tentative about opening their door to
strangers, and an intelligent self-introducticn can heip put the cus-
tomer at ease.)

Address the customer by his/her proper name, and ask how the name
should be pronounced in case you're not sure

(NOTE: Do not hesitate to ask the customer how the name should be
properly pronounced; if you’re going to be in the home for awhile, the
customer will not appreciate being adaressed improperly))

Invite the customer to talk about the trouble in hisfher own words
because service order notes are sometimes vary brief

(NOTE: Many service calls are taken over the telephone and many
customers are not articulate in describing funny noises, unpleasant
smells, or the many things that just can't be said without hand ges-
tures.)



INFORMATION SHEET

C.  Keep the service call businesslike

1.
2.

Refrain from accepting invitations to coffee or refreshments

Recjuest the customer to keep children and pets aw2y from the werk
area for safety reasons

Make no hasty statements about the problem or the cost of repairs

Use a drop cloth around an appliance when you work, and if you use
an appliance surface for a work area, cover it with a drop cloth too

D. Keep the service call custonier orlented

1.

Give the customer an explanation of the problem and what work you
did you correct the malfunction

Save any parts that were replaced so the customer can inspect them,
but take faulty parts back to the shop if they must be returned to the
manufacturer

Explain the bill to the customner and have the customer sign the bill

(NOTE: For warranty service where the customer will not be charged,
it is still a good Idea to review the bill so the customer will appreciate
the savings.)

For other than warranty work, collect for the amount of the biil before
you leave

(NOTE: If the customer has made previous arrangements for pay-
ment, it should have been noted on the service order or work order.)

E. Leave the customer on a positive note

1.

2,

Thank the customsr for his/her help
Assure the customer that the appfiance is in working order

Compiiment the customer for making an intelligent appliance selec-
tion

(NOTE: Part of the repalr work is to also repair the customer’s confi-
dence in the product, the manufacturer, and the dealer for whom the
sarvice person works, and prompt, courteous repair is the best way
to restore that confidence.)

Always offer tips the customs: san use to improve appliance service

50
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INFORMATION SHELT &
5. Incases where an appliance has simply had it, be smart enough to
interest the customer in a replacenient

(NOTE: The prospects that a worn out appliance may still have trade
in value may be enough to sell a new appliance.)

6. Leave the area clean

a1 -
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Warranty Service Invoice

PRESS HARD - YOU ARE MAKING 5 COPIES

13L.2430A
FORM 3183 (REV, 2:79)

NO.A043374-S

MAGIC CHEF WARRANTY SERVICE INVOICE

CUSTOMER PHONE CIUMIEN: CUSTOMEN CALL DATE:

SIGNATURR SIGNATUNE
3
W'D'W'CI LHA PURCHASE DATE ’
VP NAY mc.l MO, lou l vean [S0MAL 4
DATE SERVICE CALL 2ND SERVICE CALL DATE
ARR DEP. TOTAL MINUTES ARR. DEP. TOTAL MINUTEs
R A T
| lSomaracs | e S S —— T —
Vv 0
| sulnmonn |, - e T L]
HATEAU [ (T) MICROWAVE OVEN L1 r 1
: ;fgmsgzm R.F. LEAKAGE LEVEL YT T
{ ) FREEZER
woowzl | ) | ) ) 1)L L L
P APPVD. BV OATE
00-00-00
s | I'%M DATE RM DATE
c. : SERVICE CHARGE
D. 130 MIN. AATE 6 e TOTAL LABOR CHARGE
€. % HR. RATE ¢ 4.
3 OR
lg FLAT RATE .
“CUSTOMER INITIAL DESCRIPTION OF SERVICE PROBLEM:
DESCRIPTION OF SERVICE WORK PERFORMED:
DATE WORK COMPLETED

THIS FORM MUST BE 7 OMPLETE AND INFORMATION MUST BE LISTED ON MONTHLY STATEMENT FORM 306-2 BEFORE PAYMENT BY MAGIC CHEF.
COMPLETED INVOICES WITH COPIES OF 308-2 SHOULL BE SENT TO WARRANTY SEAVICE CO-ORDINATOA. MAGIC CHEE. INC., CLEVELAND. TENN. 37311

ORIGINAL (FACTORY COPY)

Courtesy Magic Chet Inc.
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Warranty

Frigidaire Dishwasher Warranty

FULL ONE-YEAR WARIANTY (Excluding Alaska)

Frigloaire Company warrants that Frigidaire will repair, without charge, any defact or maifunction occuring in this

Dishwasher during the first ywar after original date of de

THIS WARRANTY DOES NOT APPLY:

1. To conditions resuiting from (A) improper instalia-
tlon, or (B) incorrect electric current.

2. To conditions resulting from consumer damage,
such as: (A) improper maintenance, or (B) misuse,
abuse, accldent, alteration.

3. If the original serial number cannot be readily deter-
mined.

4. To service calls not Invoiving maifunction or defects
In materials or workmanship, and naturaily the con-
sumer shall pay for such calis.

5. To Dishwashers installed outside the continental
United States and Hawall.

6. If used in any commercial application.
7. To Dishwashers Instalied in the State of Alaska.

LIMITED WARRANTY
Applicable to the State of Alaska

in the State of Alaska, all of the provisions of the full war-
ranty and the excluslons thereunder listed on this form
are unchanged, except that Frigidaire does not pay for
the cost of the techniclan's travel to your home nor for
the cost of transporting the product to his shop. You are
responsiblie for these charges.

livery to the consumer.

This warranty gives you specific legal rights, and you
may also have other rights which vary from state to state.

This Is the only written warranty applicable to Frigidaire
Dishwashers and Frigidaire neither assumes nor
authorizes anyone to assume for It any other obligation
or liabllity in connection with such Dishwashers.
FRIGIDAIRE SHALL NOT BE LIABLE FOR CONSE.
QUENTIAL DAMAGES, SUCH AS PROPERTY DAMAGE
AND INCIDENTAL EXPENSES RESULTING FROM
BREACH OF THIS WRITTEN WARRANTY OR ANY IM.
PLIED WARRANTY.

Some states do not aliow the excluslon or limitation of In-
cidental or consequential damages, so this limitation or
exciusion may not apply to you.

FOR SERVICF UNDER THIS WARRANTY contact any
authorized Frigldaire servicing dealer, or If there Is a
question as to where to obtain warranty service, write our
Customer Relations Department at this address.

FRIGIDAIRE COMPANY
P.O. Box WC49800
3555 S. Kettering Bivd.
Dayton, Ohlo 45449

Courtesy Frigidaire
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UNIT |

NAME

TEST

Match terms on the right with their correct definitions.

S T Labor saving devices such as can openers 1. Electromechanical

or toasters that are generally portable and _
relatively inexpensive 2. Major appliances

b Labor saving devices such as automatic 3. Habit

washers and dryers that are generally sta-
tionary and relatively expensive 4. Small aplianes

c. A mechanical part such as a solenoid that is
started or stopped by an electrical control
device

—_—d. An act repeated so often that it becomes an

automatic and unconscious personal trait

Complete statements concerning the job outlook for appliance repair technliclans by
circling the word(s) that best completes each statement.

al

The demand for appliance repalr technicians will grow at an (average rate, rapld
rate) into the 1990's

Current technicians who advance to other jobs or retire wili (have to be replaced,
be replaced with automated processes)

As the number of new households increases in America, the number of appli-

ances will increase (rapldly, slowly) and help increase the demand for repair tech-
niclans

Most people consider major appliances essential, and available work should
continue (even during periods of aconomlic recession, except for periods of eco-
nomic depression)

Pay varles with geographical areas, but experienced technicians in the early
1980's made from $10 to $12 an hour and wages should (Increase, hold #leady)
with each passing year .

e

W)
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TEST

Select true statements concerning advancement opportunities for appliance repair
techniclans by placing an “X” in the appropriats blanks.

(NOTE: For a statement to be true, all parts of the statement must be true))

a. After two to three years experience and a good work record, repair techni-
clans may be promoted to:

1) Supervisor
2) Assistant service manager
3) Service manager

4) President of the company

—_b. Highly skilled technicians with good people skilis may advance to regional

service manager or regional parts manager for a major manufacturer

C. A techniclan with a wide range of skills, experience, and sufficient finan-
clal support may open his/her own appliance store or repair shop

Complete a list of places where appliance repair techniclans work by inserting the
word(s) that best completes each statement.

al

Most appliance repair tachnicians work in . appliance stores and
repair shops

Many more appliance repair technicians work for manufacturers’ service centers,
department stores, wholesalers, or companies

Some appliance repalr technicians run their own businesses full or part time,
and their services to service centers or appliance dealers

Appliance repair technicians work in communilties of all sizes, but most of them
work in areas

Select true statements concerning working conditions by placing an “X” In the appro-
priate blanks.

a. Appllance repair shops are generally noisy, poorly lighted, and not com-
fortabie piaces to work in

b. Most technicians work with strict supervision
c. The work Is generally safe as long as safety procedures are observed

around electrical elements of equipment and as long as lifting and moving
of heavy appliances is accomplished properly
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TEST

—d Techniclar ~ ‘vho repair appliances in customers’ homes may sometimes
have to drive a portion of the day and be responsible for the care of a com-
pany vehicle

6. Technicians who repair appliances In customers’ homes also have to
explaln to the customer what repair ~ork was done, the cost of parts and
labor, and then collect the bill

6. Complete stateniants concerning training requirements for appliance repair work by
inserting the word(s) that best completes each statement.

. a. Although some repair technicians are trained
, formal training In appliance repair is the more common route
into the Industry

b. Training should stress both the mechanical and electrical aspects of the repalr
industry and the

C. Modern appllances use more and more electronic parts, and technicians with
good skills have the best job prospects

d. Entry-level techniclans frequently start out repairing
. of appilance until they master it and then learn other appliances
ong at a time

e. Large department stores and service centers have
of their own to help technicians master advanced areas of repair

f. Technicians who make service calls in customer homes generally go through a
period of on-the-job training with a technician

Q. Changes in appllance design demand that a technician keep up to date, and this
usually means attending manufacturers’ where new models and
gervice procedures are demonstrated

h. manuals provide a wealth of information, and a good repair tech-
nician should read all manuals avallabie and maintain a personal library of
manuals

7. Complete a list of physical requirements for successful repair technicians by circling
the v )rd(s) that best completes each statement.

a The occupation requires some (moderate, heavy) lifting which requires a person
to be in generally good physical condition

b. The ability to identify (wires, schematics) of several different colors is essential
for some electrical elernents of the occupation, and good eyesight is required

a4y




TEST
Areas of the occupation require articulate skiils in (splicing, soldering and tin-
ning), and the techniclan needs to have a steady hand

Much of the work Is repetitive and requires an abity to tolerate (doing the same
thing over and over, absolute boredom)

Techniclans selected to service appllances in cistomer's home must have the
(verbal skiiis, glib style) required to talk with customers

Select true statements concerning personal habits that promote success on the job by
placing an “X" in the appropriate blanks.

———A. Take a bath or shower weekly

S } Get to work on time, and if you know you're going to be late or if you’re too

il to go to work, try to call in far enough In advance so arrangements can
be made for others to cover your job

C. Respect all company property and use toois and equipment any way so
" long as you get the job done

—_—. Think of yourself as an advertisement for the company anytime you're on

a service call or using a company vehicle in public, and conduct yourself
properly

—8. Avold drugs or aicohol because their use can Impalr your abllity to work

safely or to work at all

—f Be honest in all your relations with supervisors, fellow-workers, and cus-

tomers

— g Put In a day's work for your day’s pay

Cornplete statements concerning repalr techniclans and customer relations by circling
the word(s) that best completes each statement.

al

Appliance repalr techniclans mostly work for dealers who sell and service appill-
ances and whose business (depends, only partly depends) on good customer
relations

Repalr technicians need basic (math, business) skilis in reading and Interpreting
work/service orders 30 they can approach customers with confidence

Repair techniclans need basic (math, business) skilis to total bilis properly and
avold errors that could lose the company money or irritate a customer

Repalr techniclans must be (quiet, diplomatic) on service calis that take them
into a customer's home

Repair technicians should assume they (are, may be) part of the company image
at all times and conduct themseives accoidingly
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1.

TEST
Complete statements concerning warranties and their importance by inserting the
word(s) that best completes each statement.
a. Warranty

1)  Usually for full year

2) Covars all defective workmanship and

3) Pays for both parts and

b. Limited warranty:

1)  Usually runs from the second through the year

2) Usually cuver only components such as the transmis-
sion on an automatic washer

3) Pays for parts, but customer pays for labor which includes
costs

C. Warranties should not be confused with dealer
that provide special services beyond what the manufacturer warranties

Complete statements concerning cautions about warranties by inserting the word(s)
that best completes each statement.

a. Warranties are void if an appliance has been:

1)  Improperly or modified

2) Subjected to improper supply

3) Subjected to unreasonable

b. Service or repair work performed by an techniclan volds most
warranties

c. Payment for warranty work is made by manufacturers to authorized dealers and
requires careful attention to
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TEST

12, Solve problems concerning service calls by providing the correct answer for each of the
following situations.

a. A service order Is not clear. What are two things that can be done to clarlfy It?

1)

2)

b. What are the first things you would do after a customer opens the door?

C. What would you do If the customer asked you to make a quick estimate of what
thie repalrs will cost?

d. What would you do If the customer says a check will be malied later to cover the
bill?

e. What are two things you can do to leave the customer on a positive note?

1)

2)

C_.".
~y
N




MAR-23

MAJOR APPLIANCE REPAIR ORIENTATION
UNIT |

ANSWERS TO TEST
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ANSWERS TO TEST

10. a. 1)  Ono

2) Materials
3) Labor

b. 1)  Fifth
2) Specific
3) Travel

C. Service contracts

11. a. 1) Installed
2) Voltage
3) Use
b. Unauthorized
Paperwork

24

12.

o

1)  Talk to the person who took the order
2) Call the customer
Introduce yourself, explain whom you represent, and why you are there
Refuse politely
Explain that you have to collect at the time service is completed
1) Assure the customer the appliance is working well
2) Compliment the customer on a wise appliance selection
(NOTE: ltem may also include offering tips for ways to improve appliance
service, and leaving the area clean.)

*PQoUT
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SAFETY AND FIRST AID
UNIT i

UNIT OBJECTIVE

After completion of this unit, the student should be able to discuss the rules of good house-
keeping, guidelines for electrical safety, and special safety requirements for appllance repalr
technicians. The student should also be able to list fire safety rules, identify flre evacuation
exits, discuss fisst aid for workplace accldents, complete a 3afety pledge, and select proper
first aid applications for given accldents. These competencles wil: be evidenced by correctiy
performirig the procedures outlined in the assigrment sheets and by scoring 100 percent on
the unit test.

SPECIFIC OBJECTIVES

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

1.

2,

10.
1.
12.
13.

14.

Match terms related to safety and first aid with their correct deflnitions.
Complets a list of benefits of safe working practices.

Select true statements concerning the major causes of accldents.

State the motto for good housekesping.

Complete statements concerning basic rules for safe use of tools and equipment.
Arrange in order the steps w (ifting safely.

Select true statements co.\cerning special lifting rules for appiiance repair.
Complete statements concerning fire safety rules.

Match classes of fires with their causes.

Match types of fire extinguishers with their recommended uses.

Match types of fire extinguishers with their recommended operations.

Complete statements concerning special safety requirements for appllance repair.
Complete statements concerning special rules for eye protectlon.

Select true statements concerning ways to recognize shock.

RNV




18.
16.
R

18.
19.

21.

23.
24,

OBJECTIVE SHEET

Arrange in order the steps in treating shock.

Complate statements concerning first aid for victiras of electrical shock.

Select true statements concerning first aid guidelines for common workplace inju-

res.

Select true statements concerning first aid guidelines for workplace burns.
Arrange in order the steps in controlling blseding.

Complete statements concerning pressure points for‘checking bleeding.
Select true statements concerning first aid for eye injuries.

Complete statements concerning genera! guidelines for first aid emergencies.
Complete a student safety pledge. (Assignment Sheet #1)

Select proper flrst aid procedures. (Assignment Sheet #2)

g |
o
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SAFETY AND FIRST AID
UNIT il

SUGGESTED ACTIVITIES

Provide students with objective zheat.

Provide students with Information, assignment, ¢nd job sheets.
Make transparencies.

Discuss information and assignment sheets.

Arrange for a talk about fire safety with your local fire department, and back it up with a
fire drill, identification of reassembly points, and a demonstration of pioper usa of all
fire extinguishers in the class/shop area.

Arrange for qualified medical personnel to talk about first aid and give demonstrations
of dressing common cuts, punctures, and burns, and also demonstrations of resusnita-
tion methods.

Stress the importance of eye safety, the importance of wearing eye protection when
using striking tools, driil presses, and grinding tools, and demonstrate the use of avail-
able eye flushing equipment.

Review any special safety rules of the school, and impress upon students the imnor-
tance of signing the safety pludge in Assignmerit Sheet #1.

Review the accident/first aid situations presented in Assignment Sheet #2 and add
other situatiuns you feel need to be stressed with your students or problems peculiar to
your class/shop area.

Contact your state Safety Council or equivalent agency for good safety films, or check
with your iocal Red Cross; show safety filmis at monthly intervals as they are available
to impress upon students the need for thinking “safety” ail the time.

Give test.
CONTENTS OF THIS UNIT
Objective shest
Information sheet
Transparancy masters
1. Tm 1 — Fire Safety

2. TM 2 — Rescue Procedures
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CONTENTS OF THIS UNIT

3. TM 3 — Pressure Points
4, TM 4 — Accident Report Form
Assignment sheets
1. Assignment Sheet #1 — Complete a Student Safety Pledge
2. Assignment Sheet #2 — Select Proper First Aid Procedures
Test
Answers to test
REFERENCES USED !N DEVELOPING THIS UNIT

The American Red Cross. Standard First Aid and Personal Safety. Garden City, NJ: Dou-
bleday and Co., Inc., 1978.

Henderson, John, M.D. Emergency Medical Guide. New York, NY: McGraw-Hill, 1963.

Kansas Safety Education Handbook, Volume lil. Wichita, KS: Kansas State Department
of Education in Cooperation with the Wichita Public Schools, U.S.D. 259, 1981.

Kidde Portable Extinguishers, The ABC's of Fire Prevention. Belleville, NJ: Walter Kidde ‘
& Co,, Inc., 1578.
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SAFETY AND FIRST AID
UNIT i

INFORMATION SHEET

Terms and definitions

A.

Safety - State or condition of being safe; freedom from canger, risk, or
injury

Accldent —~ Any suddenly occurring, unintentional event whlch causes per-
sonal injury or property damage

First ald — Immediate, temporary care given the victim of an accident or
sudden liiness until the service of a physician can be obtained

Pressure points — Points on the body where arteries pasé'close to the sur-
face of the skin and In front of bone structure so that pressure forcing the
artery against the bone can check the flow of biood to a specific part of the
body

Combustible — Materials or liquids that catch fire easily

Hyglene — The sclence of good heaith and Its maintenance, including sani-
tary practices and cleanliness

Tetanus — An acute, infectious disease that usually entere the body
through cuts or wounds; characterized by spasmodic contractions or rigid-
ity of some voiuntary muscies and frequently referred to as iockjaw

Tourniquet — A bandage or strap twisted arocund a limb to compress the
flow of blood through arteries and check severe bleeding; previously a rec-
ommended first ald procedure, but now recommended not at all or only in
life-threatening situations

Benefits of safe working practices

nmm o 0 B P

Eliminates the pain or discomfort of personali injury

Eliminates the loss of equipment or the expense of repair

Eliminates lost time and lost wages

Contributes to the psychological well being of all employees

Contributes to productivity and job security

Fuifilis the moral obligation a worker has to employer and feliow employees

2t
’

4
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V.

INFORMATION SHEET

The major causes of accidents

A

Rules

Unsafe condition — May be caused by improper design, improper installa-
tion, or improper maintenance of a tooi, machine, or any piece of equip-
ment

Example: Unguarded machinery, mushroomed heads on striking tools,
poor housekeeping, ard poor lighting are all unsafe conditions

Unsafe act — The violation of a commonly accepted safe practice

Example: Removing machinery guards, throwing material instead of car-
rying it, improper lifting, and horseplay are all unsafe acts

Combination causes — An unsafe condition combined with an unsafe act
causes the majority of accidents

Example: Firmly grasping a wrench being pushed toward an open metal
edge can severely injure knuckles and fingers if the wrench
slips or the nut loosens sooner than expected

for good housekeeping

Keep tools and materials out of passageways

Stack materials neatly away from passageways, walkways, electrical out-
lets, and work areas

Place scraps that can't be used in awvash can; return materials that can still
be used to stock

Immediately wipe up any oil or water that you or anyone else may have
spliled on the floor

Store all rags in a fire-proof metal container with a tight lid

Dispose of oily rags that will not be used again, and be sure to place them
in a proper receptacle

Practice good housekeeping at all times because it is c=e of the most
Important parts of accident prevention

Inspect electrical cords and plugs before using them, and do not carelessly
pull or drag an electrical cord when using it

Return tools and unused materials to proper storage when you're through
with a job, and make sure the tools are clean and dry

Remember the motto for good housekeeping: a place for everything and
everything In its place




INFORMATION SHEET

Baslc rules for safe use of tools and equipment

A.  When using a screwdriver, support the work on a bench or against a solid
surface

B.  When using a wrench, pull it toward the body to prevent smashing your
hand if the wrench should slip

C. Do not strike a mushroomed punch or chisel, pieces of it may strike you in
the eye or the hammer may siip and injure your hand

D.  Wear safety goggles when using striking tools
Be especially careful of burrs and fish hooks which are left on the edge of
sheet metal; they can cause severe cuts

F Never use a file without a handle; the tang could easily plerce your hand
and cause a serious injury

G. V\llhen working with a drill press, remove the chuck and clamp the work in
place

H.  When grinding or polishing, always wear safety goggles

l Nevar operate a machine from which the guards have been removed

J. Do not iet molten solder come in contact with wet metal because the solder
will blow up In your face and eyes
(NOTE: Only fools solder without wearing safety glasses.)

K. Do not let soldering acid get on your skin or in your eyes because It can
cause serlous injury

L. NEVER NEVER use oll near oxyacetylene welding equipment; the interac-
tion of oxygen and oli can cause a violent explosion

M.  Wear cutting goggles when working with oxyacetylene cutting equipment

Steps in lifting safely

A. Size up the load to make sure you can safely handle it alone, and then place

your feet close to the object and about 12" apart (Figure 1)
FIGURE 1
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INFORMATION SHEET

Bend your knees, get a good hand hold, then use both legs and back mus-
cles to lift tha load straight up as you push with your legs and keep the load
close to your body (Figure 2)

FIGURE 2

Do not turn or twist until you have the load lifted into a carrying position,
and then move your feet to turn your body as you check your path of travel
to make sure it's clear (Figure 3)

FIGURE 3

Lower the load by bendin? your knees, and remember to store heavy
objects at least 12" off the fioor (Figure 4)

FIGURE 4

6O
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VL.

INFORMATION SHEET

Specilal lifting rules for appllance repalr

A.

Heavy appliances such as washers and dryers should aiways be trans-
ported on an appliance dollie and securely tied with a restraining strap

(CAUTION: Side ralls on a good appllance dollle should be padded, and If
they aren’t, portable padding should be uscd to avoid scarring the finish on
the cabinet.)

An appliance flipper should always be used to turn heavy anpliances
because it will protect your back, avoid damage to the appliance, and pro-
tect a customer’s floor

In cases where heavy appliances have to be loaded on a truck, always work
with a helper unless the truck is equipped with a nydraulic taii gate lift such
as a Tommy Lift

Fire satety rules

A
B.

Report immediately anything that might be a potential fire hazard

Know the location and the proper operation of fire extinguishers and make
sure they have been recently checked

Know where the nearest telephone is and make sure the number of the
nearest fire department is listed on the phone

Know the procedure for evacuating the building and the location of all fire
exits in case one or more exits may be blocked

Smoke only at authorized times and in authorized areas and make sure cig-
arette butts are completely extinguished and properly discarded

Examine materials and equipment around the workplace to determine what
types of fires might occur, then make sure available fire extinguishers are
corract for the classes of fires that might occur

Isolate combustible materiais in fire-resistant areas

Dispose of rubbish regularly

Conduct fire drills at regular intervals to make cure the alarm can be heard
over shop noises, and that everyone knows evacuation routes, exits, and
reassembly points

Don't stack anything in front of a fire extinguisher

Know where electrical and gas cut-offs are located so you can reach them
quickly if an emergency demands
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INFORMATION SHEET ]

IX. Classes of tires and their causes (Transparency 1)

A. Class A fires — Result from ordinary combustibles such as wood, paper,
and cloth

B. Class B fires — Result from fiammable liquids such as gasoline, olii, paint,
solvents, and grease

C. Class C fires — Resuit from electrical wires, switches, and motors
X. Types of fire extinguishers and their recommended uses (Transparency 1)
Foam — Recornmended only for Class A and Class B fires
Soda acid — Recommended only for Class A fires
Pump tank — Recommended only for Class A fires
Multi-purpose dry .nemical — Recommended for all classes of flres

Ordinary dry chemical — Recommended for only Class B and Class C fires

mm o o0 w »

Halon — Recommended for only Class B and Class C fires

(NOTE: Because of its expense, Halon should not be used on a Class A fire,
and although it can be used on a Class B fire, it is usually reserved for Class
C use around computer rooms or high-density e!actronic instaliations
because it leaves no residue to damage sensitive parts or components.)

Xl.  Types of fire extinguishers and their recommended operations

. Foam — Allow foam to fall lightly onto the fire, not directly into the fire,
especlally a burning liquid (Figure 5)

FIGURE 5




MAR-35

INFORMATION SHEET

B. Carbon dlexide — Get as close to the fire as possible, and direct the dis-

charge at the edge of the flames and work graduaily forward and upward
(Flgure 6)

(NOTE: A Halon flre extinguisher should be used In the same way as a car-
bon dloxide extingulsher.)

FIGURE 6

C. Soda acld and pump tank — Direct the stream at the base of the flames
(Figure 7)

FIGURE 7

D. Dry chemlcal — Direct the stream at the base of the flames, and then
directly at materlal left burning (Figure 8)

FIGURE 8
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INFORMATION SHEET

Speclal cafety requirements for appllance repalr

A.

Working with washers, cishwashers, and garbage disposers exposes tech-
nicians to electrical/water hazards that demand special attention

Always make sure the appliance is unplugged or removed from its power
source before working with water lines or hoses

(NOTE: Undercounter dishwashers, garbage disposers, and many ranges
usually require tripping a breaker or removing a fuse.)

When loosening water-carrying connections, hold a shop towel around the
connection so water won't spray onto adjacent electrical components

Drain water into a pan, but do not permit water to drain onto a floor, espe-
cially in a customer's home

(NOTE: Some shop areas have direct drain facilities, but on a house call,
water on a floor is unsightly and dangerous.)

When testing a water-carrying connection that has just been made up, hold
a shop towel around it until you know it doesn't leak

Tools exposed to water should be thoroughly dried and lubricated before
putting them away

Never set electrical test instruments on a wet surface

Make sure all equipment that you install or work on is properly grounded

Use compressed gases with care

Never direct a compressed air hose in the direction of another worker

Special rules for eye protection

A

B.

Safety glasses should be worn at all times in the shop

Safety goggles with proper shaded lenses mus* be worn when working with
oxyacetylene cutting equipment

Safety goggles should be worn when soldering
A face shield should be worn when grinding

Any form of eye protection worn should be kept clean so it will not impair
the view of materlals or the work area

6
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XV.

XVl

INFORMATION SHEET

Ways to recognilze shock

A
B
C.
D
E
R

Skin is pale or bluish

Skin may be moist and clammy, even cold to the touch
Victim feels weak

Puise is rapid and weak

Breathing rate is fast and irregular

Victim may be confused or incoherent

Steps In treating shock

A.
B.

E.

F.

Notify supervisor or instructor IMMEDIATELY
DO NOT DELAY immediate first aid treatment; It can be life saving

Eliminate the causes of shock, control bleeding, or administer artificlal res-
piration if the victim is not braathing

Keep victim lying down with feet slightly elevated

(CAUTION: If the victim has sustained a head or chest lijury, do not elevate
tho feet. Leave the victim lying flat, and when In doubt about the nature of
the wound, leave the victim lying fiat.)

Cover the victim to retain body heat, but do not make the victim sweat

Give no liquids or food to a shock victim

First ald for victims of electrical shock (Transparency 2)

A.

Remove the victim from the electric. | source or cut off the electrical source
as quickly as possible

1. Inashop area where electrical breakers can be reached quickly, shut
off power before touching the victim

2. Inany situation where the power cannot be shut off, uge a dry stick, a
rope or lsather belt, or a coat or blanket to separate the victim from
the source of electricity

Have someone call for medical assistance immediately

ifs
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XVIil.

F

INFORMATION SHEET

Check victim’s breathing and heartbeat:

1. If pulse is present, but breathing has stopped, administer mouth to
mouth resuscitation

2. If heartbeat has stopped, administer cardiopulmonary resuscitation,
but only if you have been properly trained

Treat for shock by keeping the victim warm with legs raised slightly above
the level of the head

Treat for electrical burns by wrapping the burned area with sterile gauze,
and as you treat for burns, cover your mouth with a handkerchief to keep
germs away from the burns

Continue treatment until medical help arrives

First ald gQuidelines for common workplace Injurles

A.

Minor cuts should be cleaned with soap and water, rinsed, and covere( with
a dry, sterlle dressing

Puncture wounds should be cleaned with soap and water, rinsed, then
cleaned and rinsed again before covering with a dry, sterile dressing

Slivers and splinters that do not penetrate deeply should be treated as
puncture wounds, but splinters that penetrate deeply should be removed by
a doctor

Regardiess of severity, all cuts, punctures, and splir:ter injuries should be
treated Immediately to avold infection

Depending on the cause of the cut, puncture, or splinter wound, it Is usually
wise to consider tetanus a hazard

Report all cuts, punctures, splinter wounds, and abrzsions to your supervi-
sor or Instructor

First ald guidalines for workplace burns

A.
B.

Always treat the victim for shock

In the case of a chemical burn, wash off the chemical with large quantities
of running water and cut clothing off the affected area

In the case of thermal burns, cut away clothing from the area of the burn,
but d» not try to remove materlal that adheres to the burn

With all burns, apply a thick, ste:lle dressing to prohibit air from reaching
the burn

foe,
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XXI.

INFORMATION SHEET

Steps In controlling biesding

A.

Place a compress of sterile gauze or the cleanest availabie material directly
over the bleeding site

Press firmly with fingers or palm of one hand

Elevate the bleeding parts above the heart level unless there is evidence of
a fracture

If blood soaks through the first compress, place another compress on it,
but do not remove the first cc  ess

Secure compress with a pressure bandage
Treat for shock

If there is a severe life-threatening hemorrhage, AND ONLY AS A LAST
RESORT, APPLY A TOURNIQUET

(CAUTION: There is an enormous pressure bulid-up at the point of tournl-
quet application. Premature loosening of the tourniquet could cause an
excessive loss of blood, and that is why a tourniquet, once applled, should
not be loosened except by a physician or on the advice of a physician.)

Pressure points for checking bleeding (Transparency 3)

A.

Bleeding from the front of the face can often be controlled by pressing the
facial artery

Bleeding from the armpit, or sometimes the entire arm, can often be con-
trolled by pressure on the subclavian artery

Bleeding from an arm can often be controlled by pressure on the brachial
artery

Bleeding from a leg can often be controlled by deep pressure on the femo-
ral artery

(CAUTION: The pressure point selected must be. between the heart and the
wound. instruction by a qualified first ald instructor is the best way to learn
where pressure points are and how to he sure the right one Is selected.)

First ald for eye Injurles

A.
B.

Every eye injury should receive immediate first aid attention

Notify your supervisor or instructor immediately

™
3
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INFORMATION SHEET

For an apparent minor object In the eye, have the person wink several
times. If the tears produced by wlnkln%do not remove the object, assume
that the object Is embedded and use the following procedure:

1. Have the victim close his or her eyes

2. Put a plece of molst cotton over the closed lid

3. Place a bandage over the cotton

4. Get the victim to a doctor as soon as possible

When the eyeball has been obviously scratched or penetrated, apply a ster-
lle dressing, bandage loosely, and get medical help iImmediately

Never permit the victim of an eye Injury to rub his or her eye

When In doubt about any eye Injury, seek the most immediate medical
attention whether it's on the job or In the classroom

Even though damage may be confined to one eye, It is sometimes best to
bandage both eyes with a sterile dressing so the victim will not have a ten-
dency to move the damaged eye

For chemical or acld splashes, flush the eyes repeatedly at an eye-flushing
station or use a bottled, portable flushing solution, then seek Immediate
medical assistance

Qeneral guidelines for first ald emergencles
A.

Never hesitate to administer first aid when It Is needed

(CAUTION: Resuncitation procedures require speclal trainirng and should
not ke practiced by untrained persons.)

Always have a reason for what you do
Reassure the Injured person that everything possible is being done

sNOTE: Hearing the concerned voice of a co-worker Is psychologically com-
orting to an injured persron and can actually lessen the degree of shock.,)

Malte accurate notes about the accident including name of victim, time,
?Iﬁe‘cf. cause or nature of the accident, and any first ald that was adminis-
e

Do not notify the victim's famlly because this Is the responsibility of the
school, the jobsite supervisor, or the medical facility

Report all accidents and Injuries to your instructor or jobslte supervisor, no
matter how minor they may seem to be

File a complete accident report and submit a copy to the proper persons
(Transparency 4)

(NOTE. Follow emergency procedures that have been adopted by local
school board.)

i
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KIND

OF FIRE

APPROVED TYPE OF EXTINGUISHER

DECIDE THE
CLASS OF

FIRE YOU ARE

FIGHTING. .

|

.. ITHEN
CHECK THE
COLUMNS

. TO THE
RIGHT OF
THAT
CLASS
Summmemrsornrmliii.

WIATCH UP PROPER EXTINGUISHER WITH CLASS O+ FIRE SHOWN AT LEFT
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CARBON
DIOXIDE
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Dioxide
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Water
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Water Ex-
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MULTI-
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DRY
CHEMICAL
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DRY
CHEMICAL
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CLASS A FIRES
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-
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* WOOD
* PAPER
¢ CLOTH

ETC.
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-
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* OILS, ETC.
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ETC.
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Rascu¢ Procedure

\//
To move a victim away from a live \.

electrical circuit use a nonconductor L

such as a iong dry wooden or plastic pole.

ErHVYAN
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® Pressure Points

Facial
Subclavian

Brachial

Birachial

Femoral

™3
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@ Accident Report Form

STANDARD STUDENT ACCIDENT REPORT FORM
Information on ALL Accidents

1. Name: | Home Address:
2. Schoot- . Sexs M F[O. Age: —— Grade or classification:
3 Time accident occurred. Hour AM.: P.M. Date:
4 Plae of Accident: School Building [ School Grounds [ To or from School (] Home (] Elsewhere (0
Abrasion ——  Fractuce — DESCRIPTION OF THE ACCIDENT
> :;" ":".:'::gn — %::f;;tu:: ~ | How did accident happen® What was student doing? Where was student?
w : B,,‘; J " Puncure | List specifically unsafe acts and unsafe conditions existing. Specify any tool,
; 2 | Bruise e Scalds | machine or equipm:nt involved.
o 2 Buen ———  Stratches —_
; w | Concussion  ___ Shock (el.)
0| Cu — Sprain —
Dislocation e
Other (specify)
Abdomen —  Toot —
Ankle —— Hand S
; Amm weww Head —— _
2 Back ——— Knee
8 Chest - Leg —
w & | Ear ——  Mouth —
O3 | Elbow . Nose —_ -
- Z | Eye ——.  Scalp R
« Face w— Tooth v—
-~ Finger — Wrist -
Other (specify)

Degree of Injury: Death (] Permanent Impairment [T} Temporary Disability (] Nondisabling [
Total number of days lost from school: (To be filled in when student returns 0 school)

Part B. Additional Information on School Jurisdiction Accidents

~ol|

8. Teacher in charge when accident occurred (Enter name)
\ Present at scene of accident: No: Yes:
9. E First.ard treatment .. By (Name):
] = Sent to school nurse . By (Name):
« = | Sent home —ew By (Name).__
'és Sent.to physician  ____ By (Name):
3 E Physician's Name:
& O | Sent to hospital —eewe By (Name):
« Name of hospital: ___ .

10. Was a parent or other individual notified? No . Yes: When: _ . How:
Name of individual notifed: -
By whom? (Enter name):

1. Witnesses: 1, Name: Address:
2. Name: Address:
12. Specify Activity Specify Activity Remarks
Athletic field Locker ——— What recommendations do you have for pre-
Auditorium  ____ Pool e | venting other sccidents of this type? _______
3 Cafeterta ———a— . Sh. grounds
> Classroom — shop
o
9 Corridor eeeeeeeee. Showers —
hir} Dressingrootd . Stairs
Gymnasium . __ — . Toilets and
Home Econ. ... . __ washrooms  __
Laboratories ___ ——ceeme. Othier (specify) e e
Signed: Principa mue Teacher:
Ill‘:'::‘“i:‘l‘;‘i?m Councel. Form School 11 Printed in US A Stock No, 42921
‘ ™ 4
) ' .
l:lk\l‘c L)




SAFETY AND FIRST AID
UNIT Il

ASSIGNMENT SHEET #1 — COMPLETE A STUDENT SAFETY PLEDGE

STUDENT SAFETY PLEDGE FOR VOCATIONAL APPLIANCE REPAIR

» Who Is enrolled in vocational appliance repalr
studies at , - , Will, as a pan of the tralning pro-
gram, operate machines and equipmient. This activity requires the written permission of par-
ent(s) or guardian.

It Is understood that each student will be given proper instruction in the safe use of . . 1es
and equipment before being allowed to operate the machines or e uipment alone. Further, the
student wlil be instructed in rules and regulations and safety requirements for classroom and
shop activities. The student must assume responsibility for conducting him/herself In a safe
manner, and it is requested that the student sign the following student safety pledge:
1. | PROMISE TO ABIDE BY ALL SAFETY RULES FOR THE SHOP AS FOLLOWS:
a. To wear eye protection at all times in the shop area

b. To use hand tools, bench tools, and floor tools only after proper instruction and
only with the instructor’s permission

c. To use all tools and equipment only for their intended purpose

d. To exhibit a concern for tools and equipment by returning them to proper storage
areas after use .

e. To contribute to good housekeeping requirements and to keep the shop area
clean and safe

f. To ablde by all fire regulations and to respect smoking rules
g. To avoid horseplay at all times
h. To follow ali rules and regulations of the school
2. | WILL REPORT ALL ACCIDENTS TO THE INSTRUCTOR IMMEDIATELY
Date STUDENT’S SIGNATURE

As parent(s) or guardian of , | hereby
give consent for my son/daughter to operate all machines and equipment necessary for
carrying out the requirements of the appliance repair course In which he/she is enrolied
(parent or guardian signature not required for students of legal age).

DATE
PARENT(S) OR GUARDIAN SIGNATURE

(NOTE: Parents are cordially invited to visit the schooi and inspect the appliance repair
program at any convenient time.)

MAR-49
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SAFETY AND FIRST AID
UNIT I

ASSIGNMENT SHEET #2 — SELECT PROPER FIRST AID PROCEDURES
Directions: The following statements present situations in which first aid is required; read the
statements caretully and provide answers as indicated.

A. A fellow student has suffered a minor cut working with a washer; you have cleaned the
cut with mild soap and water and rinsed the cut off, but the cut stiil looks as if it might
have dirt on it.

1. What would you do next?

2.  What would you do after that?

B. A feilow student complains of a splinter in her wrist; you examine it and find that the
splinter is deeply embedded.

1. What would you use to remove the splinter?

2. What would you do next?

C. A fellow student has just had a hard burnp on the head; a few moments later he com-
plains of feeling weak; you reach over to help him to a chair and notice that his skin
teels moist and aimost coid to touch.

1.  What is probably wrong?

2.  What would you do?

D. A fellow student has suffered a bad cut; you have cieaned the cut and applied a com-
press to it, but in & few minutes the comp.ress is bloody and messy.

1. Should you remove the bl od-soaked compress?

2.  What would you do next?

E. A fellow student has suffered an eye injury, and it appears that a small piece of metal
may be embedded in the eyeball.

1. What wouid you do f'~st?

2.  What would you do next?




ASSIGNMENT SHEET #2 .

F A fellow student has suffered an eye injury, nothing appears to be embedded in the eye-
ball and the res: of the eye appears to be free of any foreign matter, but the student
complains of great pain.

1. What would you do if this happens in the school shop?

2. What should you do If this happens on the job?

G.  You have just assisted in administering first aid to a fellow worker with a bad cut; the
cut has been cleaned, the compress that was applied is doing a good job, and every-
thing is under control.

1. What should you do next

2.  What should you do after that?




SAFETY AND FIRST AID
UNIT |

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1 — Evaluated to the satisfaction of the iristructor

Assignment Sheet #2

A.

1.

2,

Clean the cut again

Cover with a dry sterile dressing

Nothing; deeply imbedded splinters should not be removed
Notify supervisor or instructor

The student is probably suffering from shock

Treat for shock

No

Apply another compress over the first one

Apply a sterile dressing

Bandage loosely and get medical help immediately
Seek the most immediate medical attention

Seek the most immediate medical attention

MAR-53

Make notes abcut the accident: name of victim, time, place, cause, or nature of

the accident, and any first aid that was administered

Report the accident to your instructor or supervisor

~3
-3




SAFETY AND FIRST AID
UNIT Ii

NAME

TEST

Match the terms on the right with their correct definitions.

a. State or condition of being safe; freedom 1. First aid
from danger, risk, or ihjury

2. Tetanus
—D. Any suddenly occurring, unintentional event .
which causes personal injury or property 3. Pressure points
damage
4. Hygiene
c. im:nediate, temporary care given the victim
of an accident or sudden iliness until the 9 Tourniquet
service of a physician can be obtained
6. Safety
——d Points on the body where arteries pass
close to the surface of the skin and in front 7. Combustible
of bone structure so that pressure forcing 8. Accident

the artery against the bone can check the
flow of blood to a specific part of the body

e. Materiais or liquids that catch fire easily

—f The science of good health and its mainte-
nance, including sanitary practices and
cleaniiness

—_g An acute, infectious disease that usually
enters the body through cuts or wounds;
character:zed by spasmodic contractions or
rigidity of some voluntary muscles and fre-
quently referred to as lockjaw

—h. A bandage or strap twisted around a limb to
compress the flow of biood through arteries
and check severe bleeding; previously a rec-
ommended first ald procedure, but now rec-
ommended not at all or only in
life-threatening situations

Complete ¢. list of benefits of safe working practices by circling the word(s) that best
completes each statement.

a. :liminates the pain or discomfort or personal (injury, embamrassment)

b. Eliminates the loss of equlpment or the expanse of (repalr, cleanup)

e JAR
4

>,
\’
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TEST

Eliminates lost time and lost (wages, esteem)
Contributes to the psychological well being of (only the boss, all employees)
Contributes to productivity and job (security, promc lons)

Fulfilis the (soclal, moral) obligation a worker has to employer and fellow employ-
ees

Select true statements concerning the major causes of accidents by placing an “X” in
the appropriate blanks.

(NOTE: For a statement to be true, all parts of the staterment must be true.)

a. Unsafe condition — May be caused by improper design, improper installa-
tion, or improper maintenance of a tool, machine, or any plece of equip-
ment

b. Unsafe iact -~ The violation of a comnionly accepted safe practice

C. Coimbination causes — An unsafe condition combined with an unsafe act
causes the fewest accidents

State the motto for good housekeeping.

Complete statements concerning basic rules for safe use of tools and equipment by
Inserting the word(s) that best completes each statement.

a

When using a screwdriver, the work on a bench or against a solid
surtace

When using a wrench, pull it
hand if the wrench should slip

the body to prevent smashing your

Do not strike a mushroomed punch or chisel, pieces of it may strike you Iin the
or the hamimer may slip and injure your

Wear safety when using striking tools

Be especially careful of burrs and fish hcoks which are left on the edge of
; thov can cuuse severe cuts

Never use a file without a ; the tang could easily pierce your hand
and cause a serious injury

When working with a drill press, remove the chuck and the work
in place

79
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® TEST

h. When grinding or polishing, always wear safety

I, Never operate a machine from which the have been removed

e Do not let molten solder come in contact with metal because the
solder will blow up in your face and eyes

k. Do not let soldering get on your skin or in your eyes because it
can cause serious injury

1. NEVER NEVER use near oxyacetylene vvelding equipment; the
interaction of oxygen and can cause a violent explosion

m.  Wear goggles when working with oxyacstylene cutting equip-
ment

6.  Arrange in order the steps in lifting safely by inserting the correct sequence number in
the appropriate blank.

a. Bend your knees, get a good hand hold, then use both legs and back mus-
cles to lift the load straight up as you push with your legs and keep the
’ load close to your body

—_ b Lower the load by bending your knees, and remember to store heavy
objects at ieast 12" off the tloor

c. Size up the load to make sure you can safely handle it alone and then
place your feet close to the object and about 12” apart

. —_d. Do not turn or twist until you have the load lifted into a carrying position,
and then move your feet to turn your body as you check your path of travel
to make sure it’s clear

7. Select true statements concerning special lifting rules for appliance repair by placing
an “X" in the appropriate blanks.

a. Heavy appliances such as washers and dryers should always be trans-
ported on an appllance dnllie anr securely tied with a restraining strap

—— b An appliance flipper should always be used to turn heavy appliances
because it will protect your back, avoid dameae to the appliance, and pro-
tect a customer’s floul

c. In casas where heavy appliances have to be loaded on a truck, always
work with a helper unless the truck is equipped with a hydraulic tail gate
‘ lift such as a Tommy LIft

Q 8()
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TEST

Complete statements concerning flre safety rules by Inserting the word(s) that best
completes each siatement.

a.

h.

Repnrt immediately anything that might be a fire hazard

Know the location and the proper
sure they have been recently checked

of fire extinguishers and make

Know where the nearest is and make sure the of
the nearest fire department is listed on the

Know the procedure for the building and the location of all fire
exlits n case one or more exits may be blocked

Smoke only at times and in areas and make sure
cigarette butts are complete extinguished and properly discarded

Examine materials and equipment around the workplace to determine what
of fires might occur, then make sui ; available fire extinguishers

are correct for the of fires that might occur

Isolate materials in fire-resistant areas

Dispose of regulariy

Conduct fire ot regulasinterv::  + make sure the alarm can be
heard over shop nolises, and that everyone k= . avacuation routes exits, and

reassembly points

Don't anything in of a fire extinguisher

Know wherg and
reach thein quickly if an emergency demands

cut-offs are located so you can

Match classes of fires with their causes.

a. Fesuit from ordinary combustibles such as 1. Class B fires
wood, paper, and cloth
2. Class C fires

—b. Result from flammabl= liguids ¢ uch as gty

oline, oil, paint, soivents, and yrease 3. Class A firas
C. Result froni electrical wires, switches, and
motors
-
& i
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1.

12,

TEST

Match types of fire extinguishers with their recommended uses.

a. Recommended only for Class A and Class B 1. Pump tank

fires
2. Soda acid
—b. Recommended only for Class A fires
3. Halon
c. Recommenderi only for Class A fires
4. Foam

—d Recommended for all classes of fires

5. Multi-purpose dry

e. Recommended for only Class B and Class C chemical
fires
6. Ordinary dry chemi-
—_ Recommended for only Class B and Class C cal
fires

Match types of fire extinguishers with their recommended operations.

a. Allow foam to fall lightly onto the fire, not 1. Carbon dioxide
directly into the fire, especially a burning lig-
uld 2. Dry chemical

—Db. Get as close to the fire as possible, and 3. Foam

direct the discharge at the edge of the
flames and work gradually forward and 4. Soda acid and pump
upward tank

C. Direct the steamn at the base of the flames

——d. Direct the steam at the base of the flames,

and then directly at material left burning

Complete statements concerning special sarety requirements for appliance repair by
inserting the word(s) that best completes each statement.

a.

Working with washers, dishwashers, and garbage disposers exposes techni-
cians to hazards that demand special attention

Always make sure the appliance is or from its
source before working with water lines or hoses

When loosening water-carrying connections, hold a shop towel arc und the con-
nection so water won't spray onto adjacent components

Draln water into a pan, but do not permit waier to drain onto a floor, especlally in
a

¢
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TEST

When testing & water-carrying connection thai has just been made up, hoi.! a
around it until you know it doesn’t leak

Tools exposed to water should be thoroughly dried and before
putting them away

Never set electrical test instruments on a surface

Make sure all equipment that you install or work on is properly

Use gases with care

Never direct a in the diraction o/
another worker

Complete statements concerning special rules for eye protection by inserting the
word(s) that best completes each statement.

a

b.

Safety should be worn at all times in the shop

Safety with proper shaded lenses must be worn when working
with oxyacetylene cutting equipment

Safety should be worn when soldering
A should be worn when grinding
Any form of eye protection worn shouid be kept so it will not

impair the view of materials or the work area

Select true statements concerning ways to recognize shock by placing an “X” in the
appropriate blanks.

a. Skin looks flushed and reddish

—b. Skin may be moist and clammy, even cold to the touch

C. Victim feels weak
d. Pulse is rapid and strong

e. Brea:hing rate is fast and irregular

S Victim may be confused or incoherent

O
()u
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TEST

15.  Arrange in order the steps in treating shock by placing the correct sequence number in
the appropriate blank.

a. Eliminate the causes of shock, control bleeding, or administer artificial
respiration if the victim is not breathing

S ) Notify supervisor or instructor IMMEDIATELY

c. DO NOT DELAY immediate first aid treatment; it can be life saving

—d. Cover the victim to retain body heat, but do not make the victim sweat

e. Give no liquids or food to a shock victim
e Keep victim lying down with feet slightly elevated

16. Complete statements concerning first aid for victims of electrical shock by inserting
the word(s) that best completes each statement.

a. Rsmove the victim from the electrical source or cut off the electrical source as
quickly as possible

1) In a shop area where slectrical breakers can be reached quickly,
—_ — before touching victim

2) In any situation where the power be shut off, use a dry
stick, a rope or leather belt, or a coat or blanket to separate the victim
from the source of electricity

b. Have someaone call for medical agsistance

c. Check victim’e breathing and heartbeat:

1)  If pulse is present, but has stopped, administer mouth to
mouth resuscitation

2 If has stopped, administer cardiopuimonary resuscita-
tion, but only if you have been properly trained

d. Treat for shock by keeping the victim with legs raised slightiy
above the level of the head

e. Treat for electrical burns by wrapping the burned area with
gauze, and as you treat for burns, cover your mouth with a handkerchief to keep
germs away from the burns

f. Continue treatment until help arrives




A2

17.

18,

19.

TEST
Select true statements concerning first aid guidelines for common wcrkplace injuries
by placing an “X" in the appropriate blanks.

—a Minor cuts should be cleaned with soap and water, rinsed, and covered
with a dry, sterile dressing

b.  uncture wounds should be immediataly bandaged

c. Slivers and splinters that do not penetrate deeply shiula &9 lreated as
puncture wolinds, but splinters that penetrate deeply should be taken out
with tweezers

S ¢ § Regardless of severity, all cuts, puncturas, and splinter injuries should be
treated immediately to avoid infection

e. Depending on the cause of the cut, puncture, or splinter wound, it is usu-
ally wise to consider tetanus a hazard

—_—f Report all cuts, punctures, splinter wounds, and abrasions to your Supervi-
sor or instructor

Select true statements concerning first sid guidelines for workplace burns by plac’ng
an “X” in the appropriate blanks.

—_—a. Always treat the victim for shock

. In the case of a chemical burn, wash off the chemical with large quantities
of running water and cut clothing off the affectad area

c. In the case of thermal burns, cut away clothing from the area of the burn,
but do not try to rernove material that adheres to the burn

d. With all burns, leave uncovered so air can reach the burn

Arrange in order the steps in controlling bleeding by placing the correct sequence num-
ber in the appropriate blank.

——a. Treat for shock

—b. If ther is a severe life-threatening hemorrhage, AND ONLY AS A LAST
RESORT, APPLY A TOURNIQUET

C. Elevate the bleeding parts above the heart level unless there is evidence
of a fracture

—_—d. Place a compress-of sterile gauze or the cleanest available material
directly over the bleeding site

e. Secure compass ‘with a pressure bandage

SR £ If blood soaks through the first compreas, place another co:npress on It,
but do not remove the first ¢ mpress

—. Press firmly with fingers or palm of one hand

%
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21,
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TEST
Complete statements concerning prassure points for checking bleeding by circling the
word(s) that best completes each statement.

a. Bleeding from i..e front of the face can ofter 2 ~ontrolied by pressing the (femo-
ral, faclal) artery

b. Bleeding {rom the armpit, or sometimes the entire arm, ¢an often be controlled
by pressure on the (subclavian, femoral) artery

c. Bleeding from an arm can often be controlled by pressure on the (brachial, taclal)
artery

d. Bleeding from a leg can often be controlled by deep pressure on thu (femoral,
brachlal) artery

Select true statements concerning first aid for eye injuries by placing an “X” in the
appropriate blanks.

(NOTE: For a statement to be true, all parts of the statement must be true.)

— Every eye injury should receive immediate first aid attention

—_—b. Notify your supetvisor or instructor immediately

c. For an apparent m.inor object in the eye, have the person wink several

times. If the tears produced by winking do not remove the object, assuine
that the object is Imbedded and use the following procedure:

1) Have the victim close his or her eyes

2) Put a piece of moist cotton over the closed lid
3) Place a bandage over the cotton

4) Get the victim to a doctor as soon as possible

—t When the eyeball has been obviously scratched or penetrated, apply a
sterile dressing, bandage /oosely, and gat medical help immediately

e. Never permit the victim of an eye Injiry to rub his or her eye

—f When in doubt about any eye injury, seek the most immediate medical
attention whether it's on the job or in the classroom

Ny
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TEST @

S » § Even though damage may be confined to one eye, it is sometimes best to
bandage both eyes with a sterile dressing so the victim will not have a ten-
dency to move the damaged eye

e h. For chemical or acid splashes, 1iush the eyes repeatedly at an eye-flushing
station or use a bottled, portable flushing solution, then seek immediate
medical assistance

22, Complete statements concerning general guidelines for first aid emergencies by insert-
ing the word(s) that best completes each statement.

a. Never to administer first aid when it is needed

b. Always have a for what you do

C. the injured person that everything possible is being done

d. Make accurate about the accident including name of victim,
time, place, cause or naturu of the accident, and any that was

administered

e. Do not notify the victim’s because this is the responsibility of the
school, the jobsite supervisor, or the medical facility ‘
f. Report all accidents and injurles to your instructor or jobsite supervisor, no mat-

terhow ... they may seem to be

a. File a complete report and submit a copy to the proper persons

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

23. Complete a student safet, pledge.

24,  Select proper rirst aid procedures.
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SAFETY AN FIRST AID
UNIT I

ANSWERS TO TEST

1. a 6 e. 7
b. 8 f. 4
C. 1 g. 2
d. 3 h. 5

2. a Injury
b. Repair
C. Wages
d. All employees
e. Security
f. Moral

3. ab

4. A place for everything and everything in its place

Support
Toward
Eye, hand
Goggles
Sheet metal
Handle
Clamp
Goggles
Guards
Wet

Acid

Oil, oil
Cutting

AT oS Q0T

coow
W+ BN

N
»
o
o

Potential

Operation

Telephone, number, phone
Evacuatiny
Authorized, authorized
Types, classes
Combustible

Rubbish

Drills

Stack, front

Electrical, gas

T SE 0000
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10,

11.

12,

13,

14,
15.

16.

17,

ANSW"RS TO TEST

a. 3

b. 1

C. 2

a. 4

b. 1or2

C. 1or2

d. 5

e. 3or6

f. 3oré

a. 3

b. 1

C. 4

d. 2

a. Electrical/water

b. Unplugged, removed, power

C. Electrical

d. Customer's home

e. Shop towel

f. Lubricated

g. Wet

h. Grounded

i. Compressed

j- Compressed air hose

a. Glasses

b. Goqggles

C. Goggles

d. Face shicld

e. Clean

h, c,e,f

a. 3

b. 1

C. 2

d. 5

e 6

f. 4

a. 1)  Shut off power
2) Cannot

b. immediately

c. 1) Breathing
2) Heartbeat

d. Warm

e. Sterile

f. Medical

a,def
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ANSWERS TO TEST

18. a,b,c

19,

o 0 Qa0 U
N2 SONO®

20. a. Facial
b. Subclavian
C. Brachial
d. Femoral

21, a/b,c,d e f,g,h
22, Hesitate
Reason
Reassure
Notes, first aid
Family

Minor
Accident

@ ~Ppoo U

23.  Evaluated to the satisfaction of the instructor

24. Evaluated to the satisfaction of the instructor

~ &
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FUNGAMENTALS OF ELECTRICITY
UNIT 1l

UNIT OBJECTIVE

After completion of this unit, the student should be ablie to discuss the electron theory,
sources of elec tricity, and the difference between direct and aiternating current. The student
should also be able to identify different types of circults, and use ohm’'s law to solve for
unknown voltage, amperage, and current values In selected circuits. These competencies will
be evidenced by correctly completing the procedures outlined in the assignment sheets and
by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

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

1.

&

10.
11.
12,
13.

Match terms related to fundamentals of slectricity with their correct definitions.
Complete statements concerning electricity.

Match sources of electricity with their characteristics.

Select true statements concerning the electron theory.

Complete statements cencerning the importance of electric..) charges.
Complete statements concerning how electron fiow Is created in a conductor.
Solve problems concerning conductors, Insulators, and semiconductors.
Complete statements concerning direct current.

Complete statements concerning aiternating current.

identify basic electrical symbols.

Identify types of circuits.

Complete a liat of elements of a basic circuit.

Complete statements concerning circuit applications.




OBJECTIVE SHEET | ’

Select true statements concerning circ it grounding.

Select true statements concerning electrical measurements.

Match abbraviations with thelr meanings in ohm's law.

Solve problems concerning ohm's law for electricai circuits.

Solve problems using ohm'’s law to find unknown values in a circuit.
Solve problems concerning characteristics of electrical power.
Complete a list of ways ohm’s law is used.

Differentiate between Kirchhoff's laws for voltage and current.
Complete statements concerning working with resistors.

Arrange In order the steps in using the color code to determine resistor value.
Solve problems for an unknown voltage. (Assignment Sheet #1)

Solve problems for an unknown amperage. (Assignment Sheet #2) .

Solve problems for an unknown resistance. (Assignment Sheet #3)

Identify resistor values using a standard color code. (Assignment Sheet #4)




FUNDAMENTALS OF ELECTRICITY
UNIT il

SUGGESTED ACTIVITIES

Provide students with objective sheet.

Provide students with information and assignment sheets.

Make transparencies.

Discuss unit and specific abjectives.

Discuss information sheet.

Invite a representative of a local or area electric company or co-op to taik to the stu-
dents about electrical service in the area, where local electricity is generated, how it is

transmitted to the area, and other particulars about cost and general service.

Select appropriate appliances to demonstrate how serles, parallel, and series-paralle!
circuits are effectively put to practical use.

Select appropriate appliances for use in demonstrating to the class how conductors,
insulators, and semiconductors are put to use in practicai applications.

Use an oscilloscope to demonstrate to the class what aiternating and direct current
look like on a scope.

Discuss the concept of grounding as a necessary part of a circuit function, and impress
upon students the hazards of iinproperly grounded circuits and components.

Give test.
CONTENTS OF THIS UNIT
Objective sheet
Information shest
Transparency masters
1. TM 1 — Electrical Transmisslon
2.  TM 2 — Electricity From Friction
3.  TM 3 — Electricity From Chemical Action
4, TM 4 — Electricity From Magnetism

5. TM 5 — Electricity From Light
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CONTENTS OF THIS UNIT

6. TM 6 — Electricity From Heat
7. TM 7 — Eiectricity From Pressure
8. TM 8 — Structure of an Atom
8. TM 9 — Insulators, Semiconductors, and Cenductors
10. TM 10 — Types of Direct Current
1. TM 11 — Basic Circuit
12.  TM 12 — Ohm's Law—Computing Voltage
13. TM 13 -— Ohm’s Law—Computing Cu. rent
14.  T™M 14 — Ohm’s Law—Computing Resistance
15.  TM 15 — Kirchhoff's Law of Voltage
16. TM 16 — Voltage Drops in a Circuit

17.  TM 17 — Resistor Color/Value Chart

D. Assignment sheets

1. Assignment Sheet #1 — Solve Problems for an Unknown Voltage

2. Assignment Sheet #2 — Solve Problems for an Unknown Amperage

3.  Assignment Sheet #3 — Solve Problems for an Unknown Resistance

4. Assignment Sheet #4 — Identify Resistor Values Using a Standard Color Code
E. Test

F Answers to test

REFERENCES USED IN DEVELOPING THIS UNIT

A. Vorderstrasse, Ron. General Electronic Techniclan. Stillwater, OK 74074: Mid-An‘erica
Vocational Curriculum Consortium, 1986.

B. Lieder, Larry. Really Basic Electricity. Honeywell, Inc., 1982.

C. Baker, Gus E., and Leonard R. Crow. Electricity Fundamentals. Indianapolis, IN 46206:
Howard W. Sams & Co., Inc., 1971. ‘
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CONTENTS OF THIS UNIT
Buban, Peter, and Marshall L. Schmitt. Understanding Electricity and Electronics. New
York, NY: McGraw-Hill, Inc., 1975.
Lister, Eugene C,, Eleuiiic Circuits and Machines. New York, NY: McGraw-Hill, Inc., 1975.

Bacon, Bill and Mack Sutton. Major Appliance Repairer. Austin, TX 78712; The Univer-
sity of Texas at Austin, 1983.
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‘ FUNDAMENTALS OF ELECTRICITY
UNIT Ili

INFORMATION SHEET

. Terms and definitions

A. Closed circuit — A circuit in which there is a complete and unbroken path
for current to flow

B. Open circuit — A circuit in which the path for current has been broken

C. Short circuit — A circuit in which the current has been diverted from its
intended path into a side current of iower resistance

D. Load — A device to which electrical energy is being supplied and used

E. LED (light-emitting diode) — A low voltage bulb used to illuminate numbers
on control panels and other displays

ll.  Electriclty (Transparency 1)

A. Electricity is a form >f energy that can be convertad to light, heat, or
‘ mechanical energy to perform usefui work

B. Electricity exists in nature as stauc electricity and as lightning, but these
forms of electricity do not perform useful work

C. clectricity used for domestic and industrial purposes is generated at power
plants and transmitted by high voitage power lines to towns and cities

D. High voltage electricity from a generating plant usually has to go through a
transformer that steps it down to a lower voltage for home and industry use

E. Electriclty is put to work in the average home in an arrangement of parallel
circuits to supply electricity for lighting, heating, air conditioning, and appli-
ance use

F To benefit people, electricity has to be controlied, and swiiches, solenoids,
transformers and other control devices are what ma'ke major appllances
useful tools for modern living

lll. Sources of electricity and thelr characteristics

A. Friction — Produces static electricity when two materials are rubbed
together (Transparency 2)

Exampie: Sliding your feet across a wool or nylon carpet develops a static
charge that is transfarred from your shoes to your body

€0
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Chemical reaction — Produces direct current electricity in batteries and
cells when dissimilar elements are piaced in a chemical which acts upon
them (Transparency 3)

Example: Flashlight batteries and car batteries both use chemical reac-
tion to creatr: electricity

Magnetism — Produces direct current or alternating current electricity by
moving a conductor through a magnetic field (Transparency 4)

Example: Both DC ard AC motors use magnetism to produce electricity,
and AC induction motors are the ones most used with major
appliances

Photoelectric surfaces — Produce electricity when light strikes them
(Transparency 5)

Example: Go'ar celis in space crafts and photovoltaic cells in generating
plants both produce electricity from sunlight

Heat — Produces electricity when it Is applied to two dissimilar metals that
are next to each other (Transparency 6)

Example: Bimetallic switches in many oven controls and thermocouples
of all kinds operate from electricity produced by heat

Mechanical pressure — Produces electricity when applied to certain crys-
talline substances (Transparency 7)

Example: The crystal in the needle on a record player produces an electri-
cal signai as a result of pressure between the record and the
needle

The electron theory (Transparency 8)

A.

Undersianding =lectricity requires basic knowledge of the structure of an
atom

Neutrons with no charges and protons with positive charges make up the
nucleus of an atorn

Electrons with negative charges orbit the nucleus in paths that are called
shells

Electrons that orbit in inner shells are attracted tc the nucleus, but elec-
trons in the outer shell or “valence” shell can be set free

When energy Is applied to the centrifuga! force in an electron, the electron
leaves its previous orhit and moves to a | qher orbit
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INFORMATION SHEET
Since a valence electrcn has no higher orbit, it will leave the parent atom
and move to another atom

The negative charge of an electron freed from the valence shell is the basic
unlt of electricity

The importance of electrical charges

A.

D.

A man named Coulomb experimented with electrical charges and formu-
lated a law that governs the interaction of negative and positive charges

The two most important electricai relationships established by Coulomb's
law are that:

1.  Like charges repel
Exampie: A negative charge repels another negative charge
2. Unlike charges attract
Example: A positive charge attracts a negative charge
The fact that positive charges attract negative charges is extremely impor-
tant to the movernent of electrons required to create current flow in a con-

ductor

The attraction and repulslon principles help make DC and AC motors work

How electron flow Is created In a conductor

A,

To create electron fiow requires a source of already energlzed electrons like
those found in a battery

The wire or medium that serves as a conductor must have one end con-
nected to the negative sida of the power source and the other end con-
nected to the positive side of the puwer source

The negative charges from the power source energize the negative charges
in the conductor and cause them to start moving

(NOTE: Remember that Coulomb’s law says that electrons will repei other
electrons.)

The positive charges at the other end of the power source attract the elec-
trons from the negative side and reinforce electron flow

The presence of negative charges at one end of the conductor and ihe
absence of negative charges at the other end of the conductor sets up a sit-
uation called a potential difference

> -
ot
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INFORMATION SHEET

The potential difference must be prasent before electrons will flow in a con-
ductor to create eiectric current that can be put to work

Conductors, Insulators, and semiconductors (Transparency 9)

A.  Materlals whose atcms have one or very few valence electrons have little
resistance to electron flow and make good conductors
Example: - Gold, sliver, and copper

B. Materials whose atoms have valence electrons strongly attached to the par-
ent atom have high resistance to electron flow and make good insulators
Example: Mica, glass, porcelain, and ceramic

C. Materials whose atoms have valence electrons that are only moderately
attached to the parent atom can have their resistance manipulated to be

~ high or iow, and these materials are semiconductors

Example: Silicon and germanium

Direct cumrent

A.  The most common source of direct current elgctricity Iis the battery

B. Both wet and dry cell batterles operate on the same principle of two dissim-
ilar metals placed in a chemical that reacts upon them
(NOTE: A liquid electrolyte is used in the wet cell battery, and a chemical
paste is used in the dry cell battery.)

C.  Chemical reaction in a battery creates a potential difference between the
dissimilar elements and creates a condition for electron flow

D. ~otentlal difference is alsn called “voltage” and can be tapped into with
wires and directed to an electrical device or “load”

E. The essentlal characteristic of direct current is that the strength of the cur-
rent may rise o fall, but it never becomes negative

F. When plotted graphically to depict its movement in time, direct current may

be (Transparency 10):
1. Nonfiuctuating
2, Pulsating

3.  Fiuctuating
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Direct current is seidom used with major appliances, but batteries are an
excellent source of power for the study of €:sctrical circuits and electrical
measurements

IX. Altemating cument

A

The essentlal characteristic of alternating current Is that it constantly
reverses Itself above and below a zero base line

When alternating currsnt is deplicted graphicaliy in time, it creates a wave
form that starts at zero, rises to a maximum level, returns to zero, then
reaches another maximum level belovs zero base line, and then repeats the
alternation (Figure 1)

FIGURE 1

/\/\//\ N

One complete reversal of alrernating current is called a cycle, and one cycle
contains two different current directions (Figure 1)

Most household current reverses itself 120 times per second, so there are
60 cycies per second or 80 hertz per second

(NOTE: Hertz is usually abbreviated to Hz and when 80 Hz appears on an
appllance or a motor, it means the device is designed to run on normal
household current.)

Alterrating current can be transmitted from generating sources over long
distences without excessive power loss, and it s preferred over direct cur-
rert

(NOTE: In some countries, AC is less than 60 Hz, and major appliances have
to be modified to operate at the lower frequency.)
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X.  Basic electrical symbols

(NOTE: The following symbols are designed to make It easier for you to work with
clrcult diagrams; symbols used In wiring diagrams and schematics will be treated
in detall in a later unit.)

A.  The symbo! for an AC power source may he shown as:

a

B. The symbol for a DC power source may be shown as:

1. + or 2.
— ] -
DC -

(NOTE: The symbol for a dry cell or battery in 8-2 should have a small plate
to Indicate negative and a large plate to indicate positive.)

or

2
< Ly (line one)
o4 L2 (line two)

C.  The symbol for electricai wires are straight lines:

1.  Connected or 2. Not connected

- ]

D. The symbols for a switch siould indicate whether the contacts are:

1.  Open or 2. Closed

f N

E. The symbol for a resistor Is:

—VW\—
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F The symbol for a light or lamp may be:

G. The symbol for a fuse is:

o—\_—o

H.  The symbol for chms is the Greek letter Omega:

)

l The symbols for switches show how switches work internally:

1, (SPSET) 2, (SPST) 3. (SPST)
Single Pole Single Pole Double Pole
Single Throw Double Throw Double Throw
——O/ © O/:/O
o !
Types of circults O O o

A. A circuit arranged so that all the, cutrant flowing in the circuit will pass
through all the components in a circul! is called a series circuit (Figure 2)

FIGURE 2
R

MW

3 c R 2

—.%a

+ R3 |

AW -
Series Circuit

102




Xil.

INFORMATION SHEET ‘

B. A circuit with components connected to the same power source but
located side-by-side so that a division of current occurs is cailed a parailei
circuit (Figure 3)

FIGURE 3

I
—9

Parallel Circuit

C.  When a circuit has components that are connected in series and compo-
nents that are connecied in parallei, the circuit is a series-parailel circuit

(Figure 4)
FIGURE 4
A% AW
—g— o
= i R4

+

Series-Parallel Circuit

Elements ot 2 sasic circuit (Transparency 11)
A. A complete circuit must have:
1. A power source such as a battery
2. A conductor such as an electric wire
3.  Ajoad such as a light buib
B. To be of practicai use, a circuit shouid also have:
1. Aswitch

2. A protection device such as a fuse or a circuit breaker

105
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Circult applications

A.
B.

Switches are always wired in serles with the circuits they control

Serles circuits are used in several appliances such as automatic dryers
where the door switch Is in series with the motor circuit so the appliance
will not start if the door is open

(NOTE: The series circulit is also used with microwave ovens to make sure
microwave generation doesn’t happen if the door is open.)

Parallel circuits are most common in house wiring, but are also common in
refrigerators and ranges

In an automatic washer, the fill valve is in series with the water level switch
so water will cut off at the predetermined level, but the fill valve is in parallel
with the timer so the dishwasher will go into a wash cycle after filling

(NOTE: Modern appliances using solid state controls also use series-paral-
lel circuits for odd jobs such as lighting LED’s.)

Circuit grounding

A

A ground in a circuit serves to protect operators and technicians agains
hazardous static slectrical shock

All circuits should be grounded with a ground wire from the power source
tu a point on the appliance chassis

In cases where a circuit cannot be grounded to chassis, the ground wire
should be secured to a cold water pipe or to a grounding rod driven into the
ground

Loose grounds create static in radio and television sets and contribute to
heat build-up in appliances

Electrical meacurements

A,

Being able to measure the electrical characteristics in a circuit is the basis
of all electrical troubleshooting

Electrical measurements permit duplication of previous conditions

Elactrical measurements permit the comparison of a present electrical con-
dition with a specified normal cond:tion

Electrical measurements are made with specialized instruments, and know-

ing how to use test instruments properly is a basic requiremnent for appli-
ance repair technicians

164
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INFORMATION SHEET

Abbreviations and thuir meanings in ohm's law
A. E = Electromotive in volts

B. i = Intensity of the current in amps

C. R = Resistance in ohms

D. P = Power in watts

Ohin’s law for electrical clrcuits

A. Ohm'’s law for electrical circuits concerns itself with the mathematical rela-
tionship between voltage, current, and resistance in a DC circuit

B.  The law may be expressed in three ways:

1. The voltage required to force a given amount of current through a cir-
cuit is equal to the current times the resistance (E = | x R)

2. The current in a circuit Is equal to the voltage divided by the resist-
ance (| = E/R)

3. The resistance of a cirzuit is equal to the voltage divided by the cur-
rent (R = E/l)

C. For reference and easier figuring, the law is frequently presented graphi-
cally in a triangie or a circle divider: into three parts that represent the three
elements in a circuit (Figure 5)

FIGURE 6§
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XVill. Using ohm’s iaw to find unknown values In a circuit

A.  Sketch a triangle (or a circle), divide it in three parts, and insert E, |, and R as
shown in Figure 6

(NOTE: Remember that E is valits, | is amps, and R is resistance.)

FIGURE 6

B. To determine an unknown voitage, cover the E (the unknown value), and
multiply the | (amps) times t\1e B (ohms) (Figure 7 and Transparency 12)

FIGURE 7

E=/-NorE=1xR
/1] R\
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C.  To determine an unknown current, cover the | (the unknown value), and
divide the E (voits) by R (ohms) (Figure 8 and Transparency 13)

FIGURE 8

or Amps = Voits + Ohms

B.  To determine an unknown resistance, cover the R (the unknown value), and
divide E (volts) by | (amps) (Figure 9 and Transparency 14)

FIGURE 9

or Ohms = Vclts + Amps
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XIX. Characteristics of electrical power

A.

The fundamental unit of measure for electrical power is the watt (W) and
may be measured with an instrument called a wattmeter

1. Electrical power is the time rate at which a charge is moved by volt-
age

2. One watt equals the work accomplished in one second by one volt of
potential difference in moving one coulomb of charge

(NOTE: 746 wat‘s = 1 horsepower,)

Power (P) in an electrical circuit may be calculated by using Watt’s law,
expressed by three basic formulac:

P (in watts) = E (volts) x | (amperes)

P (in watts) = I? (amperes) x R (ohms)
P - E? (volts)
(In watts) R (ohms)

Power Is dissipated in resistance in the form of heat and is made evident by
a voltage drop across the resistance

The law is often presented graphically in a triangle or circle divided into
three parts that represent the three elements in power relationships (Figure
10)

FIGURE 10

{
! .

\.,
[

1
1
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XX. Ways ohm’s law Is used

XXI.

XX

A

m © O @

To calculate circult resistance
To calculate circuit amperage
To calculate clrcult voltage
To calculate circuit wattage

To calculate voltage drop

K!rehhotf’s law for voltage and current (Transp..rencles 15 and 16)

A.  Kirchhoff's voltage law — The sum of the voltage drops in a closed loop cir-
cuit (series circult) Is equal to the applied voltage

B. Kirchhoff’s current law — The algebraic sum of curreiits into any point in a
clrcuit is equal to the algebraic sum of currents out of that point

Working with resistors

A. Reasistors are used in some major appliance circultry to limit current or pro-
vide a load to establish proper circult voltage

B. Knowing how to read the value of rexistors Is essential In troubleshooting
circult problems

C. Some wire-wound resistors have their value stamped on the body and are
easy to determine

D. Most carbon-compasition and film-type resistors can only be evaluated by

use of a color code, and understanding the code Is essentlal to resistor
troubleshooting (Transparency 17)
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XXiil.  Steps In using the color code to determine resistor value (Transparency 17)
A.  Always begin with the color band nearest the end of the resistor (Figure 11)

FIGURE 11

Begin Here Do Not Start Here

B. List the first color band as the first number of the resistance value

Example: Red has a value of 2, so the resistor in Figure 11 has 2 as the
first resistance value

C. List the second color band as the second number of tne resistance value

Example: Orange has a value of 3, sc it should be listed to the right of the
red 2 to give a value of 23

D. Usa the third color band as the multiplier

(NOTE: Gold as a multiplier has a value of (.1, so divide by 10 and silvet as a
multiplier has a value of 0.01, so divide by 100.)

Example: Since brown has a value of 10 when used as a muitiplier, the
resistor in Figure 11 would have a value of 23 x 10 or 230 ohms

E. Use the fourth color band to determine the tolerance of the: resistor

Example: Since gold has a plus or minus tolerance of 5%, the resistor In
Figure 11 with a resistance of 230 ohms would have a plus or
minus tolerance of 230 x .05, an 11.5 tolerance, or the resistor
would be serviceable at any range from 218.56 ohms to 241.5
ohms

110
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Electrical Transmission
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Producing Electricity

Producing Electricity by by Moving a
Moving a Horseshoe Magnet Bar Magnet Through
Through a Coil of Wire a Coil of Wire

This Principle is used in generators.
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Photosensitive Siiver
Oxide Surface

Electron Flow
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Electricity From Light
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Electricity From Heat
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® Insuiators, Semiconductors,
and Conductors

Increasing Resistance

Insulators
Mica
Glass
Shellac
Paper
Rubber
Bakelite

@ Fiber

Air or Vacuum

Semiconductors

Germanium
Silicon

Conductors
Iron
Nickel
Tungsten
Aluminum
Gold
Copper

‘., Silver

™9
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® Types of Direct Current

Nonfluctuating

: +
® 0
Fluctuating
.‘,—.
0
Pulsating

™ 10
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Basic Circuit

2 Amperes Returns to Battery

Battery
12V

2 Amperes
Leaves Battery

Qs
\L_,‘

Resistor—5 Ohms;
10 Volts Potential;

x 2 Amperes

Y

- -\ R
Switch—0 Ohms Lamp—1 Ohm:
(No Resistance); 2 vgn_s Potenti'al;
2 Amperes; 2 Amperes

0O Volts Potential

™ 11




Ohm’s Law--Computing Voltage

R = 11 ohms
AA—

o =
| —__—__% E=_____volts
|

2 amperes

What voltage is being supplied by the battery?
E=IR E = 2 amperes x 11 ohms, E = 22 volts

The value of the voltage being supplied by the battery is 22.

.
¢
ELLI-HYIN
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Ohm’s Law--Computing Gurrent

MA—

R = 17 ohms

E= 68 Volis

|'||

How many amperes of current are flowing in this circuit?

E __ 68 volts
E=IR | =R I —17ohms—4amperes

hod
- -
i
C3

<
b
2
ry
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Ohm’s Law--Computing Resistance

——_OHMS
ANA—

R

1=

S ——

—— E = 10 volts

+

| = 2 amps
What is the resistance value of the resistor in this circuit?

_ _E 10 volts
E=IR R=5 R"‘Qamperes

= 5 ohms

T
1|‘|
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Kirchhoff’s Law of Voltage

The algebraic sum of the voitages around

a closed loop must equal the applied

voltage.
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Voitage Drops in a Circuit

b e ¢ g)
E(J = e ‘*\\ R1 D Vq=2V
10V +| a I// R d <
." ‘
"‘:’%h \ ',: e $=
Va_av(%__ R3 /' R2< ®y_=5v
- g . e A& 2
f L+

Applied Voltage (E) = 10V

Direction of Electron Flow: Negative (b) to
Positive (a)

Application of Kirchhoff’s Law of Voltage:
Vy + Vg + Vg — ET
2V + 5V + 3V = 10V

2L HYN
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Resistor Color/Value Chart

TN B
: (HEZNE | -
S N T
Band 1 Band 2 Band 3 Band 4 Band §
Color 1st 2nd
Digit Digit Multiplier Tolerance Reliabllity
(Number) | (Number) (percent) {percent)
Biack 0 0 10° 1
Brown 1 1 10! 10 1 1.0
Red 2 2 102 100 2 0.1
Orange 3 3 100 1,000 3 0.01
Yellow 4 4 104 10,000 4 0.001
Green 5 5 |10° 100,000
Blue 8 6 108 1,000,000
Violet 7 7 107 10,000,000
Gray 8 8 108 100,000,000
White 9 9 10° 1,000,000,000
Gold 10 0.1 5
Sliver 102 0.01 10
none 20 Not
tested

Use the following to remember the resistor color cede:

Bad Boys Race Our Young Girls, But Violet Generally Wins.

o 1 2 3 4 5

6 7 8 9

™17
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@ FUNDAMENTALS OF ELECTRICITY
UNIT i

ASSIGNMENT SHEET #1 — SOLVE PROBLEMS FOR
AN UNKNOWN VOLTAGE

Directions: Apply the appropriate formula from Ohm'’s law to find the voltage In the “ol'cwing
problems.

Example: 2 amps, 60 chms = volts

Answer. E = IR = 2 x 60 = 120 voits

Problems:
Amps Ohms Voits
1. 20 6 —_
2. 4 60 —_—
3. 9.6 2.5 _
‘ 4, 5 3 -
5. 75 0.16 -
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FUNDAMENTALS OF ELECTRICITY
UNIT Il

ASSIGNMENT SHEET #2 — SOLVE PROBLEMS FOR
AN UNKNOWN AMPERAGL

Directions: Apply the appropriate formula to find the amperage In the following problems.

Example: 120 volts, 40 ohms = amps

Answer: | = E/R = 120/40 = 3 amps

Problems:
Voits Ohms Amps
1. 240 12
2, 110 11
3. 440 20
4, 120 30
5. 24 3
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‘ FUNDAMENTALS OF ELECTRICITY
UNIT Il

ASSIGNMENT SHEET #3 — SOLVE PROBLEMS FOR
AN UNKNOWN RESISTANCE

Directions: Apply the appropriate formuia to find resistance.

Example: 440 voits, 10 amps = _ ohms

Answer: R = E/l = 440110 = 44 ohins

Problems:
Volts Amps Ohms
1. 240 4
2. 24 9.6 —_—
3. 12 5 —_—
4, 230 5 —_—
. 5. 24 8 _—

ERIC

Full Tt Provided by ERIC.
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FUNDAMENTALS OF ELECTRICITY
UNIT il

ASSIGNMENT SHEET #4 — IDENTIFY RESISTOR VALUES
USING A STANDARD COLOR CODE

Directions: Using the color code chart provided in this assignment sheet, identify the value of
each resistor provided by your instructor, and record the value in the appropriate biank on the
Resistor Value Chart that accompanies this job sheet.

Band 1 Band 2 Band 3 Band 4 Band 5
Color 1st 2nd
Digit Digit Multiplier Tolerance Reliabllity
(Number) | (Number) (percent) (percent)
. Black 0 0 10° 1
Brown 1 1 10 10 1 1.0
Red 2 2 102 100 2 0.1
Orange 3 3 100 1,600 3 o.M
Yellow 4 4 104 10,000 4 0.001
Green 5 5 10® 100,000
Blue 6 6 10° 1,000,000
Violet 7 7 107 10,000,000
Gray 8 8 10° 100,000,000
White 9 9 10°  1,000,000,000
Gold 10 0.1 5
Siiver 102 0.01 10
none 7 20 Not
tested




FUNDAMENTALS OF ELECTRICITY
UNIT il

ASSIGNMENT SHEET #4

Rosistor Valus Chart

10.

You Name

Date
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. FUNDAMENTALS OF ELECTRICITY
UNIT i}

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

1. 120V
2, 240V
3. 24V
4, 15V
5 12v

Assignmert Sheet #2

1. 20A
2. 10A
‘ 3. 22A
4. 4A
5. 8A

Assignment Sheet #3

1. 60Q
2. 250
3. 240
4. 460Q
5. 30

Assignment Sheet #4

Evaluated to the satisfaction of the instructor
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® FUNLAMENTALS OF ELECTRICITY
UNIT Hi
NAME
TEST

1. Match the terms on the right with their correct definitions.

a. A circuit in which there is a complete and 1. Short circuit
unbroken path for current to flow

2. Closed circult

—Db. A circuit in which the path for current has
been broken 3. LED

c. A cirzuit In which the current has been 4. Open circuit
diverted from Its intended path into a side
current of lower resistance 5. Load

_d A device to which electrical energy Is being
supplied and used

e. A low voltage bulb used to Illuminate num-
bers on control panels and other displays

2. Complet: statements concerning electricity by inserting the word(s) that best com-
pletes each statement.

a. Electricity is a form of energy that can be converted to light, heat, or mechanical
energy to perform useful

b. Electricity exists in nature as electricity and as
but these forms of electricity do not perform usefui work

c. Electricity usad for domestic and industrial purposes is generated at power
plants and transmitted by high voltage to towns
and cities

d. High voltage electricity from a generating plant usually has to go through a
) that steps it down to a lower voltage for home and industry use

e. Electricity Is put to work in the average home in an arrangement of
circuits to supply electricity for lighting, heating, air condition-
ing, and appliance use

’ f. To benefit people, electricity has to be , and switches, solenoids,

transtormers and other control devices are what make major appliances useful
tools for modern living
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TEST

Match sources of electricity with their characteristics.

—b.

—f

a.

Produces static electricity when two materi- 1. Mugnetism
als are rubbed together

2. Machanical pressure
Produces direct current electricity in baiter-
ies and cells when dissimilar elements are 3. Friction
placed in a chemical which acts upon them

4. Heat
Produces direct current or alternating cur-
rent electricity by moving a conductor 5. Chemical reaction
through a magnetic field

6. Photoelectric sur-
Produce electricity when light strikes them faces

Produces electricity when it is applied to
two dissimilar metals that are next to each
other

Produces electricity when applied to certain
crystalline substances

Select true statements concerning the electron theory by placing an “X” beside each
statement that is true.

—D.

—

a.

Understanding electricity requires basic knowledge of the structure of an
atom

Neutrons with no charges and lons with positive charges make up the
nucleus of an atom

Electrons with negative charges orbit the nucleus in paths that are called
shells

Electrons that orbit in 'nner shells are attracted to the nucleus, but elec-
trons in the outer shell or “valence” shell can be set free

When energy is applied to the centrifugal force in an electron, the electron
leaves its previous orbit and moves to a lower orbit

Since a valence electron has no higher orbit, it will leave the parent atom
and move to anothei atom

The positive charge of an electron freed from the valence shell is the basic
unit of eloctricity

Complete statements concerning the importance of electrical charges by inserting the
word(s) that best completes each statement.

a. A man named Coulomb experimented with electrical charges and formulated a
law that governs the interaction of and charges
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. TEST

b. The two most important electrical relationships established by Coulomb’s law
are that:

1) Like charges

2) Unlike charges

c. The fact that positive charges attract negative charges is extremely .mportant to
the movement of required to create current flow in a condustor

d. The attraction and repulsion principles help make DC and AC
work

6. Crruplete statements concerning how alectron flow is created in a conductor by cir-
cling the word(s) that best completes each statement.

a. To create electron flow requires a source of already energized electrons like
those found in (a battery) (silicon)

b. The wire or medium that serves as a (conductor) (transmitter) must have one end
connected to the negative side of the power source and the other end connected
to the positive side of the power source

The (positive) (negative) charges from the power source energize the negative
charges in the conductor and cause them to start moving

P
[¢]

d. The (positive) (negative) charges at the other end of the power source attract the
electrons from the negative side and reinforce electron flow

e The presence of negative charges at one end of the conductor and the absence
of negative charges at the other end of the conductor sets up a situation called a
(potential difference) (inductance)

f. The (potential difference) (inductance) must be present before electrons will flow
in a conductor to create electric current that can be put to work

7.  Solve problems concerning conductors, insulators, and semiconductors.

a. Would a piece of copper wire be considered a conductor, an insulator, or a semi-
conductor?

Answet

b. Would a silicon dis¢ be considered a conduetor or a semiconductor?

Answer

C. Would gold or silver make good insulators?

‘ Answer —
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8.

d.

TEST

Would glass make a good insulator?

Answer

Complete statements concerning direct current by circling the word(s) that best com-
pletes each statement.

a.

b.

The (strongest) (most comrion) source of direct current electricity Is the battery

Both wet and dry cell batteries operate on the same principle of two (similar) (dis-
similar) metals placed in a chemical that reacts upon them

Chemical reaction In a battery creates (a potential difference) (an inductance)
between the dissimilar elements and creates a condition for electron flow

Potential difference Is also called (“amperage”) (“voltage”) and can be tapped
Into with wires and directed to an electrical device or “load”

The essential characteristic of direct current is that the strength of the current
may rise or fall, but it never becomes (negative) (positive)

When plotted graphically to depict ite movement in time, direct current may be
1)  (Nonfluctuating) (Slanted)
2) {Pulsating) (Intermittent)
3) (Fluctuating) (Sporadic)

Direct current is (often) (seldom) used with major appliances, (but) (and) batterles

aie an excellent source of power for the study of electrical circuits and electrical
measurements

Complete statements concerning alternating current by inserting the word(s) or fig-
ure(s) that best complete each statement.

a'

The essential characteristic of alternating current is that it constantly
itself above and below a zero base line

When alternating current is depicted graphically in time, it creates a wave form
that starts at , rises to a maximum level, returns to
, then reaches another maximum level below
base line, and then repeats the alternation

One complete reve: sal of alternating current is called a , and one
contains two different current directions

Most household current reverses itself
there are 80 cycles per second or 60 hertz per second

times per second, so

) VIV
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e. Altarnating current can be transmltted from generating sources over
distances without excessive power loss, and It is preferred over

direct current

10. Identify the following basic electrical symbols by placing the correct number In the
appropriate blank,

a. 1. Reslstor

g

Ohms

3. An AC power source

| | 4. An open switch
+ 5. A single pole, single

throw switch

C.
6. Connected electrical
wires

7. Fuse
——a. | |
) 8. Light or lamp

9. DC power source

S

—|
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TEST
11.  Identify types of circuits by writing the aopropriate name beside each of the following
circuit diagrams.
a.
-~ . >
a— Ry s Ry
Ry
b AW
—1 R
— 2
—— Ea
.|.
Ry

12.  Comolate a list of elements of a basic circuit by inserting the word(s) that best com-
plete each statement.

a. A complete circuit must have:

1) A such as a battery
2 A such as an electric wire
3 A such as « light bulb
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TEST

b. To be of practical use, a clrcuit should also have:

1) A

2 A device such as a fuse or a clrcult breaker

Complete statements concerning circuit applications by circling the word(s) that best
complete each statement.

a. Switches are always wired In (serles) (parallel) vith the clrcults they control

b. Series circuits are used in several appliances such as automatic dryers where
the door switch s In series with the motor circuit so the appliance will not start If
the (door is open) (fuse is blown)

c. Parallel clrcults are most common In (washers) (house wiring), but are also com-
mon In refrigerators and ranges

d. In an automatic washer, the till valve Is In (parallel) (serles) with the water level
switch so water will cut off at the predetermined level, but the fill valve Is I (para-
llel) (series) with the timer so the dishwasher will go into a wash cycle after fllling

Select true statements concerning circuit grounding by placing an “X” beside each
statement that Is true.

a. A ground in a circult serves t. protect operators and techniclans agalnst
hazardous static electrical shock

—b. All circults should be grounded with a ground wire from the power soume
to a point on the appliance chassls

c. In cases where a circuit cannot be grounded to chassls, the ground wire
should be secured to a cold water plpe or to a grounding rod driven into
the ground

—_—d. Loose grounds create statlc in radio and televislon sets and contribute to
heat build-up In appliances

Select true statements concerning electrical measurements by placing an “X” beside
each statement that Is true.

R Belng able to measure the electrical characteristics In a clrcult Is the basis
of all alectrical troublet 1ooting

b. Electrical measurements permit duplication of previous conditions

C. Electrical measurements permit the comparison of a present electrical
condltion wlith a past condltion

oo
WY




144

16.

17.

18.

19.

TEST

——d. Electrical measurements are made with sp-cialized instruments, and
knowing how to use test instruments properly is a basic requirement for
appliance repair technicans

Match abbreviations with their meanings in ohm's law.

—_ a Electromotive in volts 1. R
b Intensity of the current in amps 2. E

C. Resistance in ohms 3. P
S § Power in watts 4, |

Solve problems concerning ohm's law for electrical circuits by properly completing
each of the following statements:

a. The voltage required to force a given amount of current through a circuit is equal
to the current times the

b. The current in & circuit is equal to the voltage divided by the

c. The resistance of a circuit is equal to the voltage divided by the

Solve problems using ohm'’s law to find unknown values in a circuit.

a. Since E = IR, a circuit with 20 amps and 6 ohms resistance would have how
many volts?

Answer

b. Since | = E/R, a circuit with 240 volts and 12 ohms resistance would have how
many amps?

Answer

c. Since R = E/I, a circuit with 240 volts and 4 amps would have how many ohms
resistance?

Answer

Solve problems concerning characteristics of electrica: power by answerlng the follow-
ing questions.

a. Name the fundamental unit of measure for electrical powver, and also name the
Instrument used to measure power.

Answer —

1
n“x

d
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b. How is power made evident?

Answer

20. Complete a list of ways ohm’s law Is used by inserting the wori(s) that best complete
each statement.

a. To calculats circuit

b. 70 calculate circuit -

C. To calculate circuit

d. To calculate circulit

e. To calculate

21.  Differentiate between Kirchoff's laws for voltege and current by placing an “X" beside
the statements that describes the law for voltage.

a. The sum of the voltage drops in a closed loop circuit is equal to the

. applied voltage

——b. The algebraic sum of currents into any point in a circuit Is equal to the
algebraic sum of currents out of that point

22. Complete statements concerning working with resistors by inserting the word(s) that
best completes each statement.

a. Resistors are used in some major appliance circuitry to limit current or provide a
to establish proper circuit voltage

b. Knowing how to read the value of resistors is essent.a! in circuit
problems
c. Some wire-wound resistors have their value on the body and are

easy to determine

d. Most carbon-composition and film-type resistors can only be evaluated by use of
a , and understanding the is
essential to resistor troubleshooting

23. Arrange In order the steps in using the color cude to determine resistor value by insert-
'nn the correct sequence number in the appropriate blank.

a. List the first color band as the first number of the resistance value

. —b. Uue the fourth color band to determine the tolerance of the resistor
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TEST .

C. Always begin with the color band nearest the end of the resistor

—d Use the third color band as the multiplier

e. List the second color band as the second number oi the resistance value

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

24. Solve problems for an unknown voltage. (Assignment Sheet #1)
25. Solve problems for an unknown amperage. (Assignment Sheet #2)
26. Solve problems for an unknown resistance. (Assignment Sheet #3)

27. ldentify resistor values using a standard color code. (Assignment Sheet #4)

L
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UNIT il

ANSWERS TO TEST

[N o RN ol o i V)
WO = AN

Work

Static, lightning
Power lines
Transformer
Parallel
Controlled

~opooow®

"0 00O
N2 SO0 W

acd,f

a. Negative, positive
b. 1)  Repel

2) Attract
C. Electrons
d. Motors

A batterv
Conductor
Negative

Positive

Potential difference
Potential difference

"0 00T

A conductor

A semiconductor
No

Yes

oo

Most commen
Dissimilar

A potential difference
“Voltage”

Negative

caocowe

MAR-147
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f.

1)
2)

3)

ANSWERS TO TEST

Nonfluctuating
Puisating
Fluctuating

Seldom, but

©

Reverses

Zero, zero, zero
Cycle, cycle
120

Long

eao0UTyw

10.

Ccoo0UT®
- s oW
— o -
NN

11. Parallel
Series

c. Series-parallel

oe

12. a. 1) Power soutce
2) Conductor
3 Load
b. 1)  Switch
2) Protection

13. Series
Door is open
House wiring

Series, parallel

aoow

14. a,b,c,d
15. a,bd
16.

aoop
W= N

17. Resistance
Resistance

C. Current

ow

18.

120V
20 amps

C. 60 ohms '
-

LR

oo




19. a. The watt, a wattmeter
b. A voltage drop across the resistance
20. a. Resistance
b. Amperage
c. Voltage
d. Wattage
(NOTE: A through d may be In any order)
e. Voltage drop
21, a
22. a. Load
b. Troubleshooting
c. Stamped
d. Color code, code
23. a. 2
b. 5
c. 1
d. 4
e. 3
24 through 27. Evaluated to the satisfaction of the instructor

ANSWERS TO TEST

Somrd
1
-

N~
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AC INDUCTION MOTORS
UNIT IV

" UNIT OBJECTIVE

After completion of this unit, the student should be able to discuss the principles of magnet-
Ism and how those principles apply to electromagnets, colls, transformers, DC motors, and
AC Induction motors. The student should also be able to name components of an AC induc-
tion motor, list types of motors, and discuss guldelines for servicing throw-away motors. The
student should also be able to troubleshoot an AC Induction motor for thermal overioad prob-
lems, determine whether a start mechanism or start windings are bad, replace a centrlfugal
switch, and bench-test a single-speed motor with a test cord. These competencles will be avl-
denced by correctly completing the procedures outlined in the job sheets and by scoring 85
percent on the unit test.

SPECIFIC OBJECTIVES

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

1.  Match terms related to AC Induction mot~rs with thelr correct definitions.

2. Solve problems concerning principles of magnetism,

3. Apply the left hand ruie for conductors.

4. Complete statements concerning electromagnets anc colls.
5.  Solve problems concerning other principles of magnetism.

8. Identify types of transformers.
7. Complete statements concerning DG motor components.
8. Select true statements concerning DC motor operatlon.
9. Complete statements concerning AC Induction motors.
10. Match components of an AC Induction motor with thelr functions.

11.  Solve problems concerning types of AC Induction motors.

160
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12,

13.

14,

15.

OBJECTIVE SHEET
Select true statements concerning operatlons of an Inductlon start, Induction run

motor.

Select true statements concerning operations of a capaclitor start, Induction run
motor.

Complete statements concerning motor housings.

Solve problems concerning motor speeds.

Match types of motor bearings with thelr characteristics.

Solve problems concerning motor thermal protection.

Complete statements cancerning other motor problems.

Select true statemer.ts concerning using compressor test cords I motor testing.
Complete a list of guldellnes for servicing throw-away motors.

Solve problems concerning motor nameplate Information.

Complete statements concerning motor safety.

Arrange In order the steps in systematically troubleshaoting an Induction motor.
Demonstrate the abllity to:

a. Troublest.oot an AC Iinduction motor for therma: overload problems. (Job
Sheet #1)

b. Troubleshoot an AC Induction motor to determine whether the start mecha-
nism or the start windings are bad, and replace a centrifugal switch. (Job
Sheet #2)

C. Bench test a single-speed motor with a test corc.. (Job Sheet #3)

161
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AC INDUCTION MOTORS
UNIT IV

SUGGESTED AC1IVITIES

Provide students with objective sheet.

Provide students with information sheet.

Make transparencies.

Demonstrate and discuss the procedu..  outlined in the job sheets.

Have samples of different types of AC inductior motors on hand so students can exam-
ine the components and learn to identify them.

Show good samples of run and start windings and hcw they are wired onto the poles in
the stator.

Discuss the concepts of the reversible motor and its application in modern appliances.
Shouw the class different types of centrifugal switches and how they work.

Discuss safety as related to motor service and impress upon students the importance
of safe grounding.

Invite & local or area appliance service <tGie owner to talk to the class about the impor-
tance of being able to efficiently troubleshoot an appliance motor.

Demonstrata use of a compressor test cord and explain its value in verifying electrical
problems an 1 identifying mechanical problems.

Give test.
CONTENTS OF THIS UNIT
Objective sheet
Information sheet
Transparency masters
1. TM 1 — Start and Run Windings
2. TM 2 — Components of an AC Induction Motor

3. TM3 — Tompressor Test Cord

>

T™M 4 — Motor Nameplate
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CONTENTS OF THIS UNIT

Job sheets

1. Job Sheet #1 — Troublesiioot an AC Induction Motor for Thermal Overload Prob-
lems.

2.  Job Sheet #2 — Troubleshoot an AC Induction Motor to Determine Whether the
Start Mechanism or Start Windings Are Bad, and Replace a Centrifugal Switch.

3. Job Sheet #3 — Bench Test a Single-Speed M. .tor With a Test Cord.
Test
Answers to test

REFERENCES USED IN DEVELOPING THIS UNIT

Vorderstrasse, Ron. General Electronic Technician. Stillwater, OK 74074: Mid-America
Vocational Curriculum Consortium, 1986.

Bacon, Bill and Mack Sutton. Major Appiiance Repairer. Austin, TX 78712: The Univer-
sity oi Texas at Austin, 1983,

Lieder, Larry. Really Basic Eiectricity. Honeywell, Inc., 1982.

Teague, Cash and Garner Pewewardy. Industriai Eiectricity Motors. Stillwater, OK 74074:
Curriculum and Instructional Materials Center, Oklahoma $tate Department of Voca-
tional and Technical Education, 1984,

Milaf, Harry. Electricity One-Seven. New York, NY: Hayden Book Company, 1963.

Kaiser, Joe. Electrical Power, Scuth Holland, IL: The Goodheart Willcox Company, Inc.,
1982.
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AC INDUCTION MOTORS
UNIT IV

INFORMATION SHEET

Terms and definitions

A.

Centrifugal switch — A mechanical switch used to disconnect ste «ng
mechanisms in induction motors by taking advantage of the force created

" by a rotating motor shaft

Elec’romagniet — A soft iron core that temporarily becomes a magnet when
electrical current flows through wires colled around it

Induction — The process of magnetizing an object by bringing it into the
magnetic field of an electromagnet or a permanent magnet

Magnet — Any device or material that has the properties of magnetism

Momentary switch — A mechanical device that has to be manually pressed
down to complete a circuit

Motor test cord — A device used to direst start an Induction motor

Overload — A load on a circuit or system greater than the load for which it
was designed

Split-phase — A reference to a motor type that has both start and run wind-
ings

SPST (single pole, sing!e throw) — A single lever that operates a single set
of contacts

SPDT (single pole, double throw) — A single lever that operates two sets of
contacts

Reversible motor — A motor wired in a manner that permits external con-
trol of polarity so the direction of motor rotation ¢an be reversed

Pole — The soft, laminated iron portion of a stator around which wire is
wound

SF (service factor) — The degree to which a motor can be loaded beyond its
rated horsepower

Duty rating — The length of time a motor can be safely operated, expressed
as continuous or intermittent

Rotor — The Iron core cylinder that rotate:: within the stator of an AC Incduc-
tion motor

16




156

INFORMATION SHEET
P Stator - The component in an AC induction motor that contains the sta-
tionary parts of the magnetic circuit and their assoclated winding:
IIl.  Principles of magnetism

A, A magnet is a plece of metali that exerts an Invisible force of attraction on
other similar metais

(NOTE: Iron oxide makes the best magnets, but nickel and cobalit are also
used in the permanent magnets that are used In slectrical devices and
motors.)

B. Molecules in a magnet are arranged with their Nforth) and S(outh) poles
together (Figure 1)

FIGURE 1

NS NS NS NS} [NS
N Pole NS NS NS NS NS| | S Pole
NS| [NS NS NS NS

C. Magnets are surrounded with lines of magnetic force or “flux” that form a
field around the magnet (Figure 2)

FIGURE 2

i f,".."...".‘.."“.'..“'..."..'..".‘.".‘. i) ‘¢:\ \
(6 i Fleld
4
4
V4 7 f\\\\
¢ \
"233—'.':':-5:.—1:?55_%-‘.=_=.535'3/ Flux
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. INFORMATION SHEET

D. Converting magnetic energy Into electrical energy requires application of
two baslc pringiples ¢f magnetism: '

1. Llke charges repel and unllke charges attract (Figure 3)

FIGURE 3

2. The magnetic force moves through the magnetic flux In a deflnite N
to S direction (Fig ure 4)

FIGURE 4

.’
k

-
- -
Lo
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INFORMATION SHEET

il.  The left hand rule for conductors

A

Current flowing through a conductor wire produces a magnetic field around
the wire

The direction of the magnetir field around ths conductor Is determined by
the direction of electron flow

Using the left hand rule for conductors is the best way to determine the
direction of the lines of magnetic flux:

1. Grasp the conductor with the left hand with the thumb pointing In the
direction of the electron flow (Figure 5)

2. Your four fingers will point in the direction of the magnetic fieid (Fig-
ure 5)

FIGURE 5

Current flow in direction of thumb

IV. Electromagnets and colis

A.

The fleld of force around a conductor can be strengthened by forming the
conductor Into a coll

""he strength »f the magnetic field depends on the number of colis In the
conductur and the amount of voltage applied to the conductor

The strength of the magnetic fleld can ha made much stronger by placing
an Iron core Inside the colied conductor

167
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D.  When electricity flows through the conductor colls, the fron core becomes
an electromagnet (Figure 6)

FIGURE 6

N Pole

E. The polarity of the electromagnetic field can be determined by using the
left hand rule for colls:

1. Grasp the coll in such a way that your fingers point in the direction of
current flow (Figure 7)

2. Your thumb wi.. point to the N pole of the electromagnet (Figure 7)

‘ FIGURE 7

F Reversing the direction of current fiow in an wlectromagnet reverses the N
and S poles of the electromagnet (Figure 8)

FIGURE 8

S Pole .’ N Pole

.b*
e~
- -
~ .
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INFORMATION S!-EET

Electromagnets c.n be turned on or off by simple controls and made to do
useful work

A metal conuctor can be so constructed that when electric current flows
through it, the magnetic force created will pull a metal plunger into the coil
(Figure 9)

“he metal plunger moving into the coil when the coill Is energized and mov-
Ing out of the coil when tha current is shut off Is the principle that makes
solenolds work, the ;ume kind of solenoids used in many major appllances
(Figure 9)

FIGURE 9

Plunger

Other principles of magnetism

A.

Transformers like those used in microwave ovens and many other electrical
and alectronic devices function on another principle of magnetism

When a magnetic field cuts across a wire, it induces electricity Into the wire

Making a transformer requires that iron cores wrapped with wire be placed
alongslide each other:

1. The wire around the first core will carry electricity from a power
source and back to the power source (Figure 10)

2. As electriclty flows through the wire around the first core, the core
becomes an electromagnet (Figure 10)

3.  As the first core bacomes an electromagnet, it sets up lines of mag
netic flux that cut acress the wires in the second core (Figure 10)
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4. Induced electricity flows Into the second set of colls, and the electrl-
cal energy can be tapped and put ‘o work (Figure 10)

FIGURE 10

50 turns 10 turns

D. In order for induced voltage to continue to flow In the second coll, the lines
of force must continually start and stop, so that Is why AC current Is usu-
ally used as a power supply

E. The first coll in a transformer Is called the primary, and It recelves the elec-
trical input

F The second coil In a transformer Is the secondary, and It becomes the
source of electrical output

VI. Types of transformers
A.  There are three types of transformers:
1. Step-up transformers that Increase voltage
2. Step-down ti insformers that decrease voltage
3. Isolation transtormers have equal windings on each side

{NOTE: Isolation transformers are used as flltering devices and for
technician protection.)

| ]
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B.  The ratio of the number of the wire wraps in the primary coil to the number
of wraps In the secondary coil is what determines whather it is a step-up or
step-down transformer {Figure 11)

FIGURE 11
100 turns £=$ 500 turns 550 volts
D
D
q
500 turns : 100 turns 22 volts

C.  The formula for determining voltage in a transformer |s easy to apply:

1. The number of turns in the primary coil equals the voltage applied to
the primary coll

Example: A primary with 100 turns with 110 volts applied to it
would have a voitage of 110 volts

2. The number of turns in the secondary coll equals the voltaye in the
secondary coll

Example: If a primary colil with 100 turns has had 110V applled to it
and the secondary coil beslde It has 500 turns, then the
voltage ii1 the secondary coil would be 500 x 110 or 550
volts and it would be a step-up transformer; however, if
the piimary had 110 turns and the secondary had only 50
turns, the voltage in the secondary would be 110 x .50 or
55 volts and it would be a step-down transformer

D. AC inductlon motors used with most major appliances work with the san:e
electromagnetic principles that make transformers work
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Vii. DC motor components
A. DC motors are not in common use around major appliances, but knowing
how they work will help a technician better understand AC induction
motors that are used with major appliances
B. The baslc DC motor has four major components:

1. Anarmature which is an electromagnet mounted on a shaft so it can
turn (Figure 12)

FIGURE 12

A

V. ¥

\Va

N— \Armature

’ 2. A split-ring commutator (Figure 13)
3. Brushes that the commutator makes contact with (Figure 13)

FIGURE 13

Commutator

P
R &
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4. A magnetic field so that the armature will spin (Figure 14)

FIGURE 14

VIIil.  DC motor operation ‘

A.  Thearrangement of the commutator and brushes causes the electricity that

flows through the armature to reverse its direction each time the armature
rotates half a revolution

B.  Turning a switch to ON turns the armature into an electromagnet, and since
iike magnetic poles repel each other, the armature’s N and S poles spin
away from the N and S poles of the field magnet (Figure 15)

FIGURE 15

Repel/-\:-lepel
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C. Since opposite magnetic poles attract, the N and S poles of the field mag-
net attract the opposite poles of the armature as the armature turns (Figure

16)
N / [s

Attraction

FIGURE 16
Attraction

D. Just as the N and S armature poles align themselves with the opposite S

and N poles in the field magnet, the commutator/brush arrangement
reverses the flow of electricity in the armature

E. Since the poles on the armatur3 are reversed electrically, the armature and
field magnets repel each other once again and the armature continues to
spin and produce direct current (Figure 17)

FIGURE 17

Repel —/\‘

-

Repel
IX. AC Induction motors

A. The AC induction motor is the one most frequently used with major appli-
ances because its rugged construction Is especially sulted to ¢ astant
speed applications, and it has a long, trouble-frce service life

B. AC Inddctlon motors have several advantages over DC motors:

1. AC current is more readily available

2. Induction rnotors have no commutator or brushes to wear out

3. Induction motors are spark free and can be used in applications
where a LC motor might create & hazard
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AC induction motors use a rotating magnetic fieid to produce torque, a field
created by winding wires of different size and resistance onto poles within
a stator

The windings in an induction motor are either high resistance siart wind-
ings or low resistance run windings (Transparency 1)

When an Inductior: motor Is started, a normally closed centrifugal switch
connects both the start and run windings in paraiiel across the line

Whaen the motor reaches 75% to 80% of its designed operating speed, th.e
centrifugal switch opens to disconnect itself from the circuit as the motor
continues to operate with only the run windings

(NOTE: Run windings are sometimes called malin or fleld windings, and
start windings are sometimes called auxitiary windings.)

Components of an AC induction motor (Transparency 2)

A.

Motor housing — The outer protective covering designed for specific serv-
ice applications

Stator — The stationary laminated iron casing containing the poles that
start and run windings are wound onto to torm a magnetic field

(NOTE: The stator works on the same principle of the primary windings in a
transformer.,)

Rotor — A cylinder with laminations of soft iron that rotates within the
stator on a shaft that may have the centrifugal switch attached to it

(NOTE: The stator works on the same principle as the secondary winding in
a transformer because current is induced into the rotor)

Centrifugal switch — A control deviue that disconnects the start windings
after a motor reaches 75% to 80% of its normal operating speed so the
motor wlii continue operation on the run windings only

Thermal overload — A protection davice that shuts the motor off to heep It
from overheating

End belis — The flange-ilke caps on ear' end of the motor that contain
bearings which support the shaft, usually have upen siots for ventilation,
and or» end bell may contain the centrifugal switch

(MOTE: The location of a cei.rifugal switch varles w.th the type of motor
and the manufacturer,)

Assembly bolts — Bolts that go through the motor housing and hold the
end bells in place
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Types of AC Induction motors

A.

When in induction motor starts, it draws 6 to 8 times its normal running cur-
rent, so almost all induction motors require a starting device, and motors
are usually typed according to their start/run characteristi.s

Induction start, induction run motors have low starting torque and were
once in common use in many appliances

Present day appliances require higher starting torque and use a capacitor
start, indi'ction run motor

Another type of induction motor is the capacitor start, capacitor run motor
which s used frequently in air conditioning applications

Operations of an induction start, induction run motor

A.

D.

An induction start, induction run motor has no external starting mecha-
nism

The induction start, inductioiy run motor has a s*art and run winding, and
when voltage is applied to the sturt winding, it starts the rotor turning

When the motor reaches a speed of approitimately 1150 rpm, a centrifugal
switch in the motor discennects the start winding and engages the run
winding

The motor continues to run ¢i: . run winding only

Operations nf a capacitor star%, induction run motor

A

A capacitor start, induction run motor has an external starting mechattism
in the form of a capacitor which is capable of temporarily storing electrical
snergy

As the motor is energized, the line voltage decreases 20 to 25 percent, and
tha voltage that is stored in the capacitor is now at a higher potential than
the line voltage, so the capacitor dischargues an eicutrical surge that
increases starting to:guie

As the mot:.: reaches a snead of auproximately 1150 rpm, a centrifugal
switch disconnects the starting capacitor and enge.-es the run winding

Ti.3 motor continuas to run on the run winding oniy as the capacitor circuit
Is recharged

Motor housluge

A.

Motor housings ara designed tor special applications and often determine
the naturs of motor scrvice
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B. For some special applications such as fan motors or certain automatic
dishwashers, motors use a vapor-proof or dust-proof housing that totally
enc.ises the motor

C. Totally enclosed motors run hotter and generally have a shorter service life
than vented motors

D.  Totally enclosed motors generally have to be replaced when they go bad
hecause there is little service that can be performed on them

E. The trend in modern appliance motors is to use an open-frame housing
which promotes cooler operation

F Motors in open-frame housings are called “throw-away” motors because It
is not cost effective to work on them, and the open-frame housings are
almc 5t Impossibie to reassemble because they are welded together or
glued together with epoxy

G. Motors with open-frame housings are the most common type confronted In
major appliance service, and such motors will be found on almost all major
appliances designed for normal use

H. Motors with open-fram 2 housing cost less, but they do collect lint and dirt
readily, and part of every service call should be to vacuum the open-frame
motor if the appliance has one
(NOTE: If you're servicing an appliance in the shop, use compressed air to
clean the motor.)

Motor speeds

A, Single-speed motors are found on many automatic dryers and dishwashers

B. Two-speed motors are found on many automatic washers where service
demands require both a normal and a gentle cycle

C. Three-speed motors are found on some automatic washers that have nor-
mal, gentle, and delicate cycles

D.  The standard single-speed motor turns at a speed ot 1725 rpm or 1750 rpm

E. The standard two-speed motor turns at speeds of 1150 rpm and 1725 rpm

F The standard three-speed motor turns at speeds of 1150 rpm and 1725 rpm,

and the third speed will vary depending on manufacturer and appiication

Types of motor bearings and thelr characterisiics

A,

Sleevr; bearings — Commonly found in induction motors on washers and
dryers because they are least expensive and have good service life, but are
prone to get noisy as they wear out
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B. Roller bearings — Commonly found in induction motors on appliances
where ies® noise is preferred and where cooler operation s wusired for
increased performance and motor life

C. Ball bearings — More expensive than other types of bearings, but le::s fric-
tion makes for a quieter running motor that Is preferred for special ap; lica-
tions

Example: Motors with ball bearings are usually found in »recision appl:-
cations such as medical equipment and precision measuring
devices

XVil. Motor thermal protection

A.  Alt ACinduction motors are equipped with thermal overload devices which
open when an overheating condition occurs in the motor

B.  The thermal overload device will stay open and keep power from reaching
the motor untll the motor cools down

C. In cases where motor overheating is frequent, the thermal overload will
sometimes remain permanently open and the motor cannot be started

D. In other cases where motor overheating is frequent, the thermal overtoad
will open scon after the motor starts and runs

E. The thermzi overload cannot be repaired, but on almost all AC induction
motors it can be replaced

F Always permit a hot or overheated motor to cool down before attempting to
sta:t It or troubleshoot a motor problem

XVIl. Othe’ motor problem=

A. Motors function best within a 10% range above or below their rated name-
plate voltage

B. Low voltage reduces starting torque, increases full load tempsrature, and
shortens motor life

C.  High voltage Increases starting torque, produces increased heat, and
shortens motor life

D. Excess voliage variations up or down will Increase heat, cause noise and
vibration, and shorten motor life

E. Modern appliance motors have a lifetime lubrication system bullt in, but
some motors stili have an oller tube so oil can be added as recuired by
specifications

e
-}
2
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Never over lubricate a motor; in fact, most specifications call for only two or
three drops of oil every six months

Oller tubes have flip caps and these should always be checked to make
sure they are in place so dirt will not get Into the bearing directly below the
tube

Never replace a motor with a smaller motor, and never overload a motor
Belts on motor pulleys should be properly adjusted, and the rule of thun.s Is

that the belt under normal pressure should deflect 1.0 more than a distance
equal to the width of the belt

Using compressor test cords in motor testing (Transparency 3)

A.

Compressor test cords are useful for checking a motor for mechanical
problems such as belng locked up or having bad bearings, and these prob-
lems may exist even though the motor checks okay on all electrical tests

A bench test with a test cord Is the best way to assure that tha motor Is
sound mechanically as well as electrically, but electrical tests should
always be made before test cord use to avold blowing the fuse in the test
cord

A test cord bypasses all control circults so that the motor can be tested at
normal rpm

A test cord can be used in conjunction with a wattmeter to ses If the motor
is drawlng too much amperage

For safety, a good test cord will have 3 wire power cords and a ground cord
to attach to thie motor housing

(NOTE: The Roblnair Test Cord #12476 is a popular test cord with applliance
repalr technicians, and I* is bullt with technician safety in mind.)

Test cords are avallable from parts supply stores or can be assembled In a
shop from readiiy available comoonents

Guidelines for servicing throw-away motors

A.

A centrifugal switch on a throw-away motor Is always located outside the
miotor on the opposite end of the drive pulley

The centrifugal switch can be tested for continuity with an ohmmeter
(VOM), and replaced as required

On a capacitor atart, Induction run motor, the capacltor can be tested for
capacitance with a VOM or a ganacity checker, and replaced as required

175
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D.  The thermal overioad on all motors with open-frame housings can be tested
for continuity with an ohmmeter (VOM), and replaced as required

E. All ctart windings and run windings in an induction motor are Internal and !t
Is not cost effective to attempt to service them by rewinding

Motor nameplate Information (Transpare,>cy 4)

A. The motor nameplate should be attached to the motor housing, and is the
only source of information available for selecting a replacement motor of
the proper size and electrical characteristics or for ordering a replacement
part

B.  The model number, serial number, type, and horsepower rating must be
known In order to select the proper service application

C.  The Hertz (cyclns), voltage, FLA (full load amperage), LRA (locked rotor
amperage), a:.d SF (service factor) need to be known ir order to select a
motor with proper electrical characteristics

D.  Otherelements on the nameplate include RFM, FR {irame type), TEMP RISE
(temperature rise), and duty rating, and need to be referenced to assure
proper motor replacement

E. Whether replacing an entire motor or a single componsant, the safest rule to
foliow is: copy down all of the nameplate information

Motor safety

A Always unplug a motor from its power source before starting any electrical
checks

B.  Always allow a hot or overheated motor to cool down before attempting to
restart it or performing any tests

C.  When installing a motor, always make sure the ground wire to the &pllance
chassls Is securely fastenad

(CAUTION: Touching a running motor that Is not properly grounded can
cause hazardous static sheck.)

D.  Roll up your sieeves or wear tight fitting cuffs when you’re working around
any kind of rotating equipmunt because loose ulothing can be easily
caught on a motor shaft

Steps In systumatically troubieshooting an Induction motor

A, Unplug the motor from the power source

‘ols
) VLY,
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Check with a VOM for powver at the outlet into which the motor was plugged

If there is no power at the outlet, check the breaker box or fuse panel

o 0 =

If the breaker is tripped, reset it; if a fuse is blown, replace it
E. Plug the motor into the outlet again and attempt to start the motor

F if the motor again trips the breaker or Jlows a fuse, the problem Is In the
motor

G.  Once the problem Is established as belng I the motor, check for loos. con-
nections or broken wires around the motor

H. Make all the electrical checks you can make with your VOM

1. The capacitor on a capacitor start motor is always accessible and
can be checked with a capeacitor analyzer and repiaced as required

2. The thermal overload on a throw-away motor can be checked with a
VOM and replaced as reqired

motor, the switch can be checked with a VOM and replaced as
required, but if tha centrifugal switch is inside the motor, the motor
will have to be replaced

3. If a centrifugal switch is located outside the motor on a throw-away ’

R Hcok the motor up to a test cord and check it for mechanical problems
such as loose bearings

Ju If electrical or mechaniral checks indicate a problem that would not be cost
effective to repair, replazce the motor according to information on the old
motor nameplate
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Motor Nameplate

Power (%)) ELecTRi N

A.C. MOTOR
MODEL 500 TYPE KC PHASE 1
HP | 1% | HERTZ (CYCLES) 60 F.L.A. 16/7.6
VOLTS 120/240 RPM 1725
TEMP RISE 40°C L.R.A. 80/40

DUTY RATING | CONTINUQOUS

CODE

S.F.

1.25

SERIALNO. | 25303
FR | 66
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UNIT IV

JOB SHEET #1 — TROUBLESHOOT AN AC INDUCTION
MOTOR FOR THERMAL OVERLOAD

A.  Tools and materials
1. Appliance with AC Induction motor
2. VOM
3. Schematic for appliance
4. Pencil and paper
5. Safety glasses
B. Procedure
1. Put on safety glasses

2, Check the appliance schematic to determine where to locate the two thermal
overload conductors coming cut of the motor

(NOTE: On some open-face motors, the thermal overload housing Is exposed and
the leads are easy to remove, but on some motors the thermal overload leads
may be plugged anto the external centrifugal switch.)

3. Set your VOM to measure resistance on the R x 1 scale

4. Place the red VOM lead on one termal and the black VOM lead on the other termi-
nal

a. If there is no reading and you have an open-face motor with the thermai
overload exposed, replace the thermal overload

b. If there Is no reading and you have an open-face motor with the thermal
overload in the motor, replace the entire motor

c. If there is a full scale deflection on the meter, the thermal overload Is proba-
bly okay and the windings will raquire further testing

5.  Write your findings down on paper

150)
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6. Have your instructor evaluate your procedure for
O Proper use of the schematic
L] Proper use of the VOM
O Proper evaluation of the thermal overload condition

7. %lean up area and return tools and equipment to proper storage, or prepare for
next job sheet as directed by your instructor

191
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UNIT IV

JOB SHEET #2 — TROUBLESHOOT AN AC INDUCTION MOTOR TO
DETERMINE WHETHER THE START MECHANISM OR THE START
WINDINGS ARE BAD, AND REPLACE A CENTRIFUGAL SWITCH

A. Tools and materiais

1.

L]

Appliance with AC induction motor
VOM

Schematic for appliance

Basic hand touls

Pencil and paper

Safety glasses

Motor test cord

B. Routine #1 — Making prelimiinary tests

-—d

A

Put on safety glasses
Plug motor into power source and start the moto:

a. If motor starts, runs for only a short time and stops, unplug the appliance
and remove the motor

b. if motor starts and hums but will not start or run, unplug the appliance and
remcve the motor

Place the motor un a safe, solid work area

Hook the imotor up to a test cord

Plug the tust cord into a power source and start the motor
Listen for the motor hum

Grasp the motor shaft between your thumb and fingers and give the shaft a
sharp twist clockwise

a. if the motor does not run, the probl.m is the run windings and the motor
should be reniaced
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b. If the motor does run, let it run a moment and then unplug the test cod
Grasp the motor shaft again between your thurnb and fingers, but this time give
the shaft a sharp twist counterclockwise
a If the motor does not run, the problem Is In the run windings and the motor
should be replaced
b. if the motor does run, and If It also ran when you twisted the shaft clock-
wise, the problem Is elther In the start windings or in the start mechanism
C. If the starting mechanism Is Internal, It Is not cost effective to fool with the
problem any longer, and the motor should be replaced
d. I the starting mechanism Is external, continue troutleshooting to deter-
tnine If the problem Is In the starting mechanism or In the start windings
Have your Instructor check your work

C.  Routine #2 — Checking the start and run windings

1.

Check the wiring dlagram again to determine the type of centrifugal switch the
motor has, and where the terminals for the run and start windings are located
(NOTE: Make a sketch if you need to.)
Set your VOM on the R x 1 scale
Put on your safety glasses
Remove the leads from the run winding terminals and note where they come
from 8o you can return them to the proper terminals
Place the red VOM lead on one terminal and the black VOM lead on the other ter-
minal
Look for a resistance reading close to zero but less than 2 ohms

a. If there is no reacing, it means the run windings are open and the motor

should be repluced
b.  If the reading Is okay, go on to the next step

Place the red VOM lead on one of the start winding leads coming out of the
motor

Place the black VOM lead agalnst the motor case and make sure you get good
contact
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9. Repeat the procedure for the other start winding lead from the motor

a. if there Is any kind of reading, it moans the start windings are shorted to the
motor housing and the motor sk >uid be replaced

b. If there Is no reading, the start windings are okay, but the centrifugal switch
needs to be replaced

[ Have your instructor check your work
D.  Routine #3 — Replacing the centrifugal switch
1. Make a sketch of the conductor leads to the cantrifugai switch
2. Remove tha two screws hoiding the centrifugal switch to the motor housing

3. Check the part number on the centrifugal switch, and be sure the replacement
switch is the exact part number as the oid switch

4, Install the new centrifugal switch exactly as the old switch was removed so you'll
be certain the spring-loaded pliinger in the motor fits into the switch properiy

. 5. Secure the new switch with the two screws that were removed
6. Replace conductor leads according to the sketch you made previously
7.  Plug motor Iinto a test cord and start the motor
D Have your instructor check your work

8. Clean up area and return tools and materiais to proper storage

162
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UNIT IV

JOB SHEET #3 — BENCH TEST A SINGLE-SPEED MOTOR
WITH A TEST CORD

A.  ools and materials
1.  Single-speed motor as selected by instructor
Test cord
VoM
Wattmeter
Clean shop towels

Capacitor analyzer

N~ o O &> © D

Safety glasses

. B. Procedure
1.

Put on safety glasses

2.  Secure the motor to be tested in a vice, but don't damage the motor by tightening
the vice too tight

3. Set your VOM to measure resistance on the R x 1 scale
4, Check resistance between the terminals on the centrifugal switch, BU to W
a If the resistance reading is between 1 to 3 ohms, go on to step 5

b. If the resistance reading is 0 ohms, the motor windings are shorted and the
defective motor should be replaced

(CAUTION: Do not apply power to this motor.)

o

Set the VOM| to measure resistance on the R x 1,000 scale
6. Measure rasistance from all motor terminals to the motor case
a. If the reading I8 infinity, go on to step 7

b. If you obtain any resistance reading, the motor windings are shorted to
ground and the defactive motor shouid be replaced

. (CAUTION: Do not apply power to this motor.)
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7. Connect the test cord leads as follows:
a. Connect the black test cord lead to the BU motor switch terminai
b. Connect the white test cord lead to the W motor switch terminal

c. Connect the green test cord lead to the motor case and be sure it makes a
good ground

d. Leave the red test cord lead unconnected
8. Plug the test cord into a wattmeter set at the 500 watt scale
9. Plug the wattmeter into a 120V 3-prong grounded outlet

(NOTE: If you're working with a capacitor start motor, it would be good at this
point to check the capacitor with a capacitor analyzer.)

10. Turnthe test cord start switch to RUN and observe the reading on the wattmeter

a. If the wattage reading is between the normal range of 165W to 225W, the
motor is okay, but continue with your procedure

b. If the wattage reading is above 250W, turn the start switch to the OFF posi- ‘
tion and go on to the next step

11.  Record your wattage reading here:

12. Disconnect th2 test cord and wattmeter

13. Check the colors of the wires to the start switch and make a note of which color
goes to which terminal so you can later put the wires back on their correct termi-
nals

(NOTE: If any wires have the sane color, use coiored tape to identify them.)
14.  Disconnect the wires from the start switch (there should be 3 of them) and mea-

sure resistance between all three wires with your VOM set to measure resistance
on the R x 1 scale

hira )
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15.  Record wire colors and resistance readings on the diagram that follows:
Wire color—______ Resistance reading
/ Q
Resistance reading !
Wire color
Q
. Resistance reading /
Wire color . .
Q
16. Take the highest resistance reading between 2 wires and mark the other wire that
Is left over as “common”
17. Take tha next highest resistance reading be‘ween the 2 wires remaining and
mark that wire as “start”
18. Mark the remaining wire as “run”
19. Connect the test cord eads as follows:

21,

23,

a, Connect the black test cord lead to the run wire
b. Connect the white test cord lead to the common wire
C. Connect the red test cord lead to the start wire

d. Connect the green test cord lead to the motor case and be sure it makes a
good ground

Plug the test cord into a wattmeter set for the 500 watt scale
Plug the wattmeter into a 120 V 3-prong grounded outiet

Turn the test cord switch to the START position and observe the wattage reading
as you release the switch

Record your wattage reading here:

a. If the wattage reading is between the normul range of 165W to 225W, the
motor is okay )
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b. If the wattage reading is ahove 250W, the defective motor should be
replaced
C. If the motor did not start, or started and drained high wattage in Step 10,
but started and ran normal wattage in Step 22, then the start switch is
defective and should be replaced

24. Complete the following evaluation:

a. Motor is okay

b. Motor Is okay, but start switch must be replaced _.

] Have your instructor check your work

25. Clearn up area and return tools and materials to proper siorage
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NAME

TEST

1. Match the terms on the right with their correct definitions.

a. A mechanical switch used to disconnect
starting mechanisms in induction motors by
taking advantage of the force created by a
rotating motor shaft

—_b A soft iron core that temporarily becomes a
magnet whea electrical current flows
through wires coiled around it

C. The process of magnetizing an object by
bringing it into the magnetic field of an elec-
tromagnet.or a permanent magnet

. —. Any device or material that has the proper-
ties of magnatism

e. A mechanical device that has to be manu-
ally pressed down to complete a circuit

S A device used to direct start an induction
motor

—_—0 A load on a circult or system greater than
the load for which it was desighed

—h. A reference to a motor type that has both
start and run windings

—_— A single lever that operates a single set of
contacts

—_ A single lever that operates two sets of con-
tacts

—_—k A motor wired in a \nanner that permits
external control of poiarity so the direction
of motor rotation can be reversed

‘ S The soft, laminated iron portion of a stator
around which wire is wound

Y
J

A
Y
-~
——
-
)

U

a.
10.
1.

13.
14,
15.
16.

> L w»

Magnet

SPST

Rotor

Reversibie motor
Centrifugal switch
Momentary switch
SF

Motor test cord
Electromagnet
Stator

induction

Duty rating

SPDT

Overload

Pole

Split-phase
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——-Mm.  The degrie to which a motor can be loaded
beyond i.s rated horsepower

—e The length of time a motor can be safely
operated, expressed as continuous or inter-
mittent

0. The iron core cylinder that rotates within the
stator of an AC induction motor

_—p The component in an AC Induction motor
that contains the stationary paris of the
rmagnetic circult and their associated wind-
ings
2. Solve the following problems concerning the principles of magnetism.
a.  What Is the name of the magnetic force that forms a field around a magnet?

Answer

b. What do like charges do?

Answer

c. What do unlike charges do?

Answer

3. Apply the left hand rule for conductors by completing the following statements.

a. Using the left hand rule for conductors Is the best way to determine the direction
of the lines of

b. When the conductor is grasped with the left hand and the thumb is pointing in
the direction of electron flow, the four fingers wil! point in the direction of the

4, Complete statements concerning electromagnets and colls by Inseriing the word(s)
that best completes each statement.

a. The field of force around a conductor can be strengthened by forming the con-
ductor into a

b. The strength of the magnetic fieid depends on the number of colilg in the conduc-
tor and the amount of applied to the conductor

c. The strength of the magnetic fleld can be made much stronger by placiny an
core inside the coiled conductor
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d. When electricity flows through the conductor coils, the iron core ber es an

e. The polarity of the electromagnetic field can be deteimined by using the left
hand rule for colls:

1) Grasp the coll in such a way that your point in the direc-
tion of current flow
2) Your wlll point to the N poie of the electromagnet
f. Reversing the direction of In an electromagnet

reverses the N and S poles of the electromagnet

g. Electromagnets can be turned on or off by simple controls and rade to do useful

h. A metal conductor can be so constructed that when electric current flows
through It, the magnetic force created will pull a metal into the
coli

I The metal moving into the coll when the coll 's energized and
moving out of the coll when the current Is shut off is the principle that makes
. work, the same kind of used In many major

appliances

5. Solve problems concerning other principles of magnetism by answering the following
questions.

a. Whai happens when a magnetic fleld cuts across the wire?

Answer

b. What does making a transformer require?

Answer

G Electricity directly from a powur source flows through the primary coll In a trans-
former, but what kind of electricity flows through the secondary coll In a trans-
former?

Answer

d. The primary coll receives electrical input, but what does a secondary coli in a
transformer become’’

Answer -

o)
h
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Identify types of transformers by placing the correct name of the transformer under the
appropriate illustration.

1PI\AA

b.

Complete statements concerning DC motor components by inserting the word(s) that
best completas each statement.

a. DC motors are not in commen use around major appliances, but knowing how
they work will help a technician better understand AG motors
that are used with malor appliances

b. The basic DC motor has four major components:

1) An which is an electromagnet mounted on a shaft so It
can turn

2) A splitring

3) that the makes contact with

4 A field so that the armature will

JSIFTN
o
Lot [
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Seiect true statements concerning DC motor operation by placing an “X" beside each
statement that Is true.

a. The arrangement of the commutator and brushes causes the electricity
that flows through the armature to reverse its direction each time the
armature rotates half a revolution

—b. Turning a switch to ON turns the armature Into an electromagnet, and

since llke magnetic poles repel each otner, the armature’s N and S poles
spin away from the N and S poles of the field magnet

e C. Since opposite magnetic poles attract, the N and S poles of the field mag-

net attract the opposite poles of the armature as the armature turns

—_—d. Just as the N and S armature poles align themselves with the opposite S

and N poles in the fleld tnagnet, the commutator/brush arrangement
reverses the flow of electricity In the armature

S -} Since the poles on the armature are reversed electrically, the armature and

field magnets repel each other once again and the armature continuas to
spin and produce direct current

Complete statements concerning AC Induction motors by Inserting the word(s) that
best completes each statement.

a.

The AC induriiion motor is the one most frequently used with major appliances
because Its rugged construction is especiaily suited to spead
applications. and It has a long, trouble-free service life

AC induction motors have several advantages over DC motors:

1)  AC current is more readily

2) Induction motors have no or to wear out

3) Induction motors are and can be used In
applications where a DC motor might create a hazard

AC induction motors use a rotating magne.ic field to produce torque, a field cre-

ated by winding wires of different size and reslstance onto within
a stator

The windings in an Induction motor are either resistance start
windings or resistance run windings

When an induction motor is started, a normally closed switch

connects both the start and run windings In parallel across the line

When the motor reaches 75% to 80% of its designed operating speed, the
switch opens to disconnect itself from the circuit as the motor
continues to operate with only the windings

L)

on o
AN
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10.  Match the components of an AC Induction motor with thelr functions.

—a. The outer protective covering deslgned for 1. End bells
specific service applicatior

. Centrifugal switch

—Db The stationary laminated iron casing con-
taining the poles that start and run windings
are wound onto to form a magnetic fleld

Motor housing

Stator

c. A cylinder with lamlinations of soft Iron that
rotates within ihe stater on a shaft that may
have the centrifugal switch attached to it

Assembly holts

Rotor

R N A control device that disconnects the start
windings after a ir.otor reaches 75% to 80%
of Its normal operating speed so the motor
wlill continue operation on the run windings
only

N o o » O N

Thermal overload

e. A protection device that shuts the motor off
to keep it from overveating

—_—f The flange-like caps on each end of the
motor that contaln bearings which support
the shaft, usually have open slots for ventl-
lation, and one of these may contain the
centrifugal switch

—_—0. Blots that go through the motor housing and
hold the end belis In place

11.  Solve problems concerniny types of AC Induction motors by answering the following
questlons.

a. Why do induction mctors require starting devices?

Answer

b. How are induction motors usuaiiy typed?

Answer

C. What type of induction motor do present day appllances require, and why?

Answer

S04
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12. Select true statements concerning operations of an induction stait, induction run
motor by placing an “X” beside each statement that is true.

a, An induction start, induction run motor has an external starting mecha-
nism

—Db The induction start, induction run motor has a start and run winding, and
when voltage is applied to the start winding, it starts the rotor turning

N When the motor reaches a speed of approximately 1150 rpm, a centrifugal
switch in the motor disconnects the start winding and engages the run
winding

d. The motor continues to run on the run winding only

13.  Select true statements concerning the capacitor start, induction run motors by placing
an “X" beside each statement that Is true.

a. A capacitor start, Induction run motor has no externa! starting mechanism

— b As the motor is energized, the line voltage decreases 20 to 25 percent, and
the voltage that is stored in the capacitor is now at a higher potential than
the line voltage, so the capacitor discharges an electrical surge that
increases starting torque

. C. As the motor reaches a speed of approximately 1150 rpm, a centrifugal
switch disconnects the starting capacitor and engages the run winding

S« N The motor continues to run on the run winding only as the capacitor circuit
is recharged

14, Complete the following statements cencerning motor housings by Inserting the word(s)
that hest completes each statement.

a. For some special applications such as motors or certain auto-
matic dishwashers, motors use a vapor-proof or dust-proof housing that totally
encases the motor

b. Totally enclosed motors run and generally have a shorter service
lIfe than vented motors

C. Totally enclosed motors generally have to be replaced when they go bad because
there is that can be performed on them

d. The trend in modern appliance motors is to use an open-frame housing which
mromotes operation

e. Motors in open-frame housings are called
motars because it is not cost effective to work on them, and the open-frame
housings are almost impossible to reassemble because they are welded
together or glued together with epoxy
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Motors with open-frame housings are the most type confrontad
In major appliance service, and such mectors will be found on almost all majey
appliances designed for normal use

g. Motors with open-frame housing cost less, but they do collect lint and dirt read-
Iy, and part of every service call should be to the open-frame
rnotor if the appliance has one

h. Motor housings are designed for special applications and often determine the
nature of motor

Solve problems concerning motor speeds by answering the following questions.

a, If an automatic washer has a normal and a gentle cycle, wlil it have a single-
speed, two-spaed, or three-speed motor?
Answer

b. If an automatic washer has a normal, wash and wear, and a delicate cycle, will it

have a single-speed, a two-speed, or a three-speed motor?

Answer

Match types of motor bearings with thelr characteristics.

a. Commonly found In Induction motors on 1. Roller bearings
washers and dryers because they are least
expensive and have good service life, but 2, Ball bearings
are prone to get noisy as they wear out
3. Sleeve bearings
—_ b Commonly found In induction motors on
appliances where less nolse is preferred
and where cooler operation Is desired for
increased pe*formance and motor life

C. More uxpensive than other types of bear-
Ings, but less friction makes for a Quleter
running motor that Is preferred for special
applications

Solve problems concerning motor thermal protection by answering the following quea-
tions.

a. If a thermal overload on an AC Induction motor goes bad, does the motor have to
be replaced?

Answar _

b. What should be done before attempting to start or troubleshoot a hot or over-
heateu motor?

Answer

D3
L4 >
L Fa )
-
-~
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Complete statements concernli.g other motor probiems by Inserting the word(s) that
best completes each statement.

a. Motors function best withli« a 10% range above or below their rated nameplate

b. Low voltage reduces starting torque, Increase full load temperature, and
motor life

3

High voltage Increases starting torque, produces Increased heat, and
motor life

d. Excess voltage variations up or down wiil Increase heat, cause
and vibration, and shorten motor life

. Modern appliance motors have a lifetime system bulit in, but
some motors stlll have an oller tube $o oll can be added as required by specifica-
tions

f. Never over iubricate a motor; In fact, most specifications call for only two or
three of oll every six months

Q. Oller tubes have and these should aiways be
checked to make sure they are In place so dirt wiil not get into the bearing
directly below the tube

h. Never replace a motor with a motor, and never overioad a motor

I Belts on motor pulleys should be properly adjusted, and the ruie of thumb Is that
the beit under normal pressure sheould deflect no more than a distance equal to
the of the belt

Select true statements concerning using compressor test cords In motor testing by
placing an “X” beside each statement that Is true.

a. Compressor test cords are useful for checking a motor for mechanical
problems such as being locked up or having bad bearings, and these prob-
lems may exist even though the motor checks okay on all electrical tests

S ) A bench test with a test cord Is the best way to assure that the motor is
sound mechanically as well as electrically, but electrical tests should
always be made before test cord use to avold biowing the fuse In the test
cord

c. A test cord bypasses all control circulits so that the motor can be tested at
normal rpm

— 8 A test cord can be used in conjunction with a wattmeter to see If the motor
Is drawing too much amperage

o
Q‘“i'wv
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e. For =afety, a good test cord will have 3 wire power cords and a ground cord
to attach to the motor housing

- f Test cords are available from parts supply stores or can be assembled in a
shop from readily available components

Complete a list of guidelines for servicing throw-away motors by inserting the word(s)
that best completes each statement.

a. A centrifugal switch on a throw-away motor is always located
the motor on the opposite end of the drive pulley

b. The centrifugal switch can be tested for with an ohmmeter, and
replaced as required

c. On a capacitor start, lnductloh run motor, tha capacitor can be tasted for capaci-
tance witha YOM or a , and replaced as required

d. The thermal overload on all motors with open-frame can be
tested for continuity with an ohmmeter, and replaced as required

e. All start windings and run windings in an Induction motor are
and it Is not cost effective to attempt to service them by rewinding .

Solve problems concerning motor nameplate information by answering the following
questions.

a. Name at least five items of importance that wili be found on a motor nameplate.
1)

2)
)

4)

5)

b. What is the safest rule to follow when ordering an entire replacement motor or a
single component?

Answer

Complete the following statements concerning motor safety by inserting the word(s)
that best completes aach statement.

a. Always unptug a motor from its —_ before starting
any slectrical checks .
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b. Always allow a hot or overheated motor to
before attempting to restart it or performing any tests

c. When Installing @ motor, always make sure the
to the appliance chassis is securely fastened

d. Roll up your sleeves or wear tight fitting cuffs when you’re working around any
kind of equipment because ioose clathing can be easlly caught
on a motor shaft

23. Arrange In order the steps in systematically troubleshooting an induction motor by
placing the correct sequence number in the appropriate blank.

a. Check with a VOM for power at the outlet into which the motor was

plugged
Db if there Is no power at the outlet, check the breaker box or fuse panel
c. If the breaker is tripped, reset it; if a fuse is blown, replace it

——d. Make all the electrical checks you can make with your VOM

‘ 1)  The capacitor on a capacitor start motor Is always accessible and
can be checked with a capacitor analyzer and replaced as required

2) Thethermal overload on a throw-away motor can be checked with a
VOM and replaced as required

3) If acentrifugal switch Is located outside the motor on & throw-away
motor, the switch can be checked with a VOM and replaced as
required, but If the centrifugal switch is inside the motor, the motor
will have to be replaced

e Plug the motor into the outlet again and attempt to start the motor

.5 If the motor again trips the breaker or blows 2 fuse, the [ roblem Is in the
motor

— Once the problem is established as being in the motor, check for lcose
connections or broken wires around the motor

N ¢ N Hook the motcr up to a test cord and check It for mechanical problems
such as loose bearings

— ) If electrical or mechanical checks indicate a problem that would not be
cost effective to repair, replace the motor according to information on the
old motor nameplate

. ) Unplug the motor from the power source

Q . A
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(NOTE: If the following activities have not been accomplished prior to tie to %, ask your
instructor when they should be completed.)
24.  Demonstrate the ability to:

a, Troubleshoot an AG induction motor for thermal overlcad problems. (Job Sheet
#1)

b. Troubleshoot an AC induction motor to determine whether the start mechanism
or the start windings are bad, and replace a centrifugal switch. (Job Sheet #2)

C. Bench test a sing'e-speed motor with a test cord. (Job Sheet #3)

oo .
&g
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‘ AC INDUCTION MOTORS
UNIT IV

ANSWERS TO TEST

. a 5 i. 2
b. 9 jo 13
C. 11 k. 4
d. 1 l. 15
e. 6 m 7
f. 8 n. 12
g. 14 o. 3
h. 16 p. 10
2. a Flux
b. Repel
C. Attract
3. a Magnetic flux
b. Magnetic field
4, a Coil
b. Voltage
c. Iron
‘ d. Electromagnet
e. 1) Fingers
2) Thumb
f. Current flow
g. Work
h. Plunger
i Plunger, solenoids, solenoids
5 a It induces electricity into the wire
b. Two iron cores wrapped with wire be placed alongside each other
C. Induced electricity
d. A source of electrical output
6. a Step-up transformer
b. Step-down transformer
7. a. Induction
b. 1)  Armature
2) Commutator
3) Brushes, commutator
4)  Magnetic, spin
8 abcde

9. a Constant

5. 1)  Available
2) Comimutator, brushes
3) Spark free

no
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C. Poles
d. Higk, low
e. Centrifugal
f, Centrifugal, run
10. a. 3 e. 7
b. 4 f. 1
c. 6 g. 5
d. 2
11. a, When they start, they draw 6 to 8 times their normal running current
b. According to their start/run characteristics
C. Capacitcr start, induction run motor because it has higher starting torque
12. b,c,d
13. b,c,d
14, a Fan
b. Hotter
o} Little service
d. Cooler
e. Throw-away
f. Common
g Vacuum
h. Service
16. a. Two-speed
b. Three-speed
16. a.
b. 1
C.
17. .« No
b. Allow the motor to cool down
18. a. Voltage
b. Shortens
C. Shortens
d. Noise
e. Lubrication
f. Drops
g. Flip caps
h. Smaller
i, Width

19. a/b,cdef

4]
——
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20.

21,

22.

23.

24,

ANSWERS TO TEST

a. Outside

b. Continuity

C. Capacity checker

d. Housings

e. Internal

a. Any five of the following:

1)  Model number
2) Serial number

3) Type

4) Horsepower
5) Hertz

6) Voltage

7)  Full load amperage
8) Locked rotor amperage
9) Service factor
10) RPi
11)  Frame type
12) TEMP RISE
13) Duty rating
b. Copy down all of the nameplate information

Power source
Cool down
Ground wire
Rotating

coop

OO TN
oW

f.
g.
h.
I
Jo

- aOo~N®

Performance skills evaluated according to procedures written in the job sheets
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DIAGRAMS AND SCHEMATICS
UNIT V

UNIT OBJ":CTIVE

After completion of this unit, the student should be abie to discuss how to use block dla-
grams, schematic diagrams, and wirlng dlagrams as troubleshooting tools. The student
should also be able to list other graphic alds used in service literature and Identify basic elec-
tricai symbols. The student should also be able to use a wiring dlagram to troubleshoot cus-
tomer complai °ts, and use a timer sequence chart to Isolate 2 malfunctioning component.
These competencles will be evidenced by correctly performing the procedures outlined In the
assignment sheet and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student will be able to:
. 1. Match terms related to diagrams and schematics with thelr correct definitions.

2. Select true statements concerning block diagrams.
3. Complete statements concerning schematic diagrams.
4. Solve problems concerning wirlng diagrams.
5. Match other graphic alds with their functions.
6. Complete statements concerning whers to find he..:ul graphlc alds.
7. Select true statements concerning timer sequence charts.
8. Complete a list of what legends do.
9. Complete a chart of common color code abbreviations.

10. Identify baslc electrical symboils.

11.  Idenitfy symbols for solld state devices.

12. Complete statements concerning guidelines for using diagrame and schematics.

‘ 13. Interpret a timer seque nce chart and wiring diagram for ar, automatic dishwasher.
(Assignment Sheet #1)
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DIAGRAMS AND SCHEMATICS
‘ UNIT V

SUGGESTED ACTIVITIES

A. Provide students with objective sheet.

B.  Provide students with information sheet.
C. Make transparencies.

D. Discuss unit and specific objectives.

E. Discuss information sheet.

F Discuss and demonstrate the procedures outiined in the assignment sheet.

G. Remove the service panel from an appliance and show students where the service infor-
mation is located and identify it by type.

H.  Use a selected wiring diagram or wiring schematic to demonstrate to the class how
service literature is applied i\« the actual process of troubleshooting.

I Use TM 2 and TM 3 to demonstrate to the class the functional differences between a
schumatic diagra'y and a wiring diagram, and point out the reasons why a wiring dia-
gram is more effective for troubleshooting.

J. Discuss symbols in general, the lack of formal standards for the use of symbols, and
the importance of legends and notes on diagrams and schematics.

K. Give test.
CONTENTS OF THIS UNIT

A.  Objective sheet
B. Information slieet
C. Trangparency masters

1. TM 1 — Block Diagram

2. TM 2 — Schematic Diagram

3. TM 3 — Wiring Diagram

4. TM 4 — Other Graphic Aids

5. TM 5 — Wiring Harness
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CONTENTS OF THIS UNIT

6. TM 6 — Timer Sequence Chart and Schematic Diagram
7.  TM 7 — Electrical Symbols

8. TM 8 — Electrical Symbols (Continued)

8. TM 9 — Solid State Symbols

Assignment Sheet #1 — Interpret a Timer Sequence Chart and Wiring Diagram for an
Automatic Washaer

Answers to assignment shaets
Test
Answers to test
REFERENCES USED IN DEVELOPING THIS UNIT

Tech-Talk “J” Dishwashers. Dayton, OH 45449: Frigidaire Parts and Service Company,
1981.

Tech-Talk “M” Dryers. Dayton, OH 45449: Frigidaire Parts and Service Company, 1983,

Tech-Talk “M” Clothes Washers. Dayton OH 45449:; Frigidaire Parts and Service Com-
pany, 1983,

Kaiser, Joe. Electrical Power. South Holland, IL: The Goodheart-Willcox Company, Inc.,
1982,

Pipe, Ted. Basic Electricity Training Manual. Indianapolis, IN 46263: Howard W. Sams &
Co,, Inc., 1973,

McClain, Gerald R. and Neal A. Wilson. Electron’c Drafting. Stiliwater, OK 74074: Mid-
America Vocational Curriculum Consortium, 1983,
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DIAGRAMS AND SCHEMATICS
UNIT ¥

INFORMATION SHEET

I.  Terms and definitions

A. Cabinet — The frame and lower covering of an appliance where the operat-
ing components and their associated wiring are hotised

B. Console — The upper panel of an appliance that houses control devices
such as timers and switches and Is frequently lighted to enhance the
appeara Jf the appliance

C. Color coding — The use of colored insulation around conductor wires to
identify different circuits in an appliance, and the marking of terminals with
appropriate colors to assure proper assembly &nd facliitate more efficient
troubleshooting

D. Graphic ailds — Diagrams, schematics, line drawings, views, and photo-
graphs avaliable for a given product to assure proper assembly and effi-
clent service

E. Line drawing — A hand drawn or computer drawn pictorial as opposed to a
photogre .+

F Perspective — A view of an object from a glven angle such s the top, bot-
tom, end, or side

G. Pictorial — A drawing or other graphic representation of an object made in
suth a way that it helps a viewer visualize how the object is made or how It
works

H. Tracer — A second color of narrow width molded into the basic color of the
insulation around a wire

R View — A portion of an objeci »resented in a perspective which heips to
clarify its assembly or its function.

Il.  Block dlagrams (Transparency 1)

A. Block diagrams are simpis lliustratic = showing the relationship of compo-
nents in a circuit.

B. Block dirgrams use boxes or circles to Indicate relative component loca-
tion and often have the name of the component written near the box or cir-
cle.

C. Block diagrams sometimes use switch symbols, but other symbois are sel-
dom found on a block diagram.
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INFORMATION SHEET

Block diagrams sometimes use arrows to indicate the direction of current
flow.

Block diagrams are oftc: used to lllustrate in a general way how an appli-
ance circult and components are related, but they are nct specific anough
to be used for actuai troubleshooting activity.

Block diagrams seldom have legande like wlring diagrams and schematic
diagrams do.

Schematic diagrams (Transparency 2)

A

Schematic dlagrams do not show wiring detall, but are used to show how &
clrcult Is structured to serve the components in an appliance.

Schematic diagrams ser : to illustrate genoral operations, but do not show
actual detail of wires, turminais, and connectors.

If you know electrical symbols, schematics are relatively easy to read.

The limitation of a schematic Is that its lack of detail makes it difficult to
use In sltuations where wire by wire troubleshooting Is required.

Schematic diagrams frequently have legends to clarify circuit structure and
component relationships to the circuit and control devices.

Wiring diagrams (Transparency 3)

A

Wiring dlagrams are a troubleshooter’s best friend bacause they are more
complete than any other type of diagram.

A good wiring diagram will show, in some way, every wire, terminal, connec-
tor, and component in an appliance.

One of the conventions of a wiring diagram Is that phantom lines or other
techniques may be used to express relationships of componenis and
switches or control devices.

Wiring diagrams use symbols profusely, but the size, shape, and relation-
ships are not neceszarlly shown to any scule because distances have to fit
within the diagram.

Wiring diagrams are effective troubleshooting tools because wires have
thelr color codes listed, and some wiring diagrams show the wires In thelr
actual colors.

Wiring dlagranis aimost always have legends for clarification, and some
legends ist co:nponents names and part numbers as an added aid for the
service technician.

S
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V.  Other graphic alds and thelr functions

A. Phantom views — Use dashes to create a window to expose an object that
would otherwise be hidden or to repre sent an object that is hidden (Trans-
parency 4)

B. Cutaway views — Use lIrregular lines to create a window that permits a
viewer to better visualize an assembly or a troubleshooting activity (Trans-
parency 4)

C. Detall views — Used to clarify other pictorials by enlarging and spotlighting
‘parts of a component that v.ould be otherwise difficult to visualize (Trans-
parency 4)

D. Section views — Slice through the plane of an object to display Internal
component relationships and operations (Transparency 4)

E. Exploded views — Depict components separated «nd suspended in the
order In which they fit together (Transparency 4)

F Wiring harness diagrams — Show how wires are actually connected to ter-
minals or to other wires (Transparency 5)

Y.  Where to find helpful graphic alds

. A.  Repair manuals, service manuals, and Installation guldes are usually well
lllustrated with schematics, dlagrams, timer charts, and photographs or
line drawings to depict proper assembly and servico.

B. A wiring diagram or a schematic Is usually attached to an appliance behind
a service panel so that a service technician can readily find it. (Figure 1)

FIGURE 1
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Wiring diagrams or schematics should always be returned to the appliance
after use so that the next techniclan who works on the appllance will not
have to waste time finding a proper dlagram.

Repalr manuals, service manuais, and Installation guldes use cutaways,
phantom lines, and detall views to help clarlify difficult assemblles or serv-
ice routines.

Exploderi views are used frequently In service literature, but are also com-
mon in parts catalogs because the detall Is most effective for helping relate
parts to their part numbers. (Flgure 2)

FIGURE 2

f ,.*‘J“!»{.

Wiring harness diagrarns are used mostly at the point where an appliance
is actually assembled in the factory, but every now and then they show up
in service literature when wiring needs to be detailed.

Timer saquence charts (Transparency 5,

A

Timer sequence charts are almost always included with an appliance that
has a timer, and they frequently are shown with a wiring diagram or sche-
matic because the two should be used togsther.

The timer sequence chart IS a valuable troubleshootilng tooi because it
deplcts what is happening at any glven polnt in an operating cycle.

Timer sequence charts number the timer switches and list the funations of
each switch.

Each timer switch number indicates the color code or the terminal an:i the
wiring that connects components controlled by each of the timer switches.

When used with a wiring diagram or schematic, a timer sequence chart can
be used to quickly Isolate a problem component or a bad switch.

oo
&
—_
s
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Vilii. Legends

A. Legends accompany diagrams, schematics, and other pictorials to provide
a key for properly interpreting the material.

B. Legends are typically used to:
1. Indicate color code meanings. (Figure 3)

FIGURE 3

B = BLACK R = RED

8U » BLUE W WHITE
BR = BROWN Y = YELLOW

G « GREEN
OR = ORANGE B INSULATED CONNECTOR
PV = PURPLE

Courtesy Frigidaire

2. Indicate speclal circuitry. (Figure 4)

FIGURE 4
TEMPERATURE SELECTOR GHART OPTIONS CHART
. C RCUIT CIRCUIT
OR+TR Gto P+TRio] P+TR
FUNCTION RioY oy |BUtoBU FUNCTION Te10 |GO0R vo v | tooR
HOTICOLD X NORMALIFAST
_wmwwmm X X X NORMALISLOW
WARMICOLD X X GENTLE/SLOW
COLDICOLD
Courtesy Frigldalre

3. Provide notatlons needed to interpret abbreviations and speclal sym-
bols. (Figure 5)

FIGURE 5

CONTACTS CLOSED
ELECTRICALLY CONNECTED

2.27° ROTATION = t MINUTE

TM-TIMER MOTOR
“X' DENOTES CONTACT CLOSED

Courtesy Frigidalre

IX. Color codes

A. Because there are many circults in a single appllance, wires and terminails
are color coded to assure proper assembly ana make troubleshooting more

‘ efficient.
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Color codes vary with manufacturer and sometimes from appliance to
appliance, but single colors are usually indicated with obvious abbrevia-
tions, and colors with tracers lists the tracer color second or sometimes

simply indicate it is a basic color with a tracer,
Example: T-B = Tan with a black tracer
T-TR = Tan with a tracer

There are no standards for color abbreviations, but some that are fairly
common are shown in Figure 5.

FIGURE 6
B or BK = Black G = Green PU = Purple W = White
BR = Brown GY = Gray R = Red Y = Yellow
BU = Blue 0 or OR = Orange T = Tan TR = Tracer
LBU = Light blue | Por PK = Pink V = Violet

Color codes are always indicated on 1imer sequence charts, but in some
cases color codes vary significantly, and proper interpretation requires
careful reference to the legend that accompanies the matertal. (Figure 7

Example: The foliowing color code from a Frigidaire dishwasher sche-
matic varies from standard abbreviations.

FIGURE 7

COLOR CODE

AsGRAY PKsPINK
BeBLACK R*RED
GrGREEN TsTAN
K*BPOWN UsBLUE
N*ORANGE W WHITE
PePURPLE  YeYELLOW

U-WeBLUE/WHITE TRACER
T-8+TAN/BLACK TRACER
Y-Bs YELLOW/BLACK TRAGER
K-Ws BROWN/WHITE TRACFR
N-WORANGE/WHITE TRACER
R-BRED/BLACK TRACER
P-WePURPLE/WHITE TRACER

TERMINAL
CONNECTIONS CODE

o= (NTERNAL BUSS BAR
~~INTERCONNECTING WIRES

SWITCH CIRCUIT CODE
X¢CLOSED 0= OPEN

Courtesy Frigidaire

-
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X. Basic electrical symbols (Transparency 7 and 8)

A.  The heart of a clrcuit Is wiring, and the symbol for wiring is a straight line
with speclal symbols for points where wires joln, cross, or join with connec-
tors.

B. To be safe, a clrcult must be grounded, and there are separate symbols to
indlcate whether the circuit has an earth ground <r a ground to chassis.

C. Fuses, clrcult breakers, and overloads are protection cevices that fre-
quently require troubleshooting.

D.  Switches are probably the most common parts of an appllance clrcuit, and
thelr symbols indicate thelr functions.

E. When an operator pushes a button to start an appliance, a momentary
switch does ine work of getting things started.

Water level switches are found In automatic washers and dishwashers.
G. Centrifugal switches are usually found in motors.

Relays and solenolds activate other components, and their symbols may

. vary slightly.
L Motors are Important components of many major appliances, and thelr
symbols indicate their type and service application.

J. Capacltors are used with some motors and for other applications, and thelr
symbols Indicate whether they are fixed or variable.

K. Resistors in a clrcuit may have the ohmic value indicated, and the resistor
symbol is also used to Indicate a resistance heater.

L. Thermostats and thermocouples are both control and protective devices.

Lights generally function to alert an appllance operator to a proper or
Improper operating conditlon, and each type of light has its own symbol.

W. Terminals where wires are attached to devices are usually blocked out and
Indlvidual terminals are lettered or numbered.

XI.  Symbois for solld state devices (Transparency 9)

A.  Since more and more modern appllances &re using solid state devices for
controls, repalr technicians heed to know solid state symbols

B. Solld state controls usually Include transistors, dlodes, triacs, rectifiers,
and sllicon controlled rectiflers (SCR's)

C.  Solid state controls may include electronic devices such as resistors and
. capacltors
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D.  Solid state devices promise to grow in popularity because they are com-
pact, lightweight, and operate faster than other types of components

Xill. Guldelines for using dlagrams and schematics

A. Check for the hot side or ungrounded line of the power source so you'll
have a logical starting point.

B.  Trace the current flow from the source through any control devices to the
malfunctioning component so you can Identlfy components that you will
physically have to check on the appliance.

C. A hot wire passing through several In:line components Indicates a serles
circuit.

D.  Look for places where a hot wire goes into a polnt, but two or more wires
come out; this indicates a branch or parallel circuit, and each branch has to
be traced individually back to the scurce.

E. When there are two or more current sources, the sources wil! be confined to
their own circuits, but they will never be joined.

F Remember two important rules for electrical troubleshooting:

1. Current never vanishes; if current flows Into a device, it must flow out .
agaln and back to the power source for the clircult.

2. If the current flow divides, it must come together again at a point
before the pownr source or at the power source.

G.  Read the legend to be certain you know what incldental symbols mean, and
take all notations into consideratlon.

H.  Make sure you interpret symbols correctly, and consult a rellable reference
when you're not sure.

I Remembe; that schematics and diagrams show switches and control
devices in the condltion they are in just before appllance operatlon starts
and that a manual or automatic event must take place to change a switch
position.
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L2 W
R N
LiMIT
THERMOSTAT MOTOR SPEED SW.
VAN NEATER 77N
/ / c
1 3 1 21
! \
\ / \ SN
S w? S
TIMER MOTOR
7
--1"\.4} |
AN
-
MOTOR | NOT RUNNING| DOOR SW.

OR = ORANGE
= RED
W = WHITE

TIME SCHEDULE IN MINUTES

SWITCH CYCLES

CLOSED OFF

TIME DRY NO HEAT

OFF

HEATER B-OR

MOTOR B8-BR

W
W

LMY NI

e 04-86 1

e 90 —of

o— = 70—

Automuilc Dryer

Courtesy Frigidalre
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Wiring Diagram
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BR = BROWN Y = YELLOW
G = GREEN
OR = ORANGE
PU = PURPLE
Automatic Dryer
. Courtesy Frigldaire
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Other Graphic Aids

Cutaway View with Detail

CLAMPS

o | e Exploded View of Float and
TSN Switch Assembly

& M FLOAT

CLAMPS “ L3
g+ FLOAT
& STEM
- -

WIRE ENDS (@) GASKET

BRUSHING )
WASH ARM

SWITCH

RETAINER ———+

(3

;/

SWITCH
BLADZ

+— PLASTIC SCREW

L,"'m Phantom View

PLOT HOLE

WATER QUTLET
TO WASH ARM

LINKAQE SPRING

PLUNGER

DRAIN
SOLENOID

™ 4




Wiring Harness

4 TERMINAL - 4 WAY SWITCH (PURCHASE LOCALLY)
MAY BE CLOSED

ORANGE- 1
TAN+ TR- 2
WHITE- 3
BROWN- 4
BLACK- 5

SPDT SPEED LWITCH

e el

P () —
FAST

€

3

()
o

8001780 CAPACITOR 180-210 MFD

Courtesy Frigidaire
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®  Timer Sequence Chart and Schematic
Biagram

~JIMER | LI N
DOOR T
" SWITCH o
o3 = w
B JUMPER I
N PUNP Y W
= [ MOTOR
N

Y LOLOR CODE

A BLACK PKe PINK

Qe GREEN A+RED

K« BROWN W WNITE
Ne ORANGE Yo YELLOW

T-8 ¢ TAN/BLACK TRACER
Y+0 ¢ YELLOW/BLACK TRACEN

JERMINAL
NECTI
S, || & = HTEmAL S
27 Jv-a ;blo:;u FILL
ey R L]
ol o0 W
[}
® @ *
[}
_Looon ﬁ mmer_]_
= I =
SCHEMATIC DIAGRAM
TIMER CHARTY
o ) b 3 g 3 e 8

CIROAT _ | COLOR CODE
1T | oA T8-9A ] B
18 | i T8-ALO |l
1A | HEATER 1 | Pwec-rELLOW I
T | HEATER & | TR-YELLOW MK 1 |
3| TmeEN | PURPLE-BLK.
4 | row | romrieoname

HEAVY $0IL
NORMAL 90IL
ANSE HOLO / RINSE ORY
= PLATE WARMER
T —— g s Lo soenr
W HEAT OPTION

START
OFF.

4 RINSE AGENT QISPENSED

. Courtesy Frigidaire
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Electrical Symbols

e

Circuit Wire Crossing Wires Junctions

—>— — —R

Connectors Earth Ground Chassis Ground

—oNo-  ofro  —OC—

Fuse Circuit Breaker Overload
—_0 O
—0~ 0— o
O—- —0"" 00—
Single Pole, Single Pole, Double Pole,
Single Throw Switch Double Throw Switch Single Throw Switch
o ’ O— O
V8 N Lo

Timer Switches Centrifugal Switch  Water Level Switch

s o o JIE.

Momentary
Switch Solenoid Transformer

233 ™7
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¢ Electrical Symbols

(Continued)
Timer Motor Singie-Speed Motor  Multi-Speed Motor

o—)l- )+ A0

Fixed Capacitor Variable Capacitor Resistor or
Resistance Heater

ol > L

Thermostat Thermocouple Fluorescent Light
@:: o~ °
Incandescent Light Neon Light Single Terminal
F[o-0—0— ol
Iaefieaidiid

Block Terminal

DS
>3
-

[ TS

™8
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Solid State Symbois

@ @ =

Thermistor Transistor Diode

%

SCR (Silicon Controlled Rectifier)

=& &

Zener Diode Triac Light Emitting Diode

&

™9
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@ DIAGRAMS AND SCHEMATICS
UNIT V

ASSIGNMENT SHEET #1 — INTERPRET A TIMER SEQUENCE
CHART AND WIRING DIAGRAM FOR AN AUTOMATIC DISHWASHER

A.  Tools and materlals
1. Wiring diagram (Figure 1)
2. Timer sequence chart (Figure 1)
3. Pencil and paper

B. Procedure

1. Remember that the snlid lines in the timer sequence chart Indicate at what
points and for how long voltage Is applled to a given timer contact

Remember that the timer sequence chart functions for the sake of clarity, and
that the time Increments across the chart which appear to be one minute Incre-
ments are actually half-minute Increments, and the compiete cycle takes about
33 minutes, not 868 minutes as the chart seems to Indicate

Start troubleshooting by finding the hot side of the Incoming power supply on
the wiring diagram

(NOTE: On Fi~~ 1 that accompanles thls assignment sheet, the hot side Is
shown at the top of the diagram as L1.)

Trace the clrcult through the door switch which Is in series with the timer
Trace the circult into the timer and cut of the timer inte the black jumper

(NOTE: Check the legend to the right of the wirlng diagram if you have questions
about what abbreviations mean.)

Trace the black jumper Into Its connection with a tan with black tracer condiictor
which takes the circuit through the 1B timer cam which comes out on a red wire
and carries the current on to the float switch which Is |:. serles with the fill valve

(NOTE: On this particular Frigidaire dishwasher, the timer motor starts ac the ON
switch Is activated and stays on untll the end of the fuil cycle, but notice that the
water pump is ON and OFF Intermittently for rinse and wash operations.)

Note the many things that happen when thie ON switch Is actuated:

a The door switch Is In series with the timer and closes to permit current to
reach the timer and bagin the cycle

-J

0o




ASSIGNMENT SHEET #1

The first activity is a heavy soll rinse which beglns early In the cycle and
involviss activation of the 4T timer cam to the pump motor, activation of
the 1T timer cami to the drain, and actlvation of the 1B timer cam to the flil
valve

The rinse/drain function for heavy soll starts the first 6 minutes (actually 3
minutes) of the cycle, and both the pump/drain activities are Intermittent
as Is the flil activity throughout the remainder of the wash/rinse opera-
tlons

Heater 2 Is first activated at about 11 minutes (actually 51/ minutes) Into
the cycle and then alternates with heater 1 through the flrst two wash
cycles to help malntaln proper water temperature

After the final rinse, only heater 1 stays on during the drying part of the
cycle

All pump and drain aiternations end at about 48 (24) minutes Into the
cycle, and only the timer and heat 1 remaln actlvated until the 68 (33) min-
ute cycle Is complete

Use the preceding Information, reference the wiring dlagram and timer chart In
Figure 1, and answer the following questions:

a.

At what points in the cycle Is detergent dispensed?

Answer

At what point In the cycle is the rinse agent dispensed?

Answer

Can timer cam 1B and 1T both be activated at the same time?

Answer

What do timer cams 1B and 1T control?

Answer

What drying optlons does this dishwasher offer?

Answer
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f. What timer cam controls the drying options?

Answer

g. The timer chart in Flgure 1 shows Heater 1 and Heater 2, but there is only
one heating element indicated on the wiring dlagram. What does this
mean?

Answer

h. Use the wiring diagram and timer charc in Figure 1, list at least three com-
ponents that might be causing the common complaint that the dish-
washer will not fill with water.

Answer

i What timer cams would you check to see if the fill circuit Is complete
through the timer?

Answer

J. If you have continulty through the timer contacts in a given clrcult, what
does that mean?

Answer

K. What component |s most likely to be causing a complaint that dishes do
not dry properly?

Answer

L If the dishwasher has a complaint of Improper cleaning because the deter-
gent Is not being properly dispensed, but a check of the detergent dls-
penser solenold proves the solenoid is okay, what color wire would you
trace back to the timer, and what timer cam would you trace It to?

Answer __




MAR-241

. ASSIGNMENT SHEET #1

FIGURE 1 WIRING DIAGRAM
TIMER LI N
P D WD Ak S e o ‘1 ‘
DOON
» WTH s I
537 = w
B WMPER 1}
N PUMP \ W
47 MOTOR
N
cggtil _ Y LOLOR CODE
Bs BLACK P PINK
"’"Eg.l Depensen | AN w it
MAT Ns ORANOE ¥ YELLOW
ORY y T-8 » TAN/BLACK TRACER
Y-8 » YELLOW/BLACK TRACER
T8 K ORAN JERMINAL
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. . 27 ! |vm % FLL
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DIAGRAMS AND SCHEMATICS
UNIT V

ANSWERS TO ASSIGNMENT SHEETS
At about 10 (5) minutes into the cycle at the beginning of the first wash operation, and
at about 14 (7) minutes into the cycle at the beginning of the second wash operation
At about 38 (19) minutes into cycle at the beginning of the final rinse
No
1B controls the fill function, and 1T controls the drain function
Cool dry and heat dry
1A

It rneans there are two heater circuits, one to maintain water temperature and the other
for drying

The door switch, the float switch, and the fill valve
3T and 1B
That the circuit is complete through the timer

The heating element

Yellow with a black tracer should be traced back to timer cam 2T
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' DIAGRAMS AND SCHEMATICS
UNIT V

NAME

TEST

1. Match the terms on the right with thelr corract definitions.

a. The frame and lower covering of an appll- 1. Line drawing
ance where the operating components and
thelr associated wiring are housed 2. Tracer

—_b. The upper panel of an appllance that houses 3. Graphlc alds
control devices such as timers and switches
and Is frequently lighted t0 enhance the
appearance of the appllance

. Cablnet

c. The use of colored Insulation around con-
ductor wires to Identlfy different circults In
an appllance, and the marking of terminals
with appropriate colors to assure assemb'y 7. View

. and facilitate more efficlent troubleshooting

4
5. Perspective
6. Color coding

8. Console
— Dlaorams, schematics, line drawings, views,
and , .otographs available for a glven prod- 9. Plctorlal
uct to assure proper assembly and efficlent
service

e. A hand drawn or computer drawn plctorlal
as opposed to a photograph

S A A vlew of an object from a glven angle such
as the top, bottom, end, or side

S } A drawling or other graphic representation of
an object made In such a way that It helps a
vlewer visualize how the object Is made or
how It works

—h A second color of narrow width molded Into
the baslc color of the Insulation around a
wire

S A portion of an object presented In a per-
spective which helps to clarlfy Its assembly
or It8 function

{3V
a
j—a
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TEST

Select true statements concerning block diagrams by placing an “X" veside each state-
ment that Is true.

—b.

—_f

a.

Blcck diagrams are simple illustrations showing the relationship of com-
ponents in a circuit

Block diagrams use boxes or circles to indicate relative component loca-
tion and often have the name of the component written near the box or cir-
cle

Block diagrams sometimes use switch symbols, but other symbois are sel-
dom found on a block diagram

Block diagrams sometimes use arrows to indicate the direction of current
flow

Block of diagrams are often used to lllustrate in a general way how an
appliance circuit and components are related, and are good for actual
troubleshooting activity

Block diagrams usually have legends like wiring diagrams and schematic
diagrams to

Complete statements concerning schematic diagrams by inserting the word(s) that
best completes each statement.

a. Schematic diagrams do not show

detall, but are used to show

how a circuit is structured to serve the components in an appliance.

b. Schematic diagrams serve to Illustrate operations, but do not
show actual detail of wires, terminais, and connectors.

C. If you know electrical , Schematics are relatively easy to read.

d. The limitation of a schematic Is that its lack of detail makes it difficult to use In
situations where by troubleshooting is required.

e. Schematic diagrams frequently have to clarify circult structure

and component relationships to the circult and control devices.

Solve problems concerning wiring diagrams by answering the foliowing questions.

a. Why are wiring diagrams a troubleshooter's best friend?

Answer

b. Why are sizes and shapes in a wiring diagram not to scaie?

Answer
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C. Why do wiring diagrams help make circuit troubleshooting easier?
Answer
Match other graphic aids with their functions.
a. Use dashes to create a window to expose 1. Section views
an object that would otherwise be hidden or
to represent an object that is hidden 2. Wiring harness dia-
grams
——b. Use irregular lines to create a window that
permits a viewer to better visualize an Detalil views
assembly or a troubleshooting activity
Exploded views

c. Used to clarify other pictoriais by enlarging
and spotiighting parts of a component that
would be otherwise difficult to visualize

Phantom views

o o >

Cutaway views
N § Slice through the plane of an object to dis-

play internal component relationships and

operations

e. Depict components separatet and sus-
pended Iin the order in which they fit
together

——f Show how wires are actually conreacted to
terminals or to other wires

Complete statements concerning where to find helipful graphic aids by inserting the
word(s) that best completes each statement.

a. Repair manuals, service manuails, and instaliation guides are usually weli illus-
trated with schematics, diagrams, timer charts, and photographs or line draw-
ings to depict proper assembly and

b. A wiring diagram or a schematic Is usually attach:d to an appliance
a service panel so that a service technician can readily find It.

C. Wiring diagrams or schematics shouid always be returned to the
after use so that the next technician who works on the appliance will not have to
waste time finding a proper diagram.

d. Repalr manuals, service manuals, and installation guides use cutaways, phan-
tom lines, and detalil views to help ciarify difficuit or service rou-
tines.

e. Exploded views are used frequently in service literature, but are aiso common in
parts catalogs because the detall is most effective for helping relate parts to
their .

I}?
-
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f. Wiring harness diagrams are used mostly at the point where an appiiance Is
actually in the factory, but every now and then they show up In
service literature when wiring needs to be detalied.

7. Select true statements concerning timer sequence charts by placing an “X" beside
each statement that is true.

a. Timer sequence charts are aimost always Included with an appliance that
has a timer, and they frequently are shown with a wiring diagram or sche-
matic because the two should be used together.

—Db. The timer sequence chart Is a valuable troubleshooting tool because it
depicts what is happening at any given polint In an operating cycle.

c. Timer sequence charts number the timer switches and list the functions of
each switch.

—_—d. Each timer switch number indicates the color code of the terr.:inal and the
wiring that connects components controlied by each of the timer
switches.

e. When used with a wiring diagram or schematic, a timer sequence chart
can be used to quickly Isolate a probiem component or a bad switch.

8. Complete a list of what legends do by circling the word(s) that best completes each
statement. :

a. Legends accompany diagrams, schematics, and other pictorials to provide a key
for properly (interpreting) (applying) the material.
b. Legends are typlcally used to
1) Indicate (color) (assembly) code meanings.
2) Indicate (normal) (special) circuitry.

3  Provide (notations) (hints) needed to interpret abbreviations and special
symbols.

9.  Complete the following chart of common color code abbreviations by inserting the cor-
rect name In the appropriate blank.

B or BK = Black Gmb PU=d Wi
BR = Brown GY = Gray R = Red Y = Yollow
BUma ___ 0 or OR = Orange Tme, _____ TRug ...
LBU = Light blue PorPKme, V = Violet

,_2 y
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10.  Identify baslc electrical symbols by matching the correct term with the appropriate
symbol.

a. o—r—‘—T— 1. Chassis ground
~Q

Fuse

Circult breaker
Overload

Water level switch

Single-speed motor
Light emitting diode

Thermostat

® ®©® N oo ¢ & O N

Momentary switch

. Reslstor

)

. Neon light

-
-
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Compiete statements concerning solid state devices by inserting the word(s) that best
compietes each statement.

a. Since more and more modern appliances ar> using solid state devices for
» repalr technicians need to know solid state symbois.

b. Solid state controis usually inciude , diodes, triacs, rectiflers, and
sliicon controiied rectifiers.

C. Solid state controls may include electronic devices such as resistors and

d. Solid state devices promise to grow In popularity because they are compact,
lightweight, and operate than other types of components.

Complete guidelines for using diagrams and schematics by inserting the word(s) that
best complete each statement.

a. Check for the side or ungrounded line of the power source 0
you'ill have a logical starting point.

b. Trace ths current flow from the source tirough any devices to
the maifunctioning component so you can identify components that vou will
physically have to check on the applic ‘ce.

c. A hot wire passing through several in-line components Iindicates a
circuit.

d. Look for piaces where a hot wire goes into a point, but two or more wires come
out; this indicates a branch or circuit, and each branch has to be
traced individually back to the source.

e. When there are two or more current sources, the sc.uices wiil be confined to their
own circuits, but they will never be -

f. Remember two Important ruies for electrical troubleshooting:

1) Currentnever ________:ifcurrent flows into a device, it must fiow
out again and hack to the power source for the nircuit.

2)  if the current fiow divides, it must come again at a point
before the power source or at the powsr source.

g. Read the to be certain you know what incidental symbols mean,
and take ail notations |,1to consideration.

h. Make sure you interpret symbols correctly, and consult a rellable reference when
you're .

246
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TEST

W Remember that schematics and diagrams show switchas and control devices in
the condition they are in Just before appliance operation and thax
a manuali or automatic event must take place to change a switch position.

(NOTE: If the following activity has not been accomplished prior to the test, ask your instruc-
tor when it should be compieted.)

13. Interpret a timer sequence chart and wiring diagram for an automatic: dishwasher.
(Assignment Sheet #1)

247
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DIAGRAMS AND SCHEMATICS
UNIT V

ANSWERS TO TEST

byl 8= Bba ¥« B o BN o 3 o N -
NNOOI2 WO N

2. abocd

3. a Wiring
b. General
C. Symbois
d. Wire, wire
e. Legends

4, a. Because wiring diagrame are more compiete than schematics
Because things have to fit within a limited space
Because all wiring is cciur coded

1208 =

T Q00T
N & OoO

Service
Behind
Appliance
Assembly
Part numbets
Assembled

~eooow

7. abcde
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10.

1.

12,

13.

oo

e op

il < @

e 0o op

e Se oo oe

~o2oo0oow®

interpretting
1)  Color
2) Special
3) Notations

Biue
Green
Pink
Purple
Tan
White
Tracer

-

Controls
Transistors
Capacitors
Faster

Hot
Control
Series
Parallel
Joined
1)  Vanishes
2) Together
Legend
Not sure
Starts

ANSWERS TO TEST

Evaluated to the satisfaction of the instructor
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TOOLS, MATERIALS, AND
TEST INSTRUMENTS
UNIT VI

UNIT OBJECTIVE

After completion of this unit, the student should be able to Identify hand tools and shop tools,
AWG conductor sizes, and types of splices used on appliance conductors. The student shouid
alt Ye able to use test instruments to check for proper voltages, to measure amperages, and
to make continuity checks. These competet..ies wlll be evidenced by correctly performing the
procedures outlined in the assignment and job sheets and by scoring 85 percent on the unit
test.

SPECIFIC OBJECTIVES

Aiter completion of this unit, the student will be able to:

. 1. Match terms related to tools, materials, and test instruments with thelr correct def-
initlons.

2. Identify selected basic hand tools.

3. Identify selected shop tools.

4. Complete a list of miscellaneous supplies.

5. Match required appliance repair literature with Its uses.

6. Solve problems concerning VOM’s and their uses

7. Select true statements concerning clamp-on ammeters and thelr uses.

8. Complete staternents concerning digital m*iltimeters and their uses.

9. Select irue statements concerning temperatura testers and thelr uses.

10. Complete statements concerning capacitor analyzers and thelr uses.

11.  Select true statements concerning wattmeters and their uses.

12. Complete statements concerning shunts and their functions In ammeters.
o 13. Match electrical measurements with ways to make them.

14. Complete statements concerning appllance wiring.
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15.
16.
17.
18.
19,

21.

27,

OBJECTIVE SHEET

Solve problems concerning soldering tools.

Complete statements concerning resin-core solder and Its characteristics.
Arrange In order the procedure for using solld wire solder,

Arrange In order the steps In wire stripping.

Identify selected 4ypes of splices.

Complete statements concerning guldelines for connectlons at screw terminals.
Complete statements concerning guldelines for good soldered splices.

Complete statements concerning guldelines for using solderless connectors and
terminals.

Complete statements concerning proper care and use of hand tools.
Complete a list of guldelines for using other tools and equipment.
Select true statements concerning eye protection.

Identlfy selected tools. (Asslgnment Sheet #1)

Demonstrate the abllity to:

a.  Test electrical receptacles for proper voltages. (Job Sheet #1)

b. Use a clamp-on ammeter to test for high and low amperages on a fan motor
and a light bulb. (Job Sheset #2)

c. Make a continulty check of a magnetic control assemply from an automatic
washer. (Job Sheet #3)

d.  Spliceslectrical conductors to acceptable service standards. (Job Sheet #4)

. Use a VOM for a quick capacitor check. (Job Sheet #5)
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TOOLS, MATERIALS, AND TEST INSTRUMENTS
UNIT VI

SUGGESTED ACTIVITIES

Provide students with objective sheet.

Provide students with information sheet.

Mal.a transparencies.

Discuss unit and specific objectives.

Discuss information sheet.

Discuss and demonstrate the procedures outlined in the job sheets.

Demonstrate the use of a VOM, a clamp-on ammeter, a wattmcziur, a temperature ana-
lyzer, and a capacitor analyzer.

Invite the manager of a local or area appliance repair facility to talk to the students
about the need for safe and proper use of tools and test instruments, and the impor-
tance of gaining basic skiils in the use of electrical test instruments.

Invite a local plumber to show students some of the basics of pipefltting and how to
use adjustable and pipe wrenches in tandem to make secure connections.

Select receptacles for students to check for proper voltage, and prepare some so they
will indicate improper voltage or no voltage at all.

Examine Assignment Sheet #1 carefully and tag selected tools as required for students
to complets the assignment.

Glve test.

CONTENTS OF THIS UNIT

Objective sheet

information sheet

Transparency masters

1. TM 1 — Basic Hand Tools

TM 2 — Basic Hand Tools (Continued)

TM 3 — Measuring Wnitage at a Receptacie
T 4 — Measuring Voltage in a Parallal Circulit

TM 5 — Measuring Amperage in a Circuit

@ o » N

TM 6 — Measuring Resistance in a Coil
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CONTENTS OF THIS UNIT

D. Assignment Sheet #1 — identify Selected Toois
E. Job sheets
1. Job Sheet #1 — Test Electrical Receptacles for Proper Voltages

2. Job Sheet #2 — Use a Clamp-On Ammeter to Test for High anc! Low Amperages on
a Fan Motor and a Light Bulb

3. Job Sheet #3 — Make a Continuity Check of a Magnetic Control Assembly From
an Automatic Washer

4. Job Sheet #4 — Splice Electrical Conductors to Acceptable Service Standards
5. Job Sheet #5 — Use a VOM for a Quick Capacitor Check
F Test
G.  Answers to test
REFERENCES USED iN DEVELOPING THIS UNIT

A. National Electric Code 1987. Quincy, MA 02269: National Fire Protection Association,
1986.

B.  Armstrong Value Parts Catalog, Spring and Summer, 1985, Willoughby, OH 44094: W.D.
Armstrong Corp., 1985.

C. Anderson, Edwin P. Home Appliance Servicing. Indianapolis, IN 46268: Howard W. Sams
& Co,, Inc., 1979.
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TOOLS, MATERIALS, AND TEST INSTRUMENTS
UNIT V!

INFORMATION SHEET

. Terms and definitions

A. AWG (American Wire Gauge) — A classification system for Identifylng wire
conductors by dlameter and number

B. Chassis ground — A ground ti:d to the appliance cablinet or frame

C. Common — A conductor (usually white) that serves as a return to complete
‘an electrical circuit

D. Hand tools — Frequently used portable tools that can ba readily carried in
a tool box

E. Shop tools — Large tools, infrequently used toois, or expensive tools that
would be difflcuit to replace

F NEC (National Electric Gode) — Guidellnes dedicated to the protaction of
life and property In the use of electrical materials and their functions In resi-
dential and commercial applications

Q. Short — A disruption in a higher resistance circuit that dlverts current from
its Intended path into a side current of lower resistance and often blows a
fuse or trips a breaker

H.  Open — A clrcuit through which no current fiows
il. Baslc hand tools (Transparencies 1 and 2)

A. glet of standard screwdrivers with short to iong shafis and insulated han-
es

B.  Set of Phillips screwdrivers, #1, #2, #3, and #4 with insulated handles
C.  Nut driver set, 7-plece

NOTE: Nut driver set shouid include 316", 7/32", /4", 932", /6", 1Y/32", and
s* nut drivers.)

D.  Adjustable slip-joint pliers large enough to remove washer hoses

E. Longnose (needlenose) pliers for working with cotter kevs, retainer clips,
and wire terminals

F. Slip joint pllers to hoid parts and doubie as wira cutters
G.  Wire strippers/terminal pliers

H.  Diagonal cutting pliers/lineman's pliers

W DR AL % of ¢4 - |/




INFORMATION SHEET

Locking pliers for general use

J Internal and external snap-ring piiers

K. Side-cutting and straight-cutting aviation snips

L. Set of open end wrenches, Splece

M.  3s™and 14" ratchet/socket seis for working with cabinet screws

N.  Hand-held drilisibit sets, /4" through 12"

O.  Set of cold chisels, drift punches, and center punches

R Flies, fine to coarse

Q.  Hex key set

R.  Ball peen hammer

S. Soft-face hammer for working with bronze and brass bushings and pins
(NOTE: A good pocket knife if always handy, a putty knife is useful too, and
as work demands, there may be other hand tools required, but the basic
hand tools are those listed.)

T. Adjustable wrenches, 6", 12"

U.  Pipe wrenches, 12", 18"

Shop tools

A, Doliies for transporting appliances safely (Figure 1)

FIGURE 1

a5

’
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INFORMATION SHEET

B.  Appllance flippers (Figure 2)
FIGURE 2

C. Compressed air supply and good hose for cleaning (Figure 3)
FIGURE 3

D. Bearing remover and Installer (Figure 4)
FIGURE 4
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INFORMATION SHEET @

E. Spanner wrench (Figure 5)

(NOTE: Certain appliances require special toois that will be mentioned as
they are required in job sheets in the units that foliow.)

FIGURE 5

F Wetldry shop vacuum (Figure 6) .
FIGURE 6

IV.  Miscellansous supplies
A. Electrical, masking, and friction ta»e

B. High temperature lubricant and adhesive

: C.  Rubber adhesive .
|
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INFORMATION SHEET

D.  Multipurpose lubricant such as WD-40
E. Degreasers and detergent

!j; Leak-testing liquld and brush

G. Lint-free shop towels

H.  Emery cloth and sandpaper

l. Shrink tubing

J. Assortment of nuts, bolts, screws, and washers

K. Assortment of wire terminals, ‘wire nuis, and connecting devices
Required appilance repalr literature and its uses

A.  Service manuals — Relate service and repalr routines to specific models of
appliances

B.  Schematics - Provide visual guldes to electrical clrcults and to component
clrcultry

C.  Parts catalog — Uses exploded views and numbered references for posl-
tive parts {dentification

D. Technlcal updates — Keep service people Informed of Important pea:t
changes or changes In service requirements

VOM’s and thelr uses (Figure 7)

A.  Volt-ohm-mllliamp meters are the most frequently used meters In appliance
repair and knowing how to use one properly Is a basic requirement for all
service people

B. VOM's have three major functions:

1. Checking voltage

(NOTE: This Is very Important beciiuse most warranties are vold If
the appllance Is hooked up to an Improper voltage supply,

2. Checking amperage (rawa of flow)
(NOTE: Motors that are drawing too much amperage cause all sorts

of problems and amperage checks are the only way to find the prob-
lem; the same applies to surface elements on electric ranges.)




INFORMATION SHEET

3.  Checking continuity (resistance)

(NOTE: This may be the most frequently used VOM test because it
can be used on everything from triacs to solenoids and will quickly
deterimine If the component is shorted or open.)

VOM?'s can quickly differentlate between a short and an open because a

short will always show some reading and an open will always show no

reading at all

Proper scales should be selected for the function being measured

When a VOM Is used to measure resistance (ohms), the power to the appli-
ance should ALWAYS BE TURNED OFF or the meter might be destroyed

(CAUTION: Discharge capacitors before working around them.)

A VOM should always be zeroed before use, and this s accomplished by
simply crossing the test leads and adjusting the zero ohms control knob

If a meter will not zero, the battery is probably bad

Care should be taken when reading a VOM to assure that there Is no paral-
lax error caused by the viewIng angle

(NOTE: Some VOM's have mirrors behind the meter face 80 the reflection of
the pointer gives a precise reading and ellminates the parallax error)

FIGURE 7
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Vil. Clamp-on ammeters and their uses (Figure 8)

A,

Clamp-on ammeters are used to measure amperage in an AC current carry-
ing conductor without having to cut into or probe the conductor itselt

Clamp-on ammeters can aiso be used to perform VOM functions with volt-
age and resistance with special test leads that fit intoc the bottoms of the
meters, and scales for each function

Roading resistance with a clamp-on ammeter requires Inserting an In-line
fuse adapter into the hot lead

(NOTE: The li-line fuse adapter inciudes a peniite battery and a fuse, and
this permits the meter to be used as an ohmmeter.)

A speclal Internal fuse system eliminates the prospect that a clamp-on
ammeter could accidentally be destroyed while measuring resistance

Small amperages can be measured with a clamp-on ammeter by looping
the conductor lead around one jaw of the clamp two, three, or four times
and then dividing the reading by the number of loops

Clamp-on ammeteis are favored by service people because they are easy to
carry, versatile, and rugged

FIGURE 8

VIil.  Digital multimeters and thelr uses (Figure 9)

A.

Digital muitimeters do everything that VOM’s can do, but have a numbered
readout Instead of a scale

Digital multimeters are more accurate than VOM’s for measuring smait volt-
ages or resistances

Exarnple: When crossing leads to zaro a VOM, it will indicate zero while a
digital muitimeter will indicate three zeros
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12

Digital multimeters have special selectors for checking iransistors in wash-
ers, dryers, and appliances that have solid state con:rols

FIGURE 9

IX. Temperature testers and thelr uses (Figure 10)
A.  Temperature testers are used to measure;
1. Amblent temperature in ovens and refrigerators
2. Griddle and surface temperature
(NOTE: There is a special feature for this function.)
3.  Exhaust vent temperature on gas and electric dryers

B. Because temperature testers measure in miiiivoits converted to a rahren-
heit scaie, they are more accurate than hang-in thermometers

C. A temperature tester is remote from the sensing element and is much more
convenient to use than a hang-In thermometer which requives opening the
oven door to read
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o Because of their accuracy, temperature testers are a “must” plece of equip-
ment for recallbrating oven controls

FIGURE 10

Capacitor analyzers and their uses (Figure 11)

A, Capacitor analyzers are used strictly for checking capacitors on capacitor
start motors on washers

B. A capacltor analyzer is a much better test Instrument than a VOM for deter-
mining if a capacitor is st’'l in working condition because it will show If the
capacitor is shorted! or opan, or read the capacitor in microfarads

C. A good capacitor analyzer should be able to determine power factor toler-
ance and general capacitance tolerance

D. A good capacitor analyzer shouid also be able to Isolai. shorted vapacitors
«nd capacitors with Interniittent problems

FIGURE 11




Xi.

X

INFORMATION SHEET .

Wattmeters and their uses (Figure 12)

A,

Wattmeters are used to measure the amount of energy consumed by a
motor, an appliance, or a component

Measuring wattage wlil help letermine If an appllance or component Is
drawing too much current

Converslon factors for determining watt consumption are bullt into wattme-
ters, so they’re much easier to use than VOM’s or clamp-on ammeters
whose readings must be converted

Wattmeters can be used to measure wattages on electrical appliances In
the range of 130V to 260V

Wattmeters are used for checking other meters for proper calibration

FIGURZ 12

Shunts and thelr functlons in ammeters (Figure 13)

A,

A shunt Is designed to allow only a small percentage of a total current to

pass through an ammeter so the meter can be used to measure a wide
range of currents

Shunts eliminate the need for heavler coils which would increase the cost
and weight of ammeters and decrease sensitivity

2h3
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C. Shunts are bulit into many ammeters and are so Indicated on selector
scales that permit a technician to select the shunt most suitable to the

measurement
FIGURE 13
7
oM
Resistance in
meter coil

M=

—8 Selector
Switch .

. Xill.  Electrical measurements and ways to make them

A. Voltage — Must be measured ACROSS the circult or source being tested
(Transparencles 4 and 5)

B. Amperage — Must be measured In series with the circult being tested
(Trunsparency' 6)

C. Resistance — Must be measured from one point to another in a component
or a circuit (Transparency 7)

XIV.  Appliance wiring

A. Appliance wiring is selected according to an AWG number to Identify its
diameter and an insulation type to identify its service qualities
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B.  The AWG number grows smailer as the size of the wire Increases (Figure 14)

FIGURE 14

12 14 16 18

C.  The major insulation types required around major appliances are:

1. RHW — Molsture and heat-resistant rubber for dry and wet locations
where operating temperatures do not exceed 167°F

2. THW — Molsture and heat-resistant thermoplastic for dry and wet
locations where operating temperatures do not exceed 194°F

3. AA — A speclal wire for electric ranges because it has a braided
asbestos covering and can operate at temperatures up to 392°F

D. When reading wire sizes, the first number Is the AWG size and the second
number indicates how many conductors are in the wire

Example: 10/3 1s a 10-gauge wire with 3 conductors

2h5
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E. The maximum amperage a wire can safely carry is known as ampacity, and
low ampacity wires should never be used for high ampacity applications

(Flgure 15)
FIGURE 15
AWGH Ampacity
14 15
12 20
10 30
8 45
6 65
4 85
2 115
1 130
150
00 176
020 200

F Never replace an AWG ‘vire with a smaller wire becauss it could cause a
malfunction and create a fire hazard

Example: A receptacie for an electric range has a #8 AWG wire for ground
and #68 AWG wires for both the hot leads; using #10 wire for the
connection would not meet the NEC code, but #10 AWG wire Is
acceptable on a dryer receptacle because of tha lower amper-
age a dryer demands
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XV. Soldering tools

A. A 150 to 250 watt soldering gun is recommended for connectore and cir-
cults rated 30 to 50 amps or greater (Figure 16)

FIGURE 16

B. Large soldering irons of 40 {0 150 watts are suitable for connectors and cir-
cults rated 10 to 30 amps (Figure 17)

FIGURE 17

C. A pencill Iron rated 20 watts or less may be required for special applications

such as printed clrcuit boards or where space will not permit a larger Iron
(Figure 18)

FIGURE 18

D. Soldwring poses burn hazards, but the greater danger is potential eye dam-
«J0. 80 always wear safety glasses when soldering 0
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INFORMATION SHEET

Resin-core solder and Its characteristics

A. The type of solder used most often around electrical connections Is 40/60
resin-core solider

B. The 40/60 means the solder Is an alloy of 40% tin and 60% lead

C.  The flux required to clean metal and promote fusion Is placed Inside the
core of resin-corad solder

D. Resin-core solder comes in handy rolis that are convenient to store and
carry (Figure 19)

FIGURE 19

E. Resin-core solder Is noncorrosive and suitable for aimost all work around -
major appilances

F. When using resin-core solder, clean surface(s) to be soldered, apply heat to
the surfaces, and then run the strand of solder over the heated surface(s)

Solid wire solder and Rs characteristics

A, Solid wire solder is a popular 40/60 alloy for use In sweating or swaging
joints of tubing

B.  Bscause sclid wire solder has no flux core, a paste fiux must be used with it
C.  The procedure for using solid wire solder |s:

1. Clean surfaces to be soidered

2. Apply soldering flux to both surfaces
Apply heat to the parts to be soldered, rot to the solder itseif

Arply the soider to the heated parts and aliow it to meit onto the
parts

2hE




INFORMATION SHEET ‘

XVill. Steps In wire stripping

A Piace the wire in the proper siot in the wire stripper and work the stripper
back and forth until a cut is made around the entire insuiation (Figure 20)

FIGURE 20

B. Hold the wire tight with one hand and use the other hand to gently move the
insulation back and forth until the cut breaks ciean and unwanted insula-
tion can be pulied off (Figure 21)

FIGURE 21

C. Taper the insulation with a knife to increase the wire's flexibility becauge
straight cut insulation creates a force point that can cause a wire to break
(Figure 22)

FIGURE 22

Fight Wrong
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XiX.  Types ol splices
A.  Simple splice (Figure 23)

FIGURE 23

Stranded Wire
B. Simple tap (Figure 24)
FIGURE 24

aingle Wire
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Stranded Wire
C. Pigtall splice (Figure 25)
FIGURE 25

Single Wire to Stranded Wire
D.  Hook splice (Figure 26)
FIGURE 26
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XX. Guldelines for connections at screw terminals

A.

Wire should be attached at a screw terminal so that the loop lies in the
direction the screw turns (Figure 27)

FIGURE 27
= 73
asmx-)) ) L___=N)f)
Right Wrong

Wire should loop the screw a little less than one full turn, but excessive
loops are not recommended (Figure 28)

XXI. Guildeilnes for good soldered splices
A.
B.

Wires to be spliced must be bright and clean at the point of connection

Connecting points must be tight so solc.ar will solidify without wire move-
ment (Figure 28)

FIGURE 28

Right Wrong

Wire shculd be coated withi electric soldering paste, and then soldered so
that solder melts and fiows Into every crevice of the splice (Figure 29)

FIGURE 29

Entire splice area sheuld ba covered with water-proof plastic tape (Flgure
30)

FIGURE 30
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Guidelines for using solderiess connectors and terminals

A. Solderless connectors should be used according to their color codes, and a

connector for a lighter gauge should never be used on a wire of a heavier
gauge

B. Screw-on connectors work weil on pigtail splices, and they require no tap-
ing because they’re made of insulating materials (Figure 31)

FIGURE 31

C.  Crimp-on terminal lugs should not leave a gap between the insulation and

the lug, and if there is a gap, a plastic sleeve should be added te cover the
bare wire (Figure 32)

FIGURE 32

Right Wrong

Proper care and use of hand tools
A Screwdrivers (Figure 33)
1. Do not hammer or pry with screwdrivers

2.  Worn Phillips screwdrivers should be discarded, but fiat biade screw-
drivers can be useful as long as the tip can be reground square

FIGURE 33

Right Vrong
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B. Wrenchoes and pliers (Figure 34)
1. Do not hammer on wrenches or hammer with wrenches

2. Uss adjustable wrenches so that the iarge Jaw is opposite the «‘irec-
tion of force

3.  When puiling on an adjustabie wrench, he careful not to hit yourse 't
in the chest or head, and when pushing on an adjustable wrench,
hoid your hand palm-flat on the handie so you won't accidentally
scar your knuckies

4. Do not use pliers In place of a wrench, especiaily on brass flttings

5.  Use pilers with insulated handles when working around electricai cir-
cuits and components

FIGURE 34

C.  Hammers (Figure 35)
1. Never use a hammer with a loose handle
2. Use ail hammers for thelr intended purpose
FIGURE 35

D. Punches, chiseis, and files (.*igure 36)
1. Keep chisei cutting edges sharp

2. Keep chisel heads properly dressed, and never strike a chisei that
‘ has a rnushroomed head
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3. Files become dull if stacked in a drawer, so hang them up

4. Do nct hammer or pry with a file because they are brittie and break
easily

FIGURE 36

R 0

72
L1

i

77

I
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E. Socket sets and nut drivers {(Figure 37)

1. Do not use a cheater bar to gain greater ieverage on the handle of a
ratchet because It wili strip the ratchet gears

2. Do not use a cheater bar on a thin wail socket because the socket
will break

3.  Nutdrivers should be used for hand-tight nuts, bolts, and screws, but o
do not use pliers to increase leverage

FIGURE 37

XXIV.  Guildelines for using other tools and equlpment

A, Cords for drop iights should not be run over by appliance doilies or piaced
where objects with metal edges may be piaced on them

B. Handle levels with care because once they’re droppud they're usually liac-
curate

C. Do not apply too much pressure on a hex key wrench or it may break or
round out the socket in the set screw

e
N
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D. Never use oxyacetylene equipment without proper instruction or without

permission

E. Keep safety glasses Iin a case when they're not in use so they'll stay clean

(NOTE: If someone had to take time to clean a pair of safety glasses, they
might have a tendency just to fcrget them.)

F Never point a compressed air nozzle at another person, and never use com-
pressed air when It might spray dirt or metal particles at someone nearby

XXV. Eye protection

A.  Wear safety glasses at all times In the shop area

B Blow compressed alr away from you when using It for cleaning
C. Wear a face sh'eld when warking with grinding tools
D

If you get cieaning solvent on your hands, wash them with s.ap and water
to avold the possibility of acc'dentally rubbing your eyes

. E. Know the location of the nearest eye flush station
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Basic Hand Tools

Adjustable Pliers

Needlenose Pliers

—
M Phillips Screwdriver Set

Lineman’s (sidecutting) Pliers

Nut Driver
Slip-Joint Pliers

LI
Internal Snap-Ring Pliers

Wire Strippers
(Electrician’s 6-in-1 tool)

C.%,mﬁﬁ R 5

External Snap-Ring PIi
Locking Pliers nap-ning Fiiers

™1
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Basic Hand Tools
(Continued)

Aviation Snips

#nma =) -
- P’-——-Eggr/ Pipe Wrench
’ '""L..
Socket Set and Ratchet % 0)

Adjustable Wrench

Hex Wrenches

™2
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Measuring Voltage at a Receptacle

)
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®  Measuring Voltage in a Parallel Circuit
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‘®  Measuring Amperage in a Circu

é\[ﬁﬂ Load

_

S()I-...-'leg (12 + 6) = 2 Amps

™5
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@  Measuring Resistance in a Coil

282

™8




1) MAR-295

‘ TOOLS, MATERIALS, AND TEST INSTRUMENTS
UNIT VI

ASSIGNMENT SHEET #1 — IDENTIFY SELECTED TOOLS

Directions: Your instructor has prepared a display of toois that are each tagged with a number.
Examine the tools and write the name of each tool beside the appropriate number. Add more
numbers as needed.

1. 16.
2. 17.
3. 18,
4. 19.
5. 20.
6. 21.
7. 22,
. 8. 23,
9. 24,
10. 25.
1. 26.
12. 27.
13. 28.
14, 29.
15. 30.
Your Name Date .
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TOOLS, MATERIALS, AND TEST INSTRUMENTS

UNIT VI

JOB SHEET #1 — TEST ELECTRICAL RECEPTACLES
FOR PROPER VOLTAGES

A. Tools and materials

1l

6.
B. Routine #1 — Checking a 120V receptacle
1.
2.
3.

2
3
4,
5

Wall raceptacle for 120V supply

Wall receptacle for 240V range supply
Wall receptacl for 240V dryer supply
VOM

Pencli and paper

Safety glasses

Put on safety glasses and set the VOM to measure voltage at 250V
Make sure the selector switch is set for AC

MAR-297

Place one VOM test iead Into each of tha slotted openiings in the receptacle (Fig-

ure 1)
FIGURE 1
—All Wires #12 AWG <=
S
((/:\ﬁ) H
120 | e 0
4y
@
120

Check your meter and record the reading

Place one VOM lead In the left slotted opening and the other VOM lead In the

round hole at the top ¢* the receptacle
Check your meter and record the reading




C.

8.
9.

O

10.

JOB SHEET #1

Place one VOM lead in the right slotted opening and the other VOM lead in the
round hole at the top of the receptacle

Check your meter and record the reading

Compare the reading In Step 8 with the reading from Step 6
Have your instructor check your findings

Make all voltage checks agaln If your findings vary at all from the values shown
in Figure 1

Routlne #2 — Checking a 240V range receptacle

1.
2.

3

© N

Leave the VOM set to measure 250V and the range selector set at AC

Place one VOM test lead into each of the outside slotted openings in the recepta-
cle (Figure 2)

FIGURE 2 #6AWG  #BAWG  #6 AWG

|

S

ya i
120 L—((/\ [ {120

@

240

Range

Check your meter and record the reading

Place one VOM lead into the left slotted opening and the other VOM iead Iin the
center slotted opening

Check your meter and record the reading

Place one VOM lead into the right slotted opening and the other VOM iead in the
center slotted opening

Check your meter and record the reading

Compare the reading in Step 7 with the reading from Step 5
Have your Instructor check your findings

Make all voltage checks agalin If your findings vary at all from the values shown
in Figure 2
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. JOB SHEET #1

D.  Routine #3 — Checking a 240V dryer receptacle
1.  Leave the VOM set to measure 250V and the range seiector set at AC

2. Place one VOM lead Into each of the outside slotted openings In the receptacle

(Figure 3)
FIGURE 3
~ All Wires #10 AWG —
Q
S
pkifghdy
N 4
2l
Dryer
240
. 3. Check your meter and record the reading

4. Place one VOM lead into the left siotted opening and the other VOM lead In the
center L-shaped slot

5. Check your meter and and record the reading

6. Place one VOM lead Into the right slotted opening and the other VOM lead into
the center L-shaped slot

7. Check your meter and racord the reading

8. Compare the reading in Step 7 with the reading from Step 5

(] Have your Instructor check your findings

©

Make all voltage checks agaln If your findings vary at all from the values shown
in Figure 3

10.  Discuss with your Instructor the differences In the wire gauges used for each of
the receptacles checked

11.  Ciean up area and return tools and materials to proper storage
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TOOLS, MATERIALS, AND TEST INSTRUMENTS
UNIT VI

JOB SHEET #2 — USE A CLAMP-ON AMMETER TO TEST FOR
HIGH AND LOW AMPERAGES ON A FAN MOTOR AND A LIGHT BULB

A.  TTools and materials

1. Fan motor (or equivalent)
100-watt light bulb
Clamp-on probe

Pencil and paper

g » o N

Safety glasses
B. Routine #1 — Checking high amperage
1. Put on safety glasses and piug motor into power source
2. Determine current-carrying conductor
(NOTE: Check schiematic If you have to.)
3. Clamo ammeter probes over current-carrying conductor

(NOTE: Don't clamp probes over two or three wires, make certain they'ra
clamped over only one conductor,)

4. Set the rotary scale for the highest amperage scale tirst, then move down as nec-
essary to make your reading

5. Determina amp reading from proper scale and recard the reading
D Have your Instructer check your work
C.  Routine #2 — Checking low amperage
i.  Plug 1vu-watt light bulb into power source

(NOTE: Conductor ieac to load should have enough play that it can bu wrapped
around one of the meter clamps.)

2. Clamp ammeter probss over cuirent-camrylng conductor

Set the rotary scals for the highest ampaerage scale first, then move down as nec-
6ssary to make your reading

2R




JOB SHEET #2

4. Unclamp the probe and loop the conductor thrae times around onc of the meter
clamps

5. Determine amp reading from the proper scale and record your reading
6.  Divide reading by the number of loops (three) you made In the conductor
L] Have your Instructor check your work

7. Clean up area and return tools and materlals to proper storage

2R8
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e TOOLS, MATERIALS, AND TEST INSTRUMENTS
UNIT Vi

JOB SHEET #3 — MAKE A CONTINUITY CHECK OF A MAGNETIC
CONTROL ASSEMBLY FROM AN AUTOMATIC WASHER

A.  Tools and materlals
1.  Magnetic control assembly from a Whiripool/Kenmore automatic washer
2. VOM
3. Pencil and paper
4, Safety glasses
B.  Procedure
1. Put on safety glasses and piace the magnetic control assembly on a work bench
2. Set the VOM to the Rx1 scale
. 3. Place the VOM probes on the terminals of the left or right solenoid
4, Note the meter deflection and write your ohservation on a piece of paper
(NOTE: If the deflection is too small to read, write none.)
Set the VOM to the Rx100 scale
Note the meter deflection and write your observation on a piece of paper
Check your finding to see how close it is to 525 ohms

Repeat the procedure for the other solenoid, but start with the Rx 100 scale

® ® N o o

Record your finding
O Have your instructor check your work

10. Ciean up area and return toois and materlais to proper storage
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TOOLS, MATERIALS, AND TEST INSTRUMENTS
UNIT VI

JOB SHEET #4 — SPLICE ELECTRICAL CONDUCTORS TO ACCEPTABLE
SERVICE STANDARDS

A. Toois and materlals
1.  Soldering gun

2.  80/40 rosin-core solder

3.  Wire strippers

4, Utllity knife

5. Needle nose plers

6. Slipoint pliers

7. Dlagonal cutters

8. Supply of single wire and stranded wire conductor
9. Sponge

10. Plastic tape
11.  Safety glasses
B.  Routine #1 — Splicing and soldering simple splices
1.  Select two pleces of single wire conductor
2. Put on safety glasses and strip 2” of Insulation from the end of each conductor

3. Bevel the end of each Insulation cut (Figure 1)

N\

—_
SR -

FIGURE 1




JOB SHEET #4
4. Twist conductors around each other with enough turns to insure a sturdy splice
(Figure 2)
FIGURE 2

5. Place the spliced wires on a work bench

6. Heat the snidering gun tip

7. Clean the tip of the soldering gun with a sponge
8. Apply a small amount of solder to the tip

9. Begin at or 3 end of the splice and apply solder from the top as you move the tip
of the soldering gun slowly along the underside of the splice (Figure 3)

FIGURE 3

—~eT
PARAY
S@ WSS

10. Move the soldering tip slowly enough that the solder meits evenly onto the splice
and runs down so that it flils all crevices where conductors meet

11.  Permii soldered splice tc cool

O  Have your Instructor cneuvk your work
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. JOB SHEET #4

12. Tape complete splice with plastic tape In a spiral wrap that slightly cverlaps to
assure a complete covering (Figure 4;

FIGURE 4

13.  Repeat the procedure as required to make a simple splice on stranded wire (Fig-
ure 5)

FIGURE 5

O] Have your Instructor check your work
C.  Routine #2 — Making pligtall splices
1.  Select two more pleces of single wire conductor
2. Strip and bevel conductors as previously outlined

3. Place conductors side by side and start a twist on the end with your fingers or
pllers, If required

4. Place a screw-on cap of the proper size over the end of the two conductors and
screw It clockwise down until it completely covers the bare condustors (Figure 6)

FIGURE 8
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[

11.

JOB SHEET #4

Have your instructor check your work

Select two more pieces of single wire conductor and strip and bevel as previ-
ouslv outlined

Prepare another pigtail spiice, but this time, twist the wires out from the bevel
around each other to form the pigtail (Figure 7)

FIGURE 7

-

Heat the soldering tip again, ciean it, tin it and solder the pigtail with the same
procedure used to solder the simpie splice

Permit the pigtail to cool
Have your instructor check your work
Tape the pigtali as previously outlined

Repeat the procedure for splicing and soidering a single wire conductor and a
stranded wire conductor into a pigtali :

Have yc ur instructor check your work

Tape the pigtail as previously outiined

Routine #3 — Making tap splices

1.
2,

Select two more pieces of singie wire conductor

Strip about 1 12” from the center of one conductor and bevel the insulation
edges on both sides

Strip one end of the other conductor and bevei as previously outlired

Place the frea cnd of the last conductor prupared at about the center of the first
conductor and wrap the tap onto the bare space in the first conductor (Figure 8)

FIGURE 8
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‘ JOB SHEET #4
5. Heat the soldering tip again, clean it, tin It, and solder thn tap with the same pro-
cedure previously used
8. Permit the splice to cool
(] Have your Instructor check your work
1. Tape the tap splice as praviously outlined
8. Repeat the procedures for splicing and soldering a stranded wire tap (Figure 9)

FIGURE 9

9. Permit the soldered splice to cool
[ Have your Instructor check your work
10. Tape the tap splices as previously outlined

11.  Clean up area and return tools and equipment to proper storage, or continue
practice with spiicing and soldering as directed by your instructor
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@ TOOLS, MATERIALS, AND TEST INSTRUMENTS
UNIT VI

JOB SHEET #5 — USE A VOM FOR A QUICK CAPACITOR CHECK

A.  Tools and materials
1.  Capacitor(s) as selected by Instructor
2. VM
3.  encll and paper
4. Safety glasses
B. Prcoeduie

1. Puton safety glasses and make sure the capacitor has bsen discharged If It has
been recently energlzed

(NOTE: Check with your Instructor for a safe cischarging procedure.)
. 2. Connect VOM leads in any order to the capacitor terminals (Figure 1)
FIGURE 1
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JOB SHEET #5
3. Check the Indicator needie for movemnent about halfway across the scale and
then a drop beck to zero
4. Reverse the YOM leads on the capacitor terminals

a. If switching the meter leads back and forth continues to show a notice-
ab'a deflection and then a fall back to zero, the capacitor is okay

b. If there is more than a half-scale deflection and the needle will not return
to zero, the capacitor is shorted

c. If there is no reading at all, the capacitor is open

5. Record your findings for the first capacitor and repeat the procedure for other
capacitors that your instructor may supply

6. Record all findings
O Have your ingtructor check your ‘work

7. Clean up area and return tools and materials to proper storage
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& TOOLS, MATERIALS, AND TEST INSTRUMENTS
UNIT VI

NAME

TEST

1. Match the terms on the right with thelr correct definitions.

a. A classlflcation system for Identifying wire 1. Short
conductors by dlameter and number

2. Hand tools
——D. A ground tled to the appllance cabinet or
frame 3. NEC
c. A conductor that serves as a return to com- 4. AWG
plete an electrical clrcuit
5. Open
—d Frequently used portable tools that can be
readlly carrled In a tool box 6. Shop tools
e. Large tools, Infrequently used tools, or 7. Chassls ground
expensive tools that would be difficult to
8. Common

. replace

—f Guldelines dedicated to the protection of
life and property in the use of electrical
materlals and thair functions In residential
and commercial applications

_ A disruption In a higher resistance circuit
that diverts current from Its Intended path
into a side current of lower resistance and
often blows a fuse or trips a breaker

h. A circult through which no current flows

2. Identify the following basic hand too!s by placing the correct tools name with the appro-
priate lilustration.
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‘ TEST

3. Itdetr'\tlfy selected shop tools by placing the correct tool name with the appropriate illus-
ration.
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Complete the following list of miscelianeous supr.lies by circling the word(s) that best
completes each statement.

a. Electrical, masking and (friction, scotch) tape

124

(High, Low) temperature lubricant and adhesive ’
Rubber (adhesive, seals)
- Muitipurpose (cleaner, lubricant) such as WD-40

Degreasers and (detergent, etching agent)

Leak-testing liquid and (brush, match)

Lint-free shop (towels, rags)

~ o a o

T @

Emery cioth and (sandpaper, file)
{Shrink, Insulated) tubing

I Assortment of nuts, boits, screws, and (wire, washers)

k. Assortment of wire terminalis, wire nuts, and (splicing, connecting) devices
Match required repair literature with Its uses.

a. -~ Relate service and repair routines to spe- 1. Parts catalog
cific medels of appliances ‘

2. Service manuals
S ) Provide visual g.ldes to electrical circuits
and to component circultry 3. Technica! updates

c. Uses exploded views and numbered refer- 4. Schematics
ences for positive parts Identification

—_— Keep service peopie informed of important
part changes or changes !n service require-
ments
Solve the following problems concerning VOM's and their uses.
a. How do you quickly differentiate between a short and an open by using a VOM?

Answer

b. How do you zero a VOM?

Answer

c. When a VOM will not properly zero, what does it usually mean?

Answer
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7. Select true statements concerning clamp-on ammeters and their uses by placing an
“X" beside each statement that Is true.

T } Clamp-on ammeters are used to measure amperage in a DC current carry-
ing conductor without having to cut into or probe the conductor itself.

—D Clamp-on ammeters can also be used to perform VOM functions with volt-
age and resistance with special test leads that fit into the bottoms of the
meters, and scales for each function.

c. Reading resistance with a clamp-on ammete. requires inserting an in-line
fuse adapter into the hot iead.

—_—d. A special internal fuse system eliminatos the prospect that a clamp-on
ammeter could accidaniaily bo dnstroyed while measuring registance.

- X Small amperages can be measured with a clamp-on ammeter hy looping
the conductor lead around cne jaw of the clamp two, three, or four times
and then dividing the reading by the number of loops.

N Clamp-on ammeters are favored by service people because they are easy
to carry, versatils, and rugged.

8. Complete statements concerning digital multimeters and their uses by inserting the
. word(s) that best completes each statement.

a. Digital multimeters do everything that VOM's can do, but have a
’ readout instead of a scale.

b. Digital multimeters are accurate than VOM's for measuring small
voltages or resistances.

C. Digital multimeters have special selectors for checking transistors in washers,
dryers, and appliances that have controls.

9. Select true statements concerning temperature testers by placing an “X” beside each
statement that is true.

(NOTE: For a statement to be true, ail parts of the statement must be true.)
—B Temperature testers are used to measure:

1) Ambient temperature in ovens and refrigerators

2) Griddle and surface temperature

3) Exhaust vent temperature on gas and electric dryers

—b. Because temperature testers measure In milllvcits converted to a fahren-
heit scale, they are less accurate than hang-in thermometers.
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10.

1.

12,

TEST

C. A temperature tester is remote from the sensing element and Is much

more convenient to use than a hang-in thermometer which requires upen-
ing the oven door to read.

—_. Because of their accuracy, temperature testers are a “must” piece of

equipment for recalibrating oven controls.

Complate statements concerning capacitor analyzers and their uses by circling the
word(s) that best completes each statement.

a.

Capacitor analyzers are used (mostly, si:ictly) for checking capacitors on capaci-
tor start motors on washers.

A capacitor analyzer is a much better test instrument than a VOM for determin-
ing If a capacitor is stiil in working condition because It will show if the capacitor
is (bumed out, shorted or open), or read the capacitor in microfarads.

A good capacitor analyzer should be able to determine power factor tolerance
and general capacitance (tolorance, characteristics).

A good capacitor analyzer should also be able to isolate shorted capacitors and
capacitors with (overheating, Intermittent) problems.

Select true statements concerning wattmeters and their uses by placing an “X” beside
each statement that Is true.

a. Wattmeters are used to measure the amount of energy consumed by a
motor. an appliance, or a component.

R } Meesuring wattaﬂe will help determine if an appliance or component Is

drawing too much current.

c. Conversion factors for determining watt consumption are bulit intc wait-
meters, so they're much easier to use than VOM's or clamp-on ammeters
whose readings must be convertad.

—. Wattmeters can be used to measure wattages on eiectrical appliances in

the range of 130V to 260V.

e. Wattmeters are used fur checking other meters for proper calibration.

Complete statements concerning shunts and their functions in ammeters by Inserting
the word(s) that best compietes each statement.

A shunt is designed to aliow only a . percentage of a total current
tc; pass tttmrough an ammeter so the meter can be used to measure a 'wide range
of currents.

Shunts eliminate the need for heavier which would Increase the
cost and weight of ammeters and decrease sensitivity.

Shunts are bulit inte many ammeters and are so indicated on selector scales that
pern:lt a technician to seiect the shunt most to the measure-
ment.

w
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13. Match electrical measurements witl; ways to make them.

a. Must be measured ACROSS the circuit or 1. Amperage
source being tested

2. Resistance

—b. Must be measured In serles with the circuit
being tested 3. Voltage

G Must be measured from one rolnt to
another In a component or a clrcuit

14,  Complete statements concerning appliance wiring by circling the word(s) that best
completes each statement.

a. Appliance wiring Is selected accordInF to an AWG number to Identify its dlame-
ter and an Insulation type to Identity its (service qualities, relative cost).

c

The AWG number grows (larger, smaller) as the size of the wire Increases.
c. The major (insulation, AWG) types required around major appllances are:

1) RHW - Moisture and heat-resistant rubber for dry and wet locations where
operating temperatures do not exceed 167°F

A 2) THW — Moisture and heat-resistant thermoplastic for dry and wet locations
| where operating temperatures do not exceed 194°F

3) AA — A speclal wire for electric ranges because It has a bralded asbestos
covering and can operate at temperatures up to 392°F ‘

d. When reading wire sizes, ths (first, second) number Is the AWG size and the (first,
second) number Indicates how many conductors are In the wire.

®

The maximum amperage a wire can safely carrus known as ampacity, and low
an} acity wires shouid (be used carefully, never be used) for high ampacity appil-
catlons.

-y
.

Never replace an AWG wire with a (smaller, larger) wire because It could cause a
malfunction and create a fire hazard.

15.  Solve the following problems concerning soldering tools.

a. A pencli soldering Iron Is recommended for use on printed circult boards, but
where else Is a pencil iron a useful tool?

Answer

b. Soldering poses burn hazards, but what Is the greater danger that suidering
poses and what should be done to avold the danger?

Answer
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16.

17.

18.

TEST
Complete statements concerning resin-core solder and its characteristics by clrcling
the word(s) or figure(s) that best completes each statement.

a.  The type of solder used most often around electrical connections is (40/60, 60/40)
resin-core solder.

b. The 40/60 means the solder is an alloy of (80%, 40%) tin and (80%, 40%) lead.

c. The flux required to clean metal and promote fusion is nlaced (inside, outside)
the core of resin-cored solder.

d. Resin-core solder comes in handy (cartone, rolls) that are convenient to store and
carry.

e. Resin-core solder is (noncorrosive, nontoxie) and sultable for almost ali work
around major appliances.

f. When using rasin-core solder, clean surface(s) to be soldered, apply (heat, flux) to
the surfaces, and then run the strand of solder over the heated surface(s).

Arrange in order the procedure for using solid wire solder by placing the correct
sequence number in the appropriate blank.

a. Apply heat to the parts to be soldered, not te the soider Itself.

—_Db. Apply the solder to the heated parts and allow it to melt onto the parts.

C. Clean surface3 to be soldered.

d. Apply soldering flux to both surfaces.

Anengs In order the steps in wire stripping by placing the correct sequence number in
the appropriate blank.

a. Place the wire in the proper slot in the wire stripper and work the stripper
back and forth until a cut is made around the entire insulation.

—_—D. Hold the wire tight with one hand and use the other hand tc gently move
the insulation back and forth until the cut breaks clean and unwanted
insulation ¢an be pulled off.

c. Taper the insulation with a knife to increase the wire's flexibility because
straight cut Insulation creates a force point that can cause a wire to break.
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19.  Identify the following types of splices by placing the correct name of the splice below
the appropriate illustration.
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20. Complete statements concerning guidelines for connectinns at screw terminals by cir-
cling the word(s) that best completes each statement.

a. Wire shouid be attached at a screw tarminai so that the loop lies in the (direction,
opposite direction ) the screw turns.

b. Wire should loop the screw a little less than (one full turn, two full tumns), but
excessive loops are not recommended.

21. Complete statements concerning guidelines for gcod soldered splices by inserting the
word(s) that best complates each statement.

a. Wires to be spliced must be bright and at the point of connec-
tion.

b. Connecting points must be so solder will solidify without wire
movement.

C. Wire should be coated with electric soldering paste, and then soldered so that
solder melts and flows into every of the splice.

d. Entire splice area should ke covered with water-proof

22. Complete statements concerning guidelines for using solderless connectors and termi-
nals by inserting the word(s) that best completes each statement.

a. Solderless connectors shouid be used according t> their
, and a connecter for a lighter gauge should never be used on a
wire of a heavier gauge.

b. Screw-on connectors work well on splices, and they require no
taping because they’re made of insulating materials.

C. Crimp-on terminal lugs should not leave a between the insula-
tion and the lug, and if there is & , a plastic sleeve should be
added to cover the bare wire.

23. Compiete statements concernirg proper care and use of hand tools by inserting the
word(s) that best completes each statement.

a. Screwdrivers
1) Do not hammer or with screwdrivers.
2) Worn Phillips screwdrivers should be , but flat blade

ccrewdrivers can be useful as long as the tip can be reground
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b. Wrenches and piiers
1) D2 not on wrenches or with wrenches.
2) Use adjustabie wrenches so that the large jaw Is the

direction of force.

3) When puliing on an adjustable wrench, be careful not to hit yourself in
the chest or head, and when pushing on an adjustable wrench, hold your
hand on the handie so you won't acci-
dentally scar your knuckles.

4) Do not use pliers in place of a wrench, especially on fit-
tings. °
5) Use pliers with handles when working around electrical

clrcuits and components.
C. Hammers

1)  Never use a hammer with a handle.

' 2) Use ali hammers for their purpose.
d. Punches, chigels, and files

1)  Keep chisel cutting edges

2) eep chisel heads praperly dressed, and never strike a chisel that has a

head.
3) Files become dull if stacked in a drawer, so themn up.
4) Do not hammer or pry with a file because they are and

break easily.
e. Socket sets and nut drivers

1) Donotusea to gain greater ieverage on
the handle of a ratchet because it will strip the ratchet gears.

2) Do not use a on a thin wali socket
because the socket wiil break.

3) Nut drivers shouid be used for nuts,
boits, and screws, but do not use pliers to increase leverage.
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25.
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Compiete a list of guidelines for *1sing other tools and equipment by Inserting the
word(s) chat best compietes each statement.

a.

124

o

a

®

-—fn
-

Cords for drop lights should not be run over by appllance ________ ____ or
placed where objects with metal edges may be pilaced on them.

Handie ievels with care because once they're they'ra usually
Inaccurate.

Do not apply too much pressure on a

key wrench or it miay break
or round out the sacket in the set screw.

Never use equipment without proper instruction or without per-
mission.

Keep . - In a case when they're not in use so they'il
stay clean.

Never point a at another person,
and never use when it might spray dirt or metal

particies at someone nearby.

Select truv statements concerning eye protection by piacing an “X" beside each state-
ment that is true.

a. Wear safety glasses at all times in the shop area.
b. Blow compressed air away from you when using it for cleaning.

C. Wear safety glasses when working with grinding tools.

—d. if you ?et cleanln? solvent on your hands, wash them with soap and water

to avoid the possibliity of accidentally rubbing your eyes.

e. Know the location of the nearest eye fiush station.

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

26.
27.

Identify selected tools. (Assignment Sheet #1)

Demonstrate the abiiity to:

a.
b.

o

Test electrical receptacies for proper voitages. (Job Sheet #1)

Use a clamp-on ammeter to test for high and low amperages on a fan motor and
a light butb. (Job Sheet #2)

Make & continuity check of a magnetic control assembly from an automatic
washer. (Job Sheet #3)

Splice electrical conductors to acceptable service siandards. (Job Sheet #4)
Use a VOM for a quick capacitor check. (Job Sheet #5)
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TOOLS, MATERIALS, AND TEST INSTRUMENT™S
UNIT VI

ANSWERS TO TEST

JOQ ~0 Q00D
N2 WLWAHAHDOON~

2. a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
3. a Dolly
b. Appliance flipper
c. Compressed air supply
4. a. Friction
b. High
c. Adhesive
d. Lubricant
e. Detergent
f. Brush
g. Towels
h. Sandpaper
i. Shrink
J- Washers
k. Connecting
5. a. ?
b. 4
C. 1
d. 3
6. a. A short always shows some reading, and an open shows no reading at all
b. Cross the test leads and zero the ohms control knob
c. The battery is probably bad
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ANSWERS TO TEST

7. b.c def

8. a. Numbered
b. More
C. Solid state

9. apcd

10. a Strictly
b. Shorted or open
c Tolerance
d Intermittent

11. a,b,cd, e

12. a. Small
b. Coils
c. Suitable

13. a. 3
1
2

oo

14, Service qualities
Smaller
Insulation

First, second
Never be used

Smaller

~pooOop

15. When space will not permit use of a larger iron

Eye damage, so always wear safety glasses when soldering

e

16. 40/60
40%, 60%
Inside
Rolls

Noncorrosive

~oooop

17.

aouow
N = s W

18.

=
WK =
<o
~
D
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. ANSWIERS TO TEST
18. a vimple splice
b. Simpie tap
C. Pigtail splice
d. Hook splice
20. a. Direction
b. One full turn
21, a. Clean
b. Tight
C. Crevice
d. Plastic tape
22. a. Color codes
b. Pigtail
c.  Gap, gap

23. a 1)  Pry
2) Discarded, square

b. 1)  Hammer, harmmer
2) Opposite
3) Palm-flat
4) Brass
’ 5 Insulated
- c. 1) Loose
2) Intended

d. 1)  Sharp
2) Mushroomed

3) Hang
4)  Brittle
e. 1)  Cheater bar

2) Cheater bar
3) Hand-tight

24, Dollies

Dropped

Hex

Oxyacetylene

Safety glasses

Compressed air nozzle, coinptessed air

000 OT®

25, a,b,d, e
26.  Evaluated to the satisfaction of the instructor

27.  Performance skills evaluated according to instructions written in the job sheets
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AUTOMATIC WASHERS
UNIT Vil

UNIT OBJECTIVE

After completion of this ur:t, the student should be able to discuss the major components of
an automatic washer in relatlon to thelr functions In a typical cycla. The student shouid also
be able to list probler** common to automatic washers and discuss systematic troubleshoot-
Ing routines. These competencles wiil be evidenced by correctly performing the procedures
outlined in tho Job sheets and by scering 85 percent on the unit test.

SPECIFIC OBJECTIVES

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

—b

Match terms related to automatic washers with thelr correct definitions.
Match major components with their functions In an automatic washer.
Arrange in order the steps in a typical automatic washer cycle.
Complete statements concerning fill functions in a normai cycle.
Complete statements concarning agitation funutions in a normal cycle.

Complete statements concerning pumpout and spin functions in a normal cycle.

> I I S~ T

Select true statements concerning guidelines ior evaluating automatic washer
malfunctions.

®

Arrange In order the steps for validating repairs.

- 9. Complete statements concarning troubleshooting a washer that will not flll with
water.

10. Select true statements concarning troubleshooting a washer for Improper water
level or water temperature.

11.  Select true statements concerning troubleshooting a washer when water wiil not
shut off.

12. Complete statements concerning troubleshooting a washer that leaks water.

‘ 13. Complete statements concerning troubleshooting when water will not drain from
: a washer.
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14.

15.
16.
17.

18.
19.

21.

OBJECTIVE SHEET
Select true statements concerning troubleshooting & washer with a motor that wili
not run.
Complete statements concerning troubleshooting a washer that wil not agitate.
Complete statements concerning troubieshooting a washer that will not spin.

Selec* truo staternents concerning troubleshecoting a washer that will not advance
or shut off.

Select true statements concerning troubleshooting a washer that leaks oll.
Select tn tements concerning troubleshooting a washer that tears clothing.
Match c.iher washer problems with ways to correct them.

Demonstrate the ability to:

a. Install an automatic washer. (Job Sheet #1)

b. Troubleshoot a Whiripool/Kenmore autornatic washer for typical malfunc-
tions. (Job Sheet #2)

c. Troubieshoot a GE/Hotpoint automatic washer for typical malfunctions.
(Job +.eet #3)
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. AUTOMATIC WASHERS
UNIT Vii

SUGGESTED ACT'VITIES

A.  Provide students with objective sheet.

B.  Provide students with information sheet.

C.  Provide students with job sheets.

D. Discuss unit and specific objectives.

E. Discuss information sheet.

F Discuss and demonstrate thc procedures outlined in the job sheets.

G.  Discuss the special tools required for working with Whirlpool/Kenmore washers; and
demonstrate how to properly pull and replace a bearing.

H.  Have available a brake/clutch assembly from a GE washer so students can inspect the
assembly and its components.

‘ l Impress students with the importance of starting repairs by verifying the complaint,
and also discuss the importance of systematic troubleshooting for cost-effective
repairs.

J. Have students save their troubleshooting logs and use them again with the same rou-
tines at a later date to see if their speed has improve..

K.  Give test.
CCNTENTS OF THIS UNIT
A. Objective sheet
B. Information sheet
C. Job sheets
1. Job Sheet #1 — Install an Automatic \Washer

2. Job Sheet #2 — Troubleshoot a Whirlpool/Kenmore Automatic Washer for Typical
' Malfunctions

3. Job Sheet #3 — Troubleshoot a GE/Hotpoint Automatic Washer for Typical Mal-

functions
‘ D. Test
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Answers (0 test

REFERENCES USED IN DEVELOPING THIS UNIT

Tech-Talk “M" Clothes Washers. Dayton, OH 45449: Frigidaire Parts atii Service Com-
pany, 1983,

Repair Manual for Your Whirlpoo! Automatic Washer (Belt Driven). Benton Harbor, Mi
49022: Whirlpool Corporation, 1984,

Repair Master for General Eleciric Autt matic Washers. Garden Grove, CA 92642: Mas-
ter Publications, a Gem Products, Inc. Company, 1985.

Anderson, Edwin P. Home Appliance Servicing. Indianapolis, IN 46268: Howard W. Sams
& Co,, inc., 1979.
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AUTOMATIC WASHERS
UNIT ViI

INFORMATION SHEET

Terms and definitions

A.  Automatic washer — An appliance designed to clean dirty clothes In a
wash, rinse, and spin-dry sequence controlled by a timer

B. Centrifugal — The force that Impels something outward from a rotating
center

C. Cycle — One complete performance of a serles of events that completes a
procedure

D. Glazing — The highly-polished look of hydrocarbon bulld-up resulting from
heat produced by friction betwesn brake shoes and their matal housings

E. Reciprocating — Moving back and forth in an alternating motion

Malor components and thelr functions in an automatic washer

A‘

Timer — An electrc mechanlical device referred to as the “brain” of the auto-
matic washer because it controls all switch operations for ali functions
except start-up

(NOTE: Automatic washers have to be started by the user)

Motor — Drives or turns *1e transmission or power train to provide power
for agitation and spin mutlon

Transmission — Converts motc: power Into directional control of agitate
and spin functions Including reciprocating back and forth motlon for agita-
tion

(NOTE: Early model Frigidaire transmissions also provide puisating or up
and down motion.)

Water pump — Pumps water from the tub and may also recirculate the
;Nater In the tub by pulling it from the bottom of the tub and dumpling it back
n at the top

(NOTE: Single-utage weter pumps only extract water from a tub, and two-
stage or multl-stage water pumps extract water and reclrculate water In a
racirculating compartment that is separate from the pumpout compart-
ment.)

Water pressurVwater level switch — Controls the water level In the tub
(NOTE: A water pressure switc ® is actlvated by air pressure created In a
tube as water in the tub rises, and a water level switch is a:tivated in the

agltator by a float-type device that rises as the water rises much like the
float in the water tank on a stool.)
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VL.

INFORMATION SHEET

Steps In a typlcal automatic washer cycle

mm o o ® »

First fiii

Wash agitation

First pumpout and spin
Second fill

Rinse agitation

Final pumpout and spin

Fill functions In a nonnal cycle

A.
B.

C.

)

Machine usually fllls twice during one cycle

The first fili is a wash fill with hot, warm, or cold water selected manually or
predetermined by timer setting

The second fill is a rinse fill with warm or cold water only (no hot water)
determined by timer setting

Timer is usually sei to automatically direct cold water to the tub during the
rinse flll portion of the cycle

AgRation functions In a normal cycle

A.
B.

Machine usuaily aghiates twice during one cycle

Agitation may be accomplished with reciprocating motion or by rotating a
drum

The first agitation is a wash agitation which may vary from 6 to 18 minutes
and Is usually accompiished with a high-speed mntor setting

The second agitation is a rinse agitation which may vary from 2 to 6 min-
utes and Is usually accomplished with a high-speed motor setting

The wash agitation mixes deteigent with water and creates action to dis-
lodge and separate soil from ciothes

The rinse agltation separates detergent residue and dislodges separated
particles go that they will be removed with pumpout and not sJttle back
onto the clothes

Pumpout and spin functions in a normal cycle

A.
B.

Machine usuaily pumps out and spins twice in one cycle

Pumpout Is initiated by the timer and regulated by either the water level or
water pressure switch
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INFORMATION SHEET

C. In most washers, the water pressure switch will not allow the timer to
advance untll the water has been pumped out to assure that the first spin
will 1ast 2 to 4 minutes

D. Thespin action creates a centrifugal force which literally throws water from
the ciothes

E. The final spin usually lasts at least 4 minutes or ionger and is always a high-
speed motor function

F On some machines, spray rinse is an added feature of the spin function so
that any residue that collects on the clothes during the spin function wiil be
rinsed off and pumped out

(NOTE: Spray action Is usually intermittent, lasts only a few seconds, and
may be repeated up to half a dozen times.)

Guldelines for evaluating automatic washer malfunctions

A. lIdentify the washer brand and model number
(NOTE: Automatic washers from each manufacturer have probiems that are
pecullar to that brand, and recognizing the similarities or problems within a

brand line can save troubleshooting time.)

B. Ask the .ustomer to explain what the machine Is not doing or what the
machine is doing wrong

C.  Take notes as required so you wlil remember what has been said if the cus-
tomer should have to leave

D.  Verify the problem with a physical inspection or run the washer in an
attempt to duplicate the problem if running the washer Is still practical

Steps for valldating repalrs
A.  Run the washer through one full normai cycle
2. Do rot manually advance the timer
C.  Make sure the washer:
1.  Fiiis properly
2. Agitates effectively
3. Pumps out and spins properly

4. Shuts itself off
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IX.

D.
E.

INFORMATION SHEET ‘

Doublecheck for leaks

Cneck the machine for level

“roubleshooting a washer that will not fill with water

A.

I © mom

Check the obvious first:
1. Washer may not be properly turned on
2. Hoses may be kinked
3. Screens in the fill hoses may be clogged
Make sure a proper water supply Is available to the machine
Check for proper voltage at the mixing valve with a VOM
(NOTE: An alternate check is to put the washer on a “flll” setting, turn the
timer on, and feel the valve to see if It vibrates or listan for & humming

noise; if the valve vibrates or makes a humming nolse, this indicates proper
voltage at the mixing valve, but be sure to exercise caution when working

with live circuits.) '

When a mixing valve is energized but stili won't admit water, check for
obstructions In the valve and remove them

Run a continuity check on the fill switch and replace as required
Check the temperature selectlon switch
Make sure it is not a timer problem

Check the lid switch to make sure it Is making proper contact

Troubleshooting a washer for Improper water leve! or water teamperature

A
B
C.
D

m

Check for reversed hot and cold water hoses
Check for the quality of the hot water supply
Check for a faulty water level switch

Check for a faulty thermal element In the mixing valve If it is a thermal type
mixing valve

Check for a fauity temperature selection switch in the control panel or timer

Check for faulty timer .
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G. ' the washer has a spray rinse In the spin portion of the rinse cycie, and
this doesn't work:

1.  Check for no coid water supply or a kinked cold water hose

2. Check for a clogged Inlet screen

3. Check for a defective cold water solenoid In the mixing vaive

4. Check for a.defective timer
(NOTE: The contacts for the spray rinse action are usually separate
from the other contacts in a timer, and aithough the spray rinse
doesn't work, the washer may work well except for that feature.)

Xl. Troubleshooting a washer when water wlll not shut off

A. On time-fill washers, the fallure of water to shut off may Indicate a timer
maifunction

(NOTE: A time-flil machine Is one where water fill volume Is controiied by
setting the timer for the washer to fiil for a given period of time.)

B. Check the water ievel/water pressure switch and replace It If it I8 defective

C.  Check for foreign particies in the mixing vaive, and If that Is suspected, take
th~ vaive apart and remove them

(NOTE: Cleaning a mixing valve can be accomplished In the fieid, but if It
doesn't correct the probiem, the vaive should be replaced.)

D.  On pressure-fliied models check for a break or pinhole In the air chamber or
connecting tubing, and replace either or both as required

(NOTE: If water gets in the air chamber or pressure tube, It wiil have the
same affect as a pinhole, and this sometimes happens when a washer Is
tilted for cleaning or for moving.)

Xil. Troubleshooting a washer that leaks water
A Check for loose or cracked supply hoses ana tighten or replace as required

B. Check for a 1oose drain hosa and tighten or replace the ciamp as required

C. Run the washer through a normal cycie and replace any hose that is broken
or appears to be damaged

D.  Check for worn or damaged supply hose washers
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XV,

G.

INFORMATION SHEET @

Check for leaky gaskets:

b

Around the water pump
2. Where the transmission enters the outer tub
3. Seals between the Inner and outer tub
4.  OQuter tub gasket
Check for cracked housing:
1. Outer tub, especially tubs made of plastic
2.  Water pump housing
3.  Mixing valve housing

Replace any comporient with cracked housing

Troubleshooting when water will not drain from a washer

A.
B.

mm o o

Check for a kinked or clogged drain hose and correct as required

Check for a water pump problem, and readjust the pump and tighten the
pump drive

(NOTE: On models with a drain-before-spin feature, suds lock sometimes
occurs, but this can usually be corrected by dumping cold water Into the
tub to break up the 3uds.)

Check for a loose belt at the water pump and adjust as required

Check for a faulty transfer or solenold vaive and replace as required
Check for a defective weter pump anu replace as required

Check for a fauity timer and replace as required

Troubleshooting a washer with a motor that will not run

A.
8.
C.

Make sure there Is power to the machine
Check for a faulty doorliid switch and replace as required

Check for an overload device or other protective device In the circuit and
replace as required

Check for a faulty timer and replace as required

Check for a faulty motor and replace as required
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Troubleshooting a washer that wili not agitate

A. Check for a motor malfunction and replace as required

B Check timer for bad contacts and correct or replace as required

C. Check for a faulty transmission and repair or replace as required

D Check for broken linkage or other agitation control mechanlsr;n

Examples: The agitate drive roller on a Frigidaire, the agltate sclenold on

the Kenmore, and the eccentric linkage connectlion of the
Speed Queen are potential trouble spots

E. Check for a broken wire in circuitry and splice, tin, and Insulate as required

F Check for stripped splines in the agitator

Troubleshooting a washer that will not spin

A. If the washer will agitate but not spin, the motor is probably okay

Check tirrar for defective contacts and replace as required

Check the door or lid switch and replace as required

Check for a faulty transmission and repair or replace as requ'red

m o O U

Check for broken linkage or other spin control mechanisms

Examples: The spin roller on a Frigidairs, the spin control solenold on a
Kenmore, and the fluid drive unit on a Speed Queen are spin
control mechanisms

F Check for a faulty water level switch and replace as required

G. Check for a broken wire in circuitry and splice, tin, and Insulate as required

Troubleshooting a washer that will not advance or shut off

A. If the timer wlil not advance, check the timer contacts

B.  Check for a defective timer and replace the timer If required or replace the
timer motor if that is the problem

C. Replace a timer motor only with the exact type of motor removed or the
timed cycles will ali be wrouig

D.  Check for a break In the circuitry wiring and splice, tin, and ingulate as
required




XViil.

XiX.

INFORMATION SHEET

Troubleshooting a washer that leaks oll

A.

If oil ieaks on the floor, check for a leak in the gearcase caused by a faulty
gasket, damage to the gearcase housing, or a bad transmission seal

If oil leaks onto clothes in the tub, check for a faulty gearcase or transmis-
sion seal and replace seal or transmission as required

(NOTE: Cn Norge and GE washers, it iIs recommended that the transmis-
sion be replaced, but on Kenmore/Whirlpool washers, both the tub and

ransmission seals can be replaced.) \

Troubleshooting a washer that tears clothing

A.

C.

Caution the user to use bleach wisely
1. Do not use too much bleach
2. Do not add bleach at the wrong time

3. Add bleach to water before loading clothes in the tub, or dilute
bleach with water before putting it in the tub

Check for a broken agitator and replace If required because chips and
cracks in the agitator van tear clothes

Check for a defective inner tub or basket and replace as required

Other washer problems and ways to comrect them

A.

Machine spins slowly -~ Adjust belt to clutch or replace clutch if it is taulty

Water does not recircuiate during agitation — Clean out clogged water
pump

Detective pump drive — Tigt.ien as needed or replace the coupling

Defective distribution vaive — Clean out or replace valve, or replace sole-
noid as required

Timer will not advance to next cycie — Replace timer motor, or replace
entire timer as required

Frozen timer shaft or knob — Check for obstructions and free the shaft or
ruplace the timer as required

Faulty water level switch — Repiace the control
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Washer vibrates sxcessively — Reinforce weak fiocor or move washer, check
for level, caution user not to overioad or create unbaianced loads, or
replace rubber cups on leveling feet

(NOTE: Single iarge, heavy items such as beach towels or denim jeans will
create an unbalanced condition and cause more than normal vibration.)

Tub vibrates excessively — Check for a damaged snubber and replace as
required, or adjust or replace suspension bolts

(NOTE: Vibration may Indicate a faulty transmission or worn bearings.)
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o AUTOMATIC WASHERS
UNIT VI

JOB SHEET #1 — INSTALL AN AUTOMATIC WASHER

A Tools and materlals

1.  Washer as selected by instructor

2. Standard hand tools and tool box
3 'WOM
4, Level
5. Dolly
6. Safety glasses
B.  Procedure

1. Put on safety glasses
Uncrate the washer carefully

Visually Inspect the washer to make sure it Is not damaged

> © DB

Secure washer on a proper dolly if It must be moved any distance to the installa-
tion site

5. Inspect the location where the washer wlll be Installed for:
a. Level, sturdy floor

(NOTE: If the floor Is not level and sturdy, point out to the customer that
the condition could Impalr performance and eventually damage the
washer; If the customer Inslists the floor remaln as it Is, have the customer
sign a release.)

b. Adequate supplles of hot and cold water
c. Adequate dralnage
d. Adequate clearance and ventilation

6. Remove t'as, blocks, tape, and any other retalning devices Installed to protect
the washer during shipment

7. Check Inslde the washer for the owners manual, installation kit, or any other
materials that should be removed and saved




10.

1.

13.

14,

15.

16.

17.

18.

19.

JOB SHEET #1

Set the washer In place
Connect hot and cold water hoses
Install grounding kit

{NOTE: Grounding kit Installation varies f.om washer to washer, but the Instruc-
tions should be with the washer and they should be carefully followed.)

Level the machine sids to slde and front to back

Check the receptacle for proper voltage

Plug the washer power cord into a three-hole grounded receptacle oniy
(CAUTION: Never use an adapter or an extenslon cord that defeats the ground
connection on a washer power receptacle because it will vold the warranty and
damage the washer)

Operate the machine through one normal cycle

(NOTE: Do not manually advance the timer; permit the washer to complete a full
**sle on Its own.)

Explain operating procedures to the customer, and encourage the customsr to
follow recommended procedures for washer care and preventive malntenance

Check the Installation order and make sure you have recorded all serlal numbers
and any other Information required to assure a correct warranty

Clean up the Installatlon area and make sure all crating materlals or blocks and
tles are removed from the customer's home

Remind the customer that your company should be called for any questions
about the washer or Its performance

Compliment the customer on making a wise decislon in washer selection, and
leave the customer on a posltive note

L_J Have your Instructor check your work

20.

Return tools and materials to proper storage
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o AUTOMATIC WASHERS
UNIT VI

JOB SHEET #2 — TROUBLESHOOT A WHIRLPOOLJKENMORE
AUTOMATIC WASHER FOR TYPICAL MALFUNCTIONS

A.  Tools and materials

1. Washer as selected by Instructor
Appropriate service Information
Standard hand tools and tool box
Motor test cord

Drop cord/inspection light

-3 T N~ O

Drop cloth
VOM

Pressure bulb

-~

© @

Special Whirlpool/Kenmore tools
. a. Spanner wrench #12393
b. Agltator drlve block remover tool
10. Repair log
11.  Safety glasses
B. Routine #1 — Troubleshooting the cor .ol panel

1. Slgn on the repair Iog that acco npanies this job sheet and save the log for use in
later job sheets, and be sure to put on safety glasses

2. Place drop cloth down, set the toci box on it, and generally prepare a safe,
uncluttered work area (Figure 1)

FIGURE 1
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JOB SHEET #2

3.  Unplug ine washer

4. Turn off water supply to hoses and disconnect fill hoses with channel-lock pllers
(Figure 2)

FIGURE 2

5. Remove the timer knob by holding the timer dial and turning the knob In a
counter clockwlise direction

6. Remove the timer dial by first removing any retaining screws or lock nuts and lift
slightly to remove the timer dlal (Figure 3)

FIGURE 3

7. Remove the screws that retain the control panel (console)

8. Move the control panel forward far enough to exnnsz aii wigcirical connections
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9.

10

1.

120

13.

14,

MAR-347

JOB SHEET #2

Unplug the electrical connectlon to the control panel (It plugs Into the machine)
and remove the flll hose from the water pressure switch (Figure 4)

FIGURE 4

Place a drop cloth on top of the washer and set the control panel out on top of
the lid for easy access

Disconnect the harness or Individual leads to the timer and be sure to sketch or
make notes of the locatlon of each Individual connector 8o you will know how to
put them back

(NOTE: Fallure to note the locatlons could cause you trouble later, and codes on
schematics are not always rellable; even your knowledge of a particular appli-
ance may not be counted on If you'ra deallng with a part some other techniclan
has previously replaced.)

Remove the Inspection plate from the open-type timer and inspect the condition
of the switch contacts

Remove the timer motor and Inspect the drive gear for frayed or worn spots that
indicate wear

Replace timer motor If wear Is evident
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15.  Test jun the timer motor using a motor test cord:

al

d.

Scratch a mark at a point on the motor body and the gear to provide a ref-
erence point for checking timer motor rotation (Figure 5)

(CAUTION: Be sure to m=ke the mark clear because the motor advances
80 sluwly that it cannot be seen by the naked eye.)

FIGURE 5

Connect motor test cord to timer motor (Robinaire Test Cord #12476). Use
the black and white motor test leads.

Turn the test cord on to the RUN position and aliow it to run for at least ten
minutes (Figure 6)

FIGURE 6

If there is no noticeable timer motor advancement ii a ten minute test per-

lod, the timer motor Is defective and must be replaced .
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16. Replace the old timer motor or install a new timer motor as test Indicates
[:] Have your Instructor check you timer removal

17.  Relnstall entire existing timer If It appears to be In good shape or replace the
timer If it Is obviously defective

(NOTE: Timer problems usually are obvlous, but ask your Instructor for help In
your evaluation of the timer's conditlon.)

O Have your Instructor check your timer Installation

(NOTE: On a normal service call, the control panel would probably be reinstalled
at this polnt, but leave it off for now.)

18. Note on your repalr log the length of time It took for you to accomplish Routine
#1, and add five minutes to that flgure to have a reallstlc assessment of the time
it would have taken to remove, troubleshoot, and replace the timer
C.  Routine #2 - Troubleshooting the water level switch
1. Remove the knob from the water level switch
. 2. Remove the retaining screw(s) that ho!d the switch

3. Disconnect the indlvidual leads to the water level switch and be sure to sketch
‘the locatlon of each individual lead 80 you can get each lead back In the proper
location

4. Inspect the switch visually for any physical damage such as breaks or cracks In
the housing or loose or corroded tarminals

(NOTE: With water level switches In washers where the water level Is selected by
the user, the switch should be worked back and forth between high and low, or
turned left and right, to make sure it Is unobstructed.)

5. Perform a continulty test on the water level switch contacts with the following
procedure:

a. Sketch two pictorlal diagrams of the three water level switch terminals
and label the terminals V, F, ur T to Indicate tiiuy are violet, pink, or tan

Example: 1. \' P T

22 VvV . P T




JOB SHEET #2

Make the continulty test across the three switch terminals from V to T,
fromVto P and from T to P

When the reading between any two terminals Is zero Ohms, connect those
two terminals with a straight line (V. NV P)

When the reading between any two terminals Is Infinite chms, which gen-
erally Indicates an open circult, leave the space between the terminals

blank (T P)

6. Evaluate your first continuity test according to the following:

a

If there Is no line between the tan and violet terminals and there is a line
between the violet and pink terminals, it indicates the switch is in the
empty position and is probably okay

If the lines and open space are reversed, it Indicates tiie switch Is stuck In
the full position and shouid be replaced

7. Perform another continulty test on the water level switch with the following pro-
cedure:

Attach a pressure bulb to the water level switch at the opening to the dia-
phragm (Figure 7)

FIGURE 7

Apply pressure to the bulb, listen for a clicking sound which indicates the
dlaphragm has moved to shift switch contacts, and at the same time take
a continuity reading between tarminals V and T

With no pressure, continuity between V and T should be infinite

When pressure is applied, continuity between V and T should be zero
ohms
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e. Use your second d.agram to Indicate your final continulty reading

f. If there Is an Infinite reading between V and T with no pressure And a zero
Ohms reading between V and T when pressure |s applied, the switch Is
shifting from the empty to the full position properly and should be a good
switch

8. Evaluate your continulty test and replace water level switch If required or put the
old switch back In place

9. Replace the entire control panel
10.  Note on your repalr log the length of time It took to accomplish Routine #2
O Have your Instructor check your work

11.  Clean up area and return tools and materlals to proper storage or proceed tc next
routine as directed by your Instructor

D.  Routine #3 — Troubleshooting the mixing valve
1. Sign on your troubleshooting log
. 2. Ralse the lid and secure it, and then locate the mixing valve

(NOTE: Refur t~ manufacturer's techinical manual or ask your Instructor if you
have any questions about this procedure.)

3. Make a plctorial sketch of all conductors that lead to the mixing valve solenolds
and note their Ideni'fying markings (Figure 8)

(NOTE: This Is to avold the prospects that the cold water conductors won't be
hooked up to the hot water solenold, or vice versa, when the mixing valve Is reln-

stalled.)
FIGURE 8
w
c
Y-R
BR-R
H
o "
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Remove the mixing valve

Remove the solenolds from the mixing vaive and make a continulty check with
the following procedure:

a. Check the cold water solenold for continuity across the terminals and
record the reading

b. Check the hot water soienoid for continuity across the terminals and
record the reading

c. I 1t Is & three-solenold vaive, check the warm water solenold for continuity
across the terminals and record the reading

(NOTE: The continuity reading should indicate a resistance reading of
around 500-2000 ohms on the ohmmeter scale.)

Conduct an electrical test on t.ie solenolds with the following procedure:
a. You will need the Robinaire 1248 motor test cord and a paper ciip

b. Connect the motor test cord to the cold water solenoid (use the black and
white leads on the test cord) .

c. Turn the test cord to RUN and listen for a humming sound in the solenold

d. Place the paper clip near the solenoid opening and note whether or not the
solenold pulls the paper clip Inside the solenold (Figure 9)

FIGURE 9

e. If the solenold attracts the paper clip, it Is probably good, and If there Is no
magnetic attraction present, the colenoid is probably defective ‘
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Repeat the electrical test for the hot water solenoid and for the warm water sole-
nold, if there Is one

D Have Yyour instructor check your work

10.

11.

O

12.

Dismantie the mixing valve

Inspect the mixing valve dlaphragm and other mixing vaive parts and look for for-
eign particles and wear

a. If foreign particles are present, remove them
b. If valve parts evidence extensive wear, replace the mixing valve

Replace the mixing valve If the valve itself Is worn or If any of the solenolds are
defective because It Is more cost-effective to replace than to repalr

Put the valve back tcgether and reinstall It or install a new mixing valve
Have your Instructor check your work

Note on your repalr log the length of time It took for you to accomplish Routine
#3

Routine #4 ~- Troubleshooting the water pump

1.

2.

Sign on your troubleshooting log
Assemble speclal tools required for the routine:

a. An appllance flipper to get the washer over on Its side or front as needed
(Figure 10)

FIGURE 10
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Insert the flipper under the front of the machine and turn the machine over on Its
front so that the underside of the washer Is readlly accessible
Place drop cloth de'wn and arrange tool box to one side

Use hose-clamp pllers to remove the hoses from the water pump and note their
locatlons so you'll get them back In the right place

Loosen motor mounting bolts enough to provide enough slack In the drive beit
that the belt can be removed

Remove the two water pump retainjng bolts
Slip the pump away from the bolt and out of the washer

Ciean the pum)) as required and then Inspect it for abstructions, and make sure it
turns freely

Dismantle the pump and clean the Impeller If 't is a two-plece pump connected
with retaining clips or screws (Figure 11)

FIGURE 11

Put pump back together




T T T T R rE e R e e R A T s AR AT R e e e T e e T e e T SRR s e

MAR-355

JOB SHEET #2

12.  Shift the directional lever on the pump to make sure the direction control baffle
Inside the pump moves bau.: and forth {(Figure 12)

FIGURE 12

13.  Reinstall the old pump if it's okay, or install a replacement pump if required
J Have your Instructor check vour work

14.  Note on your repair iog the length of time it took for you to accomplish Routine
#4

F. Routine #5 — Troubleshooting the motor
1. Sign on your troubleshooting log

2. Disconnect all eiectrical conducters to the motor and note where they go and
thelr identifying colors and markings

a. Single-speed motors should have two conduc.rs, one blue and one white

b. Two-speed motors should have three ccnductors, one blue, one orange,
and one white

c. Three-speed motors should have four conductors, one blue, one orange,
one gray/pink, and one white

3. Remove the two motor retalning bolts

4. Remove the motor and place it on the drop cloth
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5. Conduct a continuity test on the motor with the following procedure:

a Sketch two pictorial diagrams of the motor switch terminals and thelr
identifying markings (™ aure 13)

FIGURE 13

b. Make a continuity check on the motor control terminals

c. Write meter readings on the first diagram, and this wiil probably Le a read- .
ing of less than two ohms '

(NOTE: If the motor Is equipped with a capacitor, discharge the capacitor
with a 2,000 ohm 2-watt reslstor and short capacitot leads together)

d. Record the resistance across the terminals

e. Using a penci! or some other wooden object, depress the centrifugal
mechanism

f. Record the resistance across the terminal with the sentrifugal mechanism
depressed (Figure 14)

FIGURE 14
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Evaluate your continuity check according to the following:
a On a single speed (two terminal) motor, two things should happen:

1) The first resistance reading should be a relatively low reading, approxl-
mately 2 ohms or lass

2) The second reading with the centrifugal mechanism depressed should
Increase slightly to about 2 ohms

b. If the flrst reading was a resistance of 2 ohms or mors, the starting switch
Is defective, and depending on the applicatlon, replace the switch or the
entire motor

(NOTE: On the throw-away motor, the starting switch can be replaced, and
on the conventlonal motor it Is not cost-effective to attempt Internal motor
repailr)

c. If a resistance reading of zero ohms, Infinite continuity, or a high resist-
ance greater than 3 ohms comes up in your continulty check, elther the
starting switch or the m»tor Itself Is defective and should be repalred or
replaced as previously Indicated

(NOTE: For directions on continuity checks for two and three-speed
motors, check the manufacturer's service material.)

Conduct contlnulty check and evaluations for two-speed and three-speed motors
with the same general procedure outlined ior single-speed motors

Test run the motor using a test cord with the following procedure:
a. Connect the test cord to the motor

(NOTE: This procedure Is for a single-speed motor only; check service
manual for two- or three-speed motor procedures.)

b. Use the black and white ieads from the test cord and connect the black

lead to the blue motor terminal and the white lead to the white motor ter-
minal
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C. Turn motor test switch to RUN (Figure 15)
FIGURE 15

d. If the motor starts and runs, it's okay

. if the motor does not start, or starts and runs erratically, the motor Is
defective and should be replaced

(NOYE: A current or amperage check should be made on the motoy, but it
can only be made with the motor under a rea! or simuiated load.)

Reinstall the motor and adjust the drive belt, »ut do not reconnect motor conduc-
tors yet -

Turn the appliance fllpper so that the washer is upright again
Connect the motor test cord to the motor as previously outlined
Connect a clamparound ammeter to the white motor test lead
Set the ammeter on high scale and turn test cord to RUN

Check amperage reading and compare your reading with the amperage speclfled
on the motor Identificatlon plate

(NOTE: The amount of ~urrent actually drawn by the motor under load should
never be equal to or more than the full load amperage listed on the motor identifi-
cation plate because the FLA reflects maximum capabllity and a washer motor
shovid never function to Its maximum potential,)

] Have your Instructor check your amperage reading

15.

Replace the motor If amperage check Indicates It is bad, but otherwise, make
conductor connections and replace the old motor if all checks indicate It Is prob-
woly okay
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16.  Note on your repair log the length of tirme It took for you to accomplish Routine
#5

G.  Routine #8 — Troubleshooting the transmission/spin tube assembly
1. Sign on your troubleshooting iog
2. Raise the top according to directions in the service manual (Figure 16)
(NOTE: On some models this may mean removing the recirculating hose first, but
other models simply ralse up; in all cases, it's a good idea to tape the lid down
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