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ELECTRIC MOTOR REPAIR

DESCRIPTION:

This course deals with various kinds and types of electric motcrs. It
will help you to understand theory and enable you to apply theory to
motor repair.

RATIONALE:

The Electric Motor Repair Course will provide you with practical informa-
tion for winding, repairing, and troubioshool ing AC and DU motors, and
controllers.

OBJECTIVES:

Given service information, tools, supplies and equipment, student will
service, diagnose difficulties, dissassemble, order, repair, and replace
components for selected AC/D7” motors and generators. Successful achieve~
ment will be indicated by:

1. Motors < mction according to manufacturer’s standards.
2. Following procedures given on performance checklist.
3. 80% accu :cy on multiple choice objoctives tests.
PREREQUISITES::

rFoundatior tducation Skills

RESOURCES :

A course resource list is attached.

GENERAL INSTRUCTIONS:

This courses has eight units. Each unit has a Unit Learning Experience
Guide (LEG) that gives directions for unit completion. Each unit consists
of Learning Activitiy Packagcs (LAPs) that provide specific information
for completion of a learning activity. TPretesting results direct the
student to units and performance activities.

Principal Author{s}: T. Siller
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vage 2 73.01.00.00.A2-1

The general procedure for this course is as follows:

(1) Read the assigned unit LEG for this course.
(2) Begin and complete the first assigned LAP.
a. Take and score the LAP test.
b. Turn in the LAP test answer sheet.

c. Determine the reason for any missed items
on the LAP test.
d. Proceed to the nexi assigned LAP in the unit.

e. Complete all required LAps for tha unit by
.ollowing steps (a) “ yough (dy.

(3) Take the unit tests as described in the Unit LEG
wgvaluation Procedures”.

(4) Proceed to the next assigned unit in this course.

(5) Follow steps 1 through 4 for all required units for
this course.

(6) Proceed to the next assigned course.

You will work independently unless directed to do otherwise. When
guestions or proklems arise, you are expected to discuss them with the
instructor. At all times remember tc follow correct safecy procedures
during the performance activity.

UNIT TITLES:

.01 Electric Motor Fundamentals

.02 Rewinding

.03 Split-phase Induction Motors

.04 Capacitor Motors

.05 Repulsion Motors

.06 Polyphase Motors

.07 Direct Current Motors and Generators
.08 Universal and Shaded Pole Motors

EVALUATION:

FOLLOV ~ vHROUGH :

After completing this course guide, you may begin with the first unit
guide. If you have any questions, consult with your instructor,

“<)
1
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COURSE TEST: ELECTRIC MOTOR REPAIR

78.01.01.01

1. The ability of a material to permit the setting up of magnetic lines of
force is called:

reluctance
permeance
acceptance
reliability

o0 oo

2. The flux lines that represent magnetic force:

follow straight lines

occur only at the magnetics

are uniformly distributed in the area

are concentrated at the ends, or poles, of the magnet

Qo o

w

If the N pole of one magnet and the S pole of another magnet are brought
close together:

the lines of magnetic force will cross each other
they will repel each other

they will demagnetize each other

they will attact each other

Qo oo

4. The magnetic field that forms around a current-carrying conductor is:

a series of closed circies running
a series >f concentric circles, or rings, around the conductor
2 pattern of lines radiating out from the conductor

parallel to the conductor

a o oo

5. To determine the direction of the magnetic ficid around a current-carrying
conductor by means of the left-hand rule, you must know:

the direction of current flow in the concductor
the direction of the lines of force

the magnitude of the current

the number of turns per inch

a o o
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78.01.01.02

6. According to Faraday's law, the voltage generated by the relative motion
of a conductor and a magnetic field is:

a. indirectly proportional to the cress sectional area of the field
b. directly proportional to the cross sectional area of the field
c. directly proport.onal to the rate at which the conductor cuts the

lines of magnetic forc2
d. always in the same direction, negative to positive

7. When a circuit in which current has been flowing reaches a steady state
and the switch is then opened, the magnetic field around the conductor
starts to colliapse and:

a. all current flow immediately ceases

b. the voltage induced by the collapsing field tends to keep the circuit
current flowing

c. a resistance is set up by the induced voltage

d. mutual inductance increases

8. Which of the following are physical factors that affect inductance?

flux density

the applied voltage

the amount of current flow
the length of the core

o0 oo

9. The amount of inductance in a coil is:

the resistance in a coil

directly proportional to change in current
always in reference to polarity

the number of turns in a coil

[@ W oI o <
« e s e

10. The strength af induced voltage depends upon:

fields relative motion

the battery appliaed to the generator

inverse mutual inductance ratio

the number of magnetic lines of force cut by the coil and the speed
at which the conductor moves through the field

o.0 T
s &« =

N
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78.01.01.03
11. Total current used by the motor is determined by:

a. the power redur. :ion ratio

b. the field and armature currents
c. the constant speed of the niotcr
d. the percent of speed regulaticn

12. I7 the starting winding were burned out in a split-phase motor, when the
power is turnad on it would:

a. short circuit the winding
b. not start

c. burn out the run winding
d. reverse the rotation

13. If the load is removed from a series motor:

it will decrease its speed

it will run normally

it will increase its speed

it will destroy itself by centrifugal force

a0 oo

Fig. 1

14. Identify the schematic in Fig. 1.

a. dyna motor

b. parallel motor
c. Series motor
d. syncro motor

15. Identify the schematic in Fig. 2. — ! R —

}
syncro motor o
compound motor Fig. 2 L
parallel motor ) (M)
dyna motor

o0 oo
. . . .
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78.01.01.04

16. On the illustration of the universal motor, what rumber would identify
the field coils:

3
2
1

a.
b.
c.
d.

17. On the illustration of the universal motor, which number would identify
the commutator?

a 2
b. 1
c. 4
d. 3

4

UNIVERSAL MOTOR
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78.01.01.04 (continued)

18.

On the illustration of the repulsion type motor, which number would
identify the commutator?

a0 oo
— W N

On the illustration of the repulsion type motov, which number would
identify the stator and winding? .

o0 O
N -

REPULSION-TYPE MOTOR
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76.01.01.04 (continued)

20. On the illustration of the pclvphase motor, which number would identify
the stitor?

Qo oo
B =N

POLYPHASE MUTORS

oﬁt”a’
’:""‘\7}’::
oy e
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78.01.01.05

21. What are the two ciasses cf induction motors?

squirrel cage and wound votor
split phase and capacitor start
wound rotor ard cyncroncus
squirrel cajge and shaped polw

an oo

22. What rotates in a shaded-pole motor?

a. field coil

L. armature

c. squirrel cage
d. shade coil

23. What device is used in a capacitor start motor te comnect the AT voltage
from the start to the cun winding?

a. resistor

b. capacitor

c. centrifugal switch
d. inductor switch

24. A machine that converts mechanical energy to electrical energy is called:

a. an armature
b. a generator
c. a motor

d. a capacitor

25. A machine that converts electvical energy into mechanical energy is called:

a. a generator
b. a motor

C. an atter .GV
d. a caselitor

78.01.02.01

26. Why is the term "end room" important, when taking data on = motor?

a. only because of the run windi.g

b. only because of the staitl h;p.iﬂg

c. because the end plates may sruss egeinst the coils and cause a short
d. because ot insulation pape

bea



Page 8 78.01.00.00.A2-2
78.01.02.01 ‘continued)

27. Identify the info mation necessary in taking data for the rewinding of a
motor.

a. none of the following

b. obta’n information on both the rur and stari windings
c. note specific informati n concerning the old windings
d. obtain as :.wuch data as pozsible

28. What information would you put oia your data sheet if the start winding
on a motor was shorted?

a. don't put anything o "he dita sheet

b. put just the start winding on the information sheet

c. put just the run winding on the data sheet

d. put both the run winding and start winding inTormation

29. Why is taking the proper data,wnen working on a motor, im ortant?
3 i

a. 1t is Jjust something we do in schools

b. it is added paper work to increase the price it costs the consumer
c. so that no difficulty will be encountered upon reassembly

d. it is not needed

30. What is meant by the pitch of a coil on a motor?

a. the number of slots separating the sides of a coil
b. the number of groups of coi
c. the number of degrees they are apart

d. how far the coil protrudes from the siots

78.01.02.02

31. W4hile stripning the stator on a motor, why is it important to count the

curns of wires and number of coils per pole?

a. to check ths manuficturer’s speci’ications

b. to get it on the data card, so when it is rewound, it will have the
same numher of turns per poie

¢c. to guard against a change in polarity

d. because when it is rewound, it should have 5 less -uils per pole than
are unwound

32. If only the start winding on a motor is to be changed, you should:

cut one end of each coil and pull

change both start and run windings

11ft out the steri winding ang vemove the wedges with a hacksaw
. remove the wedg:s and 1ift out the start winding

a0 oo
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78.01.02.02 (continued)

33. How long should the stator on & motcr be on the burning pit?

a. 30 minutes

b. several hours
c. one hour

d. 24 hours

34. While stripping the stator on a motor, should you check wire size?

Yes, you have to detevmine new winding sizes

No, anyone can guess the wire size

Sometimes you should just in case you lose the stator
. Never, it's not that important

o0 o

35. One method of strinping a stator 1s to:

a. cut both sides off
b. cut each coil on cne side and pull the coil out the other

c. pull
d. cut each coil con one side and pull
78.01.02.03

36. When insulating a motor stator, when would you use a paper cutter?

a. to cut insulation only to be cuffed
b. to cut insulation tc prosceyr width
c. to cut the cuff only

d. to cut only the wedges

37. The best procedure to Tollow wher reinsulating a core on a motor is fo:

a. it isn't necessary to reinsuicie the cove

b. replace it with thinnar insu ation than wds originaily used

c. replace 1" with thicker insulation than was originally used

d. re~lnea it witho che T Lvna ana thickness of insutation as used in
the original wind.ng

38. Class A dinsulatior i vsed when rceinding @ mevor and s made of:
a. ragstock paper
b. heavy papav
c. dacron-nylar
d. mylar
39. What type or iasuiioron 5 USeld WRED reinsulating a core on a motor

because it 15 resisiean o high temperature and has high tensile strength?

ragstoch paber
mylar combinatics
nylon papey

. dacron-mylar

on oo

&()
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78.01.02.03 (continued)

40. When reinsulating a core on a motor, the cuff should be turned back:
a. 1/4 inch
b. 5/8 inch
c. 1/2 inch
d. 1/8 inch

78.01.02.04

41. What two ways are usualiy used 1o measuve vire for a motor?
a. micrometer
b. American scraw gsuge and depth gauge
c. American wire gauge and feeler gauge
d. micrometer and wire gauge

42 Which of th> following ways of winding wili produce the tightest winding
possible?
a. skein
b. form winding
c. motor winding
d. hand winding

43. Before winding a motor, which of the 7oiiewing should be completed first?
a. remove end bells
b. collect necessary data
c. remove stator
d. insulate slots

44. 1In a skein winding. which of the 7oliowing is of prime importance, when
wind® - ire stator of o onfor?
a. radius must be axact
b. circumference m.ct be exact
c. shape $round) mis . be exact
d. shape {rectanguiar) must =2 exact

45. Which of the foliowing Types o7 wiautigs crouid ot be oused, if the wire
size is over 21 AW.L.7
a. hand
b. firm
c. skein
d. muchine

b
1N
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78.21.02.05

46. In a motor, all the coils are wound with the same size:

start winding
magnetic wire
set of coils
leads

oo oo

47. Series field coils consist of which of the foilowing in & DC motor?

a. 1light wire with many turns
b. heavy wire with many tuvrns
c. heavy wire with a few turas
d. T1ight wire with a few turns

48. Shunt fields in a DC mctoy consist of which of the following?

a. heavy wire with a tew turns
b. light wire with many turns
c. light wire with many turns
d. heavy wire with many turns

49. Interpole fields in a DC motor consist of which of the following?

a. heavy wire with a few turns
b. heavy wire with many turns
¢. light wire with 2 Tew turns
d. Tlight wire with many turns

5G. #ost generally, ths poies in ¢ DC motor are connected:

a. 1in a series

b. in a parallel

c. in a series caraliel

g, ezltern2illy saries than paraiie!

-

72.01.02.06

51. Before dipping, the stator from 2 moter Shout’ Le placed in a bhaking

oven for:

a. 10 minutes
b. 45 minutes
¢. 60 minutes
d. 30 minutes

52. At what approximeie temperatu-c should the stulor on 4 motor be preheated?

200 degrees
112 degrees
250 degrees
250 degrees

an oo
oo

bt
-1
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78.01.02.06 (continued)

53. When varnishing a motor, the entire process of dipping or trickling the
varnish should take no Jonger than:

5 to 10 minutes
20-30 minutes
15-20 minutes
10-15 minutes

a0 oo

54. When varnishing a motor, & type of varnish that does not recuire baking is:

a. orange vernish
b. resin varaish
c. air drying varnish
d. polyester varnish
55. When do ycu varnish the now windings in a stator of a motor?

a. after installing the windings in the stator and before installing
flexible leads

b. after installing the windings, compieting a test and installing
flexible leads

c. after installing the windings in the stator

d. before installing the windings in the stator

78.01.03.01

56. When repairing an electric motor, is it necessary to know the number of
hours worked to fill out a work order?

a. Yes, for billing purposes

b. Yes, for complete records

c. Mo, only if trying to do it faster then someone eise
d. No, this information isn't necessary

57. QOn a wra srder sheso 2~ repairing an electric motor, the job description

is:

a. a description of location

b. a description of the customer
c¢. a description of the trouble
d. a description of parts used

58. Why is the date received on a work order for repaivring an electric motor
important?

it makes no difference

it identifies the vldest routine order to work on
only if it's routinz is 1T impcrtant

always leave blank

oo oo

gl
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78.01.03.01 (continued)

59.

60.

What does the granc total column on a work order for repairing an electric
motor inciude?

a. cost of material used only

b. dollars per hour of labor only

c. total cost of al}l materiatl and labor
d. total cost of labor only

When would you put something in the "MNeaded Ly" block of a work order
when repairing a motor?

a. always fill it in

b. always 1=ave blank

c. only if it's needed immediately
d. only if it is routine

78.01.03.02

61.

62.

63.

64.

On a split phase induction motor, the start winding is Tocated between:

a. 4-5
b, 1-2
c. 1-4
d. 3-4

“1h
what is the other name used to refer to the start winding on a split phase
induction motor?

a. run winding

b. main winding

c. auxiliary winding

d. squirrel rage winding

When « - .vpg ¢ spliv plo.» induction motor, the current flowing through

both the running and sfarting vindings:

a. causes a centrifugal force

b, causes a rotor to turan

c. closes cantrifugal switch

d. causes a magnetic Tield

The -un winding on a split pnase induction motor is Tocated between:

(1ee diagram for quzstiosn 61)

oo oo
_ )
i
(AR &4 Qe

B
~d
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78.01.03.02 (continued)

65. In the run winding of a split phase induction motor, how many poles are
there?
a. 3
b. 2
c. 1
d. 4
78.01.03.03
66. Where is the squirrel~cage winding fourd on a split phase induction motor?
a. inside the rotor
b. inside the stator
c. inside the rear end plate
d. inside the front end plate
67. The stator on a split phase induction motor is labeled by what number?
a. 8
b. 7
c. 2 (see diagram 1 on next page)
d. 3
68. On a split phase induction motcr, of the two windings inside the stator,
which is the run winding?
a. the smallest diameter wire
b. heavy copper bars
c. the thin flat bars on the rear endplate
d. the largest diameter wire
69. Which end of a split phase induction motor has the two punch marks on the
stator housina and end plates?
a. the rear endplats
b. the shaft end
c. on the shaft
d. both ends
70. On a split phase inducticn motor which end plate shouid be taken off first?

a. bottom plate

b. rear end piate
c. shaft end plate
d. front end piate

v~

b

R Y4
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Diagram 1 for question
67 of course test
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78.01.03.04

1.

72.

73.

74.

If the start winding of a split phase induction motor remains in the circuit,
the:

contact points are burnt
centrifugal switch is not closing
centrifugal switch is not opening
start winding is shorted

a 0O oo

To determine whether a winding on a split phase induction motor is
grounded, while using a test lamp you would:

connect one test lead to centrifugal switch and one to power lead
connect test lead in series with the run or start windings
connect one test lead to the rator and one to the power line
connect one test lead to power lead and other lead to core

a O U
e e * s

If a split phase induction mctor smells and feels hot, tiie probable cause
is: :

a bad connecticn

a shorted winding

the centrifugal switch is not closing
an openiny in the winding

oo oo

In which schematic below is the split phase induction motor in the

starting position?
_ 4
-
__§ I

| __I_-g_
__T:_‘,—»_% R SR

1.1 the schematic below, the split phase induction motor:

o~

oo oo

a. has reached 757 of nornai speed
b. 1is in starting position
c. will not run
d. has reached 25% of normal speed
to line . _
)
A o
to line. 3

N

oY
.

o
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78.01.03.05

76.

How would You check for an over loaded motor?

a use a watt meter
b. use an ohmmeter
c. Tlook for excessive heat or use an ammeter
d. look for cold or use 2 voltmeter
77. What might be the cause if the split phase induction motor won't start?
a. loose end-bell
b. Jloose bearing
c. bad run winding
d. bad start winding
78. If a split phase induction motor draws more current than 1ts rated load,
it will:
a. open
b. short
c. ground
4. produce excessive heat
79. If a split phase induction motor runs slower than normal speed, it may
be because of a :
a. short squirrel cage winding
b. bad centrifugal switch
c. bad start winding
d. short in the run winding
80. If a split phase induction motor runs at a reduced speed, it may indicate:
a. an open in the start winding
b. an open in the centrifugal switch
c. lrncz rator bars
d. an open run winding
78.01.04.01
81. On a two valve capacitor motor, what purpose does che cenwritugal switch

serve?

to substitute a lower capacity

takes the capacitor and runm winding out of circuit

takes the capacitor and start winding out of circuit
takes the start winding and capacitor out of the circuit

a0 oo
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78.01.04.01 (continued)

82. What is taken off the 1in2 after a motor reaches approximately 75% full

speed?

a. start winding and capacitor

b. capacitcr and centrifugal switch
c. start winding and rotor

d. run winding and centrifugal switch

83. How are the two vaives of capacitance hcused?

two capacitors are in series
by using a transfcrmer

two capacitors are in parailel
dual capacitors are in one can

oo ow

84. What is connected to the line after the motor reaches approximately 75%
full speed?

a. run winding
b. capacitor
c. centrifugal switch
d. start winding
85. What happens to the capacitor when approximately tisice normal voltage is
applied?
a. capacity increases as the square of the voltage
b. capacity decreases by 1/2 the voltage
c. capacity remains the same, the voltage is doubled
d. capacity decreases as voltage increases 4 times

78.01.04.02

86. waere is tne centrifugal switch located in a capacitor start motor?

inside the stator

on the rear end plate
on the top of stator
on the front end plate

aon oo

87. Hormally, where is the capacitor located on a capacitor start motor?

inside the rear end plate
inside the stator

on top of the stator

in the rotor

oo oo

88. What is the only differance botwcen a capacitor start motoy and a split
phase motor?

. . - L 7)
centrifugal switch ~ A

a. run winding
b. none

Qo c. capacitor
d.




Page 18 78.01.00.300.A2-2

78.01.04.02 (continued)

89. How is a capacitor raeted?

a. by amps
b. by farads
c. by OHMS
d. by WYDC

90. In a capacitor stars notor the cepacitor is in pavallel with:

run winding
bearings

start winding
centrifugal switch

o0 T

78.01.04.03

Si. If a capacitor stari motor ha: < 7 iculty storting with o load applied,
the trouble may be:

open windings
defactive capacitor
over load

bad centrifugal switch

a0 oy

92. The capacitance of a motor starting capacitor shouTd be within what % of
the rated capacity?

a. 10%
b. 30%
c. 20%
d. 40%

g3. On a canacitor start capacitor run motor, what type of capacitor 1s used?

nii  ~uacikbor

two valve paper cavacicur
two valve oil capacitor
paper capacitor

a0 T

94 . hat will the ohnmeter show if the capacitor is chortad?

» jead on 1 ferminal = lood ono- terminel ca-iigh - peverse
the chmmeter will give a diffarent reading

the chwmetar will show zero CHAMS

Ehe olimmetos wiit show infinity reading

a0 o w

(0
o
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78.01.04.03 (continued)

95. How is a capacitor checked using an ohmmeter?

the ohmmeter will give a different reading

lead on I terminal - 1224 on = terminal ochmmeteyr cn high
the chmmete: will siow zeva OHMS

the ohmmeter i1l show infinity reading

756.01.04.04

a0 ow

§6. 1In a capacitor ctavt metor, if the varnish is scraped or nicked in one
spot, sheuld it be instailed in ithe stavter?

a. occasionally
b. nevey

c. always

4.

sgmetimes

97. When you apply curvent to a capacitor start motor and the fuse burns out
look for:

a. shorted winding
b. open capacitor
c. too small fuse
d. wrong counections
98. Uhich is the proper schematic for a capacitor stai't motor?
C CS
. s g min e+ e o - - et e e e
a. . - C 5
3. Line < RW ?SH Line ot 3 SH
_J L D _l,____?u__ e
5 C
t | "_'E—“ T ‘ “s . T*--{Q—-’ T
Line ? R ‘} SH Line W SH
.- ELW_ I P ____.4,._.;‘/) ._"l e l_ IR,
) -

99. When a capacitor scovt metor 17 Tivst pub on the work bench, which of the
fFoilowing shouid Lz done?

a. plug it intv 2 voltage source and see what doesn't work properly
b. refer Lo menufecinrers booxlet

c. dismaniie end luok incide

d. use o test lame o chwmetar ond check for oyvounds, shorts, opens

.
* ’v‘:l
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78.01.04.04 (continued)

100. If a capacitor stavt motor without a Joad hums, but does not run, suspect:

. overload

defective capacitor
shorted winding
grounded winding

aono oo

78.01.05.01
107. What are the two types of repulsion start inductior moters?

a. brush-1ifting and brush-riding

b. brush-riding and commutator

c. centrifugal devices and commutator
d. brush-1ifting and centrifugai device

102. The oze advantage of a repulsion induction motor is:

no <cemmutator

no centrifugal switch mechanism used

that it can be called an inductive series motor
no comzensating winding

a O ow

103. What is cne feature common in all types of repulsion motors?

each has a centrifugal switch

each uses a capacitor

each has slip rings

each has a rotor containing a winding connected to a cemmutator

a0 o w

104. ©Cn a repulsion start induction motor using an axial commutator, the

brushes:

a ~emair ¢ Sane

b, it

c. ride

d. can do both ride and liit

105. On a brush-1ifting type of repulsica stert induction metey when does the
brush move away froa the commutator?

a. at approx. 85% of full speec
b. at approx. 50% of full speac
c. at approx. ¢57% of full speed
d. at anpro . hooi Tl oapond

o 4 s
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78.01.05.02

106. What is the purpose of tha spring barrel on a repulsion start induction motor?

it has ro real purpose

it nolds the short circuiting necklace in place
it moves the governor weights

it helps remove the governor springs

o O O
« e« .

107. On repulsion type motors, what is the purposc of the governor weights?

a. it causes the short circuiting necklance to short cut the commutator
b. it controls the speed of the rotor

¢. it pushes the brushes away from the commutator

d. it moves only the push rods

108. What is the purpose of the stator of a repuision type motor?
a. to hold the core
h. to hold the brushes

c. to hold the armature winding
d. to hold the laminated core and field winding

109. What is the purpose of the short circuiting necklace in repulsion type

motors?

a. to hold the push rods in center position
b. to move the governor weights

c. to short cut the commutator windings

d. to hold the spring barrel

110. On & repulsion start induction vun motor, the copper bars that are
pergendicuiar to the shaft are called:

a. -~ “nmtator threads

b, axial commutatoy

c. spring barrel commutaidr

d. radial commutator
78.01.05.03

111. What is used in zesting for grounds -~ ¢ v zion mslor:

a, volt meter

b, internal crouiow

c. DC battery :na compass
d. test lTamp




Page 22 78.07.00.00.42-2

78.01.05.03 (continued)

132. If the renulsion type metor kseps burning out ruses, the troublz2 may be:

. wovrn beayings
open field
shorted armnature
. worn brush holder

[T S T & pi o

113. If the repuision type motor huns but dees not ru.. the trouble may be:

a. loose centrifugal device
b. grounded stator

¢. nhigh MICA

a. overload

114. Open armature coils wil! cause the repgizion type @otor 1o
a Aum but ot yrun
b. become-excessively hot
c. spark internally
d. burn gut Tuses

115. A growler is used to test the:

stator for shorts
armature for shorts
armature for opens
stator for grounds

co0 U

178.01.05.04

116. If a repulsion start induction motor is sat on the soft neutral pesition,
how can this be checked?

.. with a0 ~rhwmeter
b, wiir <« vo'limete,
c. hy moving urushng 2o anibne will net run, ther, to right =iightly
d. with an ammetsy

117. 0Op 3 brush 1ifting resuision motor, if the brushus are shiivead to th
~ignt, the avmature will rotate:

I N5 E L T R

[ L P,
2. COUNLRCC OGN Z X
o, varying the stexd

d, 8N degyoes

Q
ERIC
~
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78.01.05.04 (continued}

118, uhat type of wmaterial crs orusnes made of for vopulsion type motors?

carbon 2r graphiia
carbon 2057
granphito post

copper or Jead

Ly T

119,  (n repulsicn typs wniors, «f the srushes apve moved clochvisa ik
armnture will rotate in 2.

]

a. clockwise divection

L, the motor will sioD

c. the directicn will ne® be changed
d. counterclockwiss direction

120, Whet it commoniy vefzered 1o oas a "piglail o doue o oUw
Lype mocury

the type of connection in armature

the copper wira on one and of the birust
the type of connection in the commutatur
the type of connection in stator

[ral t

a0

78.01.05.01
171. Tho yoioy of a thyee phzse motoy contzing o
a. die-cast core
h. woung core
c. laminated cors
d. solid core

122. The operabticn of practically all poiyphase motavs doptads on

o}

o ing magnenic oo d

by, stationavy magnetic Tileiu
c. stationary sclenutid
d. revolving solenrold
123 Polyohase nicktors ara:
D,
C.
o3

ERIC

Aruitoxt provided by Eic:



78.01.06.01

(continued)

124,

125.

to:

Three phase moteors vary from fractional/horsepover 33ze
a. several
b. several puidr
¢. a Tew HP

d. severail HP

The three main main parts of & three phasc metor are end piates,

a. armature
b. commutatse
c. field ccili
d. vyotoy

15

/5.0 1_})5 ‘3/

126.

O

ERIC

Aruitoxt provided by Eic:

Threa phase motoys

/

have a fairly constant charactevistic of:

a. ‘torgue

b. wvoltage
c. frequency
d. speed

An AC mot

or that is designad for either three Base or WO DLAST
is called ¢

repulsion type motor

nolyphase motor

split phase motor

d. split phase capacitor start motor

A,
b
C.

15

Hhat

rhe prepose of the stator cf & thyee phase acior?
a. > . 7 e oyotor
bh. to hoid the nearinge
¢. to hiouse the Taminated core and windings
d. to enable vhe <haft to turn

the a5 - of tne ernd bells of &

VIOV

s

polypnrsw

& . vongs and o Co
b R o B AU RIS

C wt

d. T v

ator,
cration
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78.01.06.02 (continued)

190 What is the difference internally in two types of pelyphase mowors?

sy

the coils ave the same but the inzernal connections ave difverent

5. the coils and intevnal connections are the same
c. the coiis are wound differzntiy but the connections avc the same
A. both the coils and internal connections are changed

78.01.06.93

V21 I owhat way 1S an iaternal growier used o test o polyshase motsy, parallel-
co,nected. for shoris:

a. narallels disconnected-growler in positicn = bad coils Lecome hot
b nacalleis disconnected - nete vibrations of hackeav blads

C e neiing the vibrations of o hacksaw bl

4. vold the growlor in position-defective coiic 1Y heonws hos

122, in & polyphase motor, if there is a reversed phase, the mnior will:

a. run properly
b, Fail to start
¢. become excessively hot
4. not run properly
133. in a onlyphase delta-connected motor using a tost lamp, how would you

2
determine which phase is openr?

2 disconnect at delta point wnd test each phase separaizty

b. place one icad at delta point and the other on each puasc iead
c. you can not test delta connected motors for opens

d. disconnect the phases and test each phase sznavately

]
(%
]
.
1

“auepses 1. n polyphase motor may occur in:

&. Qvyoups

b, c¢olis

c¢. phases

4. all answers are correct

135 In 2 polyvhase del € connected motor, using a Lest lawp, how would you
(ocra g aeounded onage’
4. discoanect at delta peint and test each phase separately
b, place ane tect Jead at delta point and the cther test lead to power
leads :
c. disconnect phases at leads and test each phase separately
A rwiece spe fost lead o moter frame aud ang test doad o ooon of the power
Teads
ERIC - ol
*
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78.01.06.04

135. This schematic symbol is for what type 27 three phase connection?

a. WYE .
D. star N
C. 919ta11 & ’%5
d. a='te 5 o\
/"‘7 n\
C ——Leyyvygse— B

(O8]
~1

17 you have oaly a rectangular form for a thres phase motor coil, how
can vou make it into a diamond?

#. by pulling at the center of wpposite sides

b, can't be dene

c. only by using a diamond-shaped heed

d. can only make a diamond if using a rounded form

138. How are Wye-connected coils of a three phase motor connected?

a_ the ends of each coil together, the beginning of aach to @ phase
L. beginning of each coil connected together

~. the ends of each phase connected together

d. ‘the peginning of aach phase connected together

139, What type of tape is preferred on a coil in a three phase motor?

a. black electrical tape

n. varnished cambric or fibergiass tape
c. vrubber tape

d. cotton tape

140, “hat type o tape is often used to iape the coils of a thrz2 phase motor?
a. -otten
b. electrical
c. paper

Jd. rubber

147 . Whav is the Jirsy step In disessembling a U C motor?
J

mark the end bells and frame with a pin punch

remove the relaining bolts

19Tt the brushes out of their holders

Gamerow the plgtail connections and remove the brushes

T r O
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78.01.07.01 (continued)

142, On which —art of a [ C moters’ armature do the niushes ride?

an the comhutator

on the armature coils
on the field coii

on the brush nolder

a0 o

143, On all D Cmotors, currant must be conatucted te tha armaturs winding
through the:

a. brushes

b. end bells

c. bearing

d. brush holders

146. In o D C motor, the field coles hold iha:

a. armature

b. field coils

c. rur and start windings
d. run winding

185, In a D C motor. the brushes are held stationary by the:

a commutator
b. brush hoiders
c. brush rigging
d. end plates

78.01.07.02

146. A shunt field and armature connected in series is characteristic oY what
type of motov?

a. vnivoaial
b. series
c. compound
d. shunt

147. Which of the following is characteristic of a D T shunt wotor?

a. variable znood
b, Tlow spzed
c. high speed
d. constant speed

0y

A



Page 28 78.01.00.00.A2-2

78.01.07.02 (continued)

148. Which of the following components a1 ¢ D C shunt motor prevents a rise in

speed?
a. heavy shunt field
b. carbon brushes
¢c. centyifugal switch
d. 1light series field
149. A stabilized shunt motor contains wiich of the Tollowing?

a a rotor

b. & heavy series field
¢. variable field

d. a light series field

150. Which of the following characteriszics does ¢ U C series moptor have?

heavier load, nigher speed
variable speed

Jow starting torque
1ighter load, lower speed

o n oo

78.01.07.03

151. 1In atwo-pole D C series motor the fields are connected in:

a. sevries
b. tandem
c. paraliel
cd. unison

152,  Fo veverse the rotation of a D C series motor, al)l that is necessary 1is
to interchange the leads cn the:
a tooaioni block
b. starter
c. armature
d. brush holders

153. In a D C compound motor, if the current flows through *tho series-field
and shunt-field coils ¢f a pole in the same dirqection, and the shunt field
is ronnected acruss the iine. 1t is Kiown 25 o

long-shunt cumulative motor
Tong-shunt diiferantial motor
short-shunt differential motor
shovt-shunt cumulative metor

oo o e
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78.01.07.03 (continued)

154. In a D C compound mctor, che shunt fields are connected in:

tandem
series
paraliel
d. unison

O O

155. On a four-pole, compound-interpole motor, if the 1eads on the brushholder
are reversed, it will cause:

a. the motor to operate correctiy
h. the intevpoles to overload
c. the brusnas to spark
d. the motor to stop
78.01.07.04

156. 1f a D C motor fails to run when the switch is turned on, the trouble may
be:

a. the wrong voltage applied
b. off-set brushes

c. an open armature circuit
d. a dirty commutator

157. Why does the NEC require that all permanently installed D C moters
be grounded to a pipeline which is connected to the earth?

a. if not properly grounded, the operator may be severely shocked
b. it causes the motor to burn open
c. it has nothing to do with motor operation
d. it adds cost to the overall installation
158. i7 a D C motor runs siowly, the trouble might be:

a. open coils

b. wrong interpole polarity
c. worn bearings

d. grounded coiis

159. How many circuite zve in a shunt motor?

Qa0 o
SW - N
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78.01.07.04 (continued)

160. Ina D C motor, if @ bare wire touches the laminated pole, the motor is
said to be:
a. interpoled
b. open
c. grounded
d. shorted

78.01.07.05

161. When is a generator said to be separately excited?
a. when the field coils are connected to an outside source of electricity
b. at 110 V
c. when the commutator is connectaed to an outside source of electricity
d. when the armature is connected to a battery

162. How many types of self-excited generators are there?
a. 4
b. 1
c. 2
d. 3

163. When a conductor is moved across the lines of force in a magnetic field,
a voltage will be induced in tne:
a. conductor
b. flux
c. magnetic field
d. force

164. A machine ccrverting mechanical energy intc electrical energy is called:
a. scarter
b. motor
c. generator
d. engine

165. A wire moved to cut 1ines of magnetic force will produce:
a. mechanical energy
b. electromotive force
c. heat energy
d. static pressuve

EN e

o b
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78.01.07.06

166.

The direct current generator is constructed similar to the
a. three pnase motor

b. split phase motor

c. D C motor

d. shaded pole motor

167. D C generators are rated in teries of:
a. horsepower
b. volts
c. kilowatts
d. AMPS

168. To discover the current output of & generator, the ammeter should be
connected in:
a. series with the generator
b. series with the load
c. parallel with the Toad
d. parallel with the generator

169. Generator voltage can be variad by using a resistor across the series
field to vary the current through it. This is called a:
a. exciter
b. diverter
c. commutator
d. shunt

170. Direct current from a battery is used to:
a. energize the commutator
b. run the generator
¢ keep the -urrent flowing in the same direction
d. c.cire the field c.ii~ of a generator

78.01.07.07
171. If a generator has too much resistance in the field circuit, the generator

will:

ndt generate

rotate

operate only sligntly
aoperate noymaily

o0 Ow
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78.01.07.07 {continued)

172. 1f a genera%or has too much resistance in its field circuit, the trouble
may be:
a. shorted field coils
b. loose connections
c. bad bearings
d. grounded field coils
173. If a generator does not genarate power, the trouble may be:
a. loss of residual magnetism
b. an overload
c. a differential conneztion
d. too slow a speed
174. What would be the probable cause of a smoking D C generator?
a. the wrong field connection
b. a completely shorted armature
c. a loss of residual magnetism
d. "a bad bearing
175. Why would a wrong field connection rasult in a non-operational generator?
a. the lines of force would be produced opposite of the residual 1ines
b. the armature would short and burn
c. a high resistance force would be created
d. the lines of force would be produced in the direction of ihe flux
78.01.07.08
176. What could prevent sufficient current from flowing in the field coils of
a generator?
a. 1ne= 7 yesidual magnetism
b. wrong Tield connection
“c. faulty field rheostat
d. wrong rotation
177. Why is it important tc replace a D C generator's brushes ith replacements

of the same type and Size?

severe sparking may result if brushes are different
the generator will not operate at all

the bearing wiil frecze up

it is not necessary, any size and type can be used

a0 o @
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78.01.07.08

178. If after repairing a generator the voltage does not build up what is a
possible cause?

resistance in the field circuit
bad bearings

hrushes are the wrong type

the case is shorted out

an oo

179. If after repairing a generator you find only a low voltage will develop
which of the following may be the cause:

bad brushes

shorted armature

bad bearings

field windings connected improperly

oo oo

180. If after repairing a generator you discover that no vo:tage is produced
wvhat has happened to the magnetic lines of flux in the cenerator?

a. they are intersecting the residual lines at 450

b. they are running opposite to the residual lines of flux
c. they are not the cause of the problem

d. they are not being broken

78.01.08.01

181. What are the two major characteristics of a universal motor?

a. high starting torque and variable speed
b. low starting torque and variable speed
c. low starting torgue and lots of power
d. high starting torque and constant speed
182. hy is the u.lversal motor the most popular type in the fractional
hors~row:r size?

a. it is inexpensive

b. it is used on most household appliances
c. it doesn't have field coils

d. it can be used as a generator

183. What is the purpose of the field core’in a universal motor?

it houses the bearings

it supports the outer housing
it holds the armature

it holds the coils

a o oo
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78.01.08.01 {continued)

184. What type of motor is very similar to the D € series motor?

shaded pole
universal
compound
split phase

an ow

185. The type of motor that can be used on either A C or D C voltage is:

a. a shaded-pole moter

b. a spiit-phase motor

c. a universal motor

d. a repulsion motor
78.01.08.02

186. How is the commutator of a universal motor connected to the shaft?

it is glued on
set-screwed on
pressed on
welded on

a o oo

187. Where is the frame located on a universal motor?

end plates
outer housing
coil bracket
field core

Qa0 oo

188. Why are universal motors usually built into the device they drive?

they run at very low speed and cause vibraticn
Fhev onct have any moving parts

they run at dangerousiy “igh speed without load
the bearings don't have to be lubricated

o0 oo

189. Identify #6 on the exploded view of a universal motor (attached).

bell housing
matal clamps
field coils
Taminated core

o0 T o

" AN
oy
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78.01.08.02 (continued)
190. .dentify #5 on the attached figure. {5ee page 34a)

a laminated core
b. armature

(o} commutator

d fan

78.01.08.03

19/. Shorted coils will cause a universal motor tc:

have poor torgue
smoke

run hot

spark t-adly

Q6 oo

192. What piece of test equipment should be used to test for an open field
coil winding in a universal motor?

a a voltmeter
b a wattmeter
c. an ohmmeter
d arr ammeter

193. When using a test lamp on an onen “ald coil of a universal motor, the

light would:

a. stay out

b. glow normally
c. glow dimiy

d. g'~ - hrigitly

194. What would the wrong brush position cause a universal moter to do?

run hot

smoke

sparic badly

have poor torgue

[o N o BN o

195 What is the problem in a universal motor that causes it to rotate CCW?

short in the armature
short in the swilch
open field coil
reversed motor leads

oo oo

P
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78.01.08.04

196. How many start windings are required by a shaded-pole moicr?

a. three
b. four
c. two
d. one
197. If a universal motor has poor torque, tne trouble may be:
a. brushes off neutral
b. shorted armature
¢. overload
d. shorted field
i98. If a universal motor sparks badly, the trouble may be:
a. brushes off neutral
b. overload
c. wrong voltage
d. shorted field pvles

199. How many coils are usually found in a universal motor armature slot?

a two
b. one
c. three
d four

200. When instailing new insulation in a universal motor armature, how far
should the insulation extend above the end of the slots?

a. /4 in.
b. 1/le in.
c. 3/8 in.
d. 1/2 in.
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78.01.08.05

201. Single phase induction moters require an auxiliary winding to provide the
motor starting torque. How is this done in a shaded-pole motor?

one closed turn of heavy, copper wire embedded in one side of each stator pole
there is no need because it has very little torque

a
b
c. many turns of light copper wire in the stator or frame
d. it is wound at same time as the field coils

202. Shaded-pole motors have stators constructed similarly to what other motor?

a. split-phase
b. universal

c. polyphase
d. shunt wound

203. During the part of the sine curve where the current drops near maximum to 0,
current in the shaded coil will again be:

a. lagging
b. opposed
c. dropped
d. induced

204. Where are shaded~pole motors used?

a. timing devices

b. compressor motors
c. large appi..wonces

d PO TS

205. How are shaded-pole motors reversed?

a. reverse the current

b. reverse the brushos

c. reverse field coils

d. one shaded-winding is closed one shaded winding is open
78.01.08.06

206. A shaded-pole motor consists of:

a. two end bells, one stator, one rotor, and one set of brushes
5. two end bells, two stators, and one rotor

c. two end bells, one rotor, one stator, and one fan

d. two end bells, one rotor, and one stator
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78.01.08.06 (continued)

207. ldentify figure number 5 on the attached illustration:

a. rotor
b. end bell
c. bearing
d. stator

208. ldentify item number 2 on the attached illustration.

a. stator
b. winding
c. end bell
d. rotor

209. All shaded-pole motors have rotors of what type?

a. squirrel-cage
b. slotted

c. split-phase
d.

fast starting torque
210. Why can only one end plate be removed on a shaded pole motor?

a. it's part of the frame
b. it's spot welded

c. it has a special bearing
d. it's part of the rotor
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78.01.08.07

2il. If a shaded-pole motor has poor starting torque, the trouble might exist in:
a. the voltage being applied

b. the load

c. the field

d. the armature

212. If a shaded-pole motor is plugged with dirt, one symptom will be:

change in polarity

. change in armature direction
increased rpm

. poor torque

0o ow

213. When using a test lamp on an open-field coil of a shaded-pole motor, the light
would:

stay out

glow brightly
glow normally
glow dimly

00 oW

2i4. How many phases does a shaded pole motor have?

a. 2
b. 1
c. 3
d. 4

215. Windings in a stator in a shaded-pole motor must be connected so what will
deveicr’
a. alike polarity results
b. variable polarity results
. consistant polarity results
d. alternate polarity results

78.01.08.08

216. What method should be used to rewind a shaded-pole motor?

set winding

skein winding
hand winding
form winding

0o nNn oo
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78.01.08.08 (continued)

217. Why should insulating paper be placed on the corners of a shaded-pole motor
or around its core?

to prevent the coil from shorting
to prevent damage to the armature
to prevent the coil from grounding
to prevent a blown fuse

0 n0 oo

218. If after repairing a shaded-pole motor you find that the motor does not run,
what may be the cause?

a. magnetic flux lines are intersecting a 45°
b. loose bearings

c. magnetic flux lines are parallel

d. shorted field windings

219. A shaded-poie motor has which of the fotlowing characteristics?

a. very long life

b. low starting torque

c. high starting torque
d. very high efficiency

220. The stator on most shaded-pole motors is constructed with what type of core?

3. laminated core

b. solid core

c. very soft non-metalic core
d. resistive non-metalic core
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Program. Inc.

Learning Experience Guide

UNIT: ELECTRIC MOTOR FUNDAMENTALS

E } Mountain-Plains Education &

Glasgow AFB. Montana $92

RATIONALE:

! An electric motor is a machine that converts electrical energy to

mechanical energy. Magnetism is used in the motor and generator for
energy conversion. Understanding the characteristics of magnetism and
how they are applied in the motor and generatcr is important for diag-
nosing problems that may occur with generator and motor.

PREREQUISITES:

Appliance Repairman Course.

OBJECTIVE:

i Iidentify and describe basic operational characteristics of simple and
complex types of motors and generators, using schematic d.agrams.

RESOURCES :

Printed Materials

Electric Motor Repair. Second Edition, Rosenburg, Holt, Rinehart &
Winston, 1970.

Electricity. Dvorak, Brodhead-Garrett Company, 1969.

Electricity and Electronics. Garrish, Goodheart-Wilcox Company, Inc.,
1968.

Audio/Visual

Display Boards:

1. Shaded-pole motor.
2. Split-phase motor.
g 3. Universal motor.
Super 8 Films from Hubbard Scientific Company, Northbrook, Illinois,
1971.
4. Electric Generator.
5. Electromagnetic Force.
5. Electromagnetic Generator.

Principal Author(s): T. Ziller
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7. Electromagnetic Polarity.
8. The Electromagnets.

9. Electromotive Force.

10. Inductive Field.

11. Magnetic Fields.

12. Magnetic Fields.

13. Magnetic Poles.

14. Poles Occur in Peirs.

15. Reversing Polarity.

16. The Solenoid.

Eguigment

Learning Unit, Electricity/Electronics, "c" case-Combination, Portable,
Model BG850 A/C, Brodhead-Garrett, 161 Commerce Circle, Sacramento,
california, 95815.
Power supply, variable DC {(0-25 volts).
Equipment, special: chisel, coil stripping

coil shapers

insulation former

winder, armature

winder, coil.

GENERAL INSTRUCTIONS:

This unit consists of 5 Learning Activity Packages (LAPs) . Each LAP
will provide specific information for completion of a learning activity.

The general procedure for this unit is as follows:

(1) Read the first assigned Learning Activity Package (LAP).

(2) Begin and complete the first assigned LAP.

(3) Take and score the LAP test.

(4) Turn in the LAP test answer sheet.

(5) Determine the reason for any missed items on the LAP test.

(6) Proceed to and complete the next assigned LAP in the units.

(7) Complei> all required LAPs for the unit by following steps
> trrough 6.

(8) Take the unit test as described in the Unit LEG "Fvaluation
Procedures'.

(9) Proceed to the next assigned unit.

PERFORMANCE ACTIVITIES:

.01 Electromagnet

.02 The Moving Coil

.03 Electric Motor Operational Theory
.04 Motor Construction

.05 Types of Motors

) T <y
L)
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EVALUATION PROCEDURE:

When pretesting and post testing:

1. The student takes the unit multiple~choice pretest.
2. Successful completion is 4 out of 5 items for each LAP part of
the test.

FOLLOW-THROUGH :

You may now begin the first LAP in this unit. Talk to your instructor
if you need help.

|
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TNYYSSSSS\|  UNIT PRETEST: ELECTRIC MOTOR FUNDAMENTALS

78.01.01.01

{. The ability of a material to permit the setting up of magnetic tines of force is

called:

a. reluctance
b. permeance
c. acceptance
d. reliability

2. The flux lines that represent magnetic force:

a. are concentrated at the ends, or poles, of the magnet
b. occur only at the magnetics
c. are uniformly distributed in the area surrounding the magnet
d. follow straight lines _
3. If the N pole of one magnet and the S pole of another magnet are brought close
together:

a. the lines of magnetic force will cross each other
b. they will repel each other

c. they will attract each other

d. they will demagnetize each other

4. The magnetic field that forms around a current-carrying conductor is:

a series of closed circles running from end to end of the cunductor
are parallel to the conductor

a pattern of lines radiating out from the conductor

a series of concentric circles, or rings, around the conductor

Q0 oy

(9]

To determine the direction of the magnetic field around a current-carrying
conductor by means of the left-hand rule, you must know:

a the direction of the lines of force

b. the direction of current flow in the conductor
C

d

the magnitude of the current
the number of turns per inch

<n
-1
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78.01.01.02

6. According to Faraday's Law, the voltage generated by the relative motion of
a conductor and a magnetic field is:

a indirectly proportional to the cross sectional area of the field
b. directly proportional to the cross sectional area of the field

c. directiy propoirtional to the rate at which the conductor cuts the lines
of magnetic force

d. always in the same direction, negative to positive

7. When a circuit in which current has been flowing reaches a steady state and

the switch is then opened, the magnetic field around the conductor starts to
collapse and:

a. all current flow immediately ceases

b. the voltage induced by the collapsing finld tends to keep the circuit current
flowing

c. a resistance is set up by the induced voltage

d. mutual inductance increases

8. Which of the following are physical factors that affect inductance?

a. flux density

b. the applied voltage

C the amount of current flow
d. the length of the coil

9. The amount of inductance in a coil is:
a. the resistance in a coil
b. directly proportional to change in current
c. ah ays in reference tc polarity
d

the number of turns in a coil

10. The strength of induced voltage depends upon:

a. fields relative moticn

b. the number of magnetic lines of force cut by the coil and the speed at which
the conductor moves through the field

c. inverse mutual inductance ratio

d. the battery applied to the generator
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78.01.01.03
11. Interpoles are used on large DC motors:
a. toreduce the sparking as a result of commutation
b. to increase the current in the armature
c. to increase torque in the motor
d. to reduce the torque in the motor

12. A common method of splitting a single phase current to start a motor is:

by vsing a relay switch
by using a capacitor
by using a resistor

by using an inductor

0N oo

Fig. 3

13. ldentify the schematic in Figure 3.

syncro-motor

series motor
series-parallel motor
variable starting resistance

onow

L, f



Page 3 78.01.01.00.A2-2

78.01.01.03 (continued)

i

o

Fig. 5

14. ldentify the schematic in Figure 5.

split-phase motor
repulsion induction motor
shade pole motor

syncro motor

o0 oo

15. Motor starters are necessary on heavy duty motors:

a. to release high voltage feed back

b. to increase starting torque

c. to increase starting resistance

d. to bypass the capacitor
78.01.01.04

16. On the illustration of the repulsion type motor, which number would identify
the armature?

o0 T w

3
1
2
y

17. On the illustration of the polyphase motor, which number would identify the rotor?

00 0T w

3
|
2
y
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78.01.01.04 (continued)

18. On the illustration of the polyphase motcr, which number would identify the
balance and cooling fins?

o n oo
W R o=

19. On the illustration oi a split phase motor, which number would identify the
rotor?

2
!

3
4

Qo gogoe

20. On the illustration of the DC motor and generator, which number wouid indentify
the field windings?

Qo oo
£ W —

78.01.01.05

21. What percent of the rotor speed in a capacitor start moter causes the switch
to connect from the start to the run windings?

a. 5%
b. 00+
c. 50%
d. 75%

22. A DC motor has a device that reverses the connection to the revolving conductors
in the generator. What is the device called?

a. fields

b. brushes

c. a commutator
d. coils
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78.01.01.05 (continued)
23. What ar= the two principle ciasses of singie phase induction motors?

split~capacitor and capacitor start
split-phase and commutator
capacitor run and capacitor start
repulsion and series

N o o

2L, A resistance start motor is a form of which of the following?

a. capacitor start
b. repulsion
¢. series
d. split-phase
25. A motor that is commonly used in washing machines is calice wrich ol the

iciiowing?

. universa) start motor
. vresistance start motor
capacitor start motor
. repulsion start motor

a0 oo

O
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PEAFORMANCE ACTIVITV: Electromagnet
OBJECTIVE:

Identify and describe the operational characteristics of an electro-
magnet in a motor and generator.

EVALUATION PROCEDURE:

The desicription of the electromagnet includes the claracteristics given
on pages 60 and 61 of Electricity and Electronics.

Successfully complete at least 80% of the items on a multiple-choice
test about this LAP.
RESOURCES :

Text: TElectricity and Electronics, Gerrish, Howard H.; Goodlicart-Wilcox
Co., Inc., South Holland, Illinois, 1968.

Electricitz, pvorak, Neil; Brodhead-Garrett Co., Clevcland, Ohio,
1969.

Film
Loops: Hubbard Scientific Company; Nor thbrook, Illinois, 1971.

7he Ele-ctiumagnets
Eleutromagnuuxg For:e
Electromagnet Polariiy
Inductive Field
Magnetic Ficlds
Magnetic Poles

Poles Occur in Pairs
The Solenoid

Equipment: DC power supply (variable)
Electricity/Electronics, "C" Case-Combination Learning
Unit - Portable, Model BG850A/C, Brodhead-Garrett, 161
commerce Circle, Sacramento, California, 95815.

Principal Author(s): T. Ziller
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PROCEDURE :

1. Read and study carefully the information found in Electricity
and Electronics, Chapter 4, pp. 55-70.

2. View film loops about electromagnet listed in the resources.

3. Complete Experiments 19 and 20 on "Permanent Magnets" and
"Electromagnets® in Dvorak's Electricity, pp. 19-1-1 to 20-1-7.
Complete the attachcd response sheets for the experiments.

4. Answer the attached "Review questions'.

5 Write a short description of an electromagnet, using simple
schematics.

5. Complete the multiple choice test items for this LAP.

7. Check your answers with the test key. If your answers are all

correct, record your time for completing this LAP on your SPR.
If you have missed any questions, try to find out why you missed
the test items. If you have any further problems, check with
your instructor. When you have correctly completed all the test
items, you may record your time on your SPR.

67
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Response Sheet: Experiment 19, Permanent Mggnets

1. Induced Magnetism: What happenz, when you remove and bring the two
nails head to pcint?

iA. What happens?

B. Choose the correct answer.
(1) attract, repel
(2) attract, repel

C. What two things can you do to reverse the direction cf the force
if the magnets attract?

2. Determine magnetic polarity. Did you reason correctly? Explain how
you proceeded.

3. Describe a maom-tic field.

4. MAGNETIC MATERIALS: List each of the material's characteristic under
the following headings:

Magnetic Non-Maanetic




Pag: 4 78.01.01.01.A2-0

A. Which material was most attracted to the magnet?

REVIEW QUESTIONS:

1. In the accompanying figure, a nail has been induced as a weak bar
magnet by contact as shown.

A. What pole is the nail head?
B. What pole is the nai? tip?
C. Why?

2. What is the true polarity of the north-seeking end of a compass needle?

5. wWhat is the general rule for interaction between magnetic poles?

4. What is magnetic induction?

(&2}

Would an electromagnet work on AC? Try it. Why did the magnet
behave as it did?

o]

iy should a permanent nognet aiways be stored with its keeper in place?

69
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Response Sheet: Experiment 20, Ejgctrpmggnets

1. Magnetism from a single wire: Assemble the circuit in Figure 20-1A,
placing the wire on top of the compass and paraliel to it with no
current flowing.

A. Adjust the power supply so that at least 7 amps of current flows.
What direction is the compass deflected?

B. Change the polarity of the power supply and repeat.

Which direction is the compass now pointing?

o

Current and strength of field: Observe and compare the needle direction
to the magnet current.

3. Remove the core from L1. Now repeat the above steps. Observe the needle
action and make a statement about air cores vs. iron cores.

4, Ampere-turns:

A. With only L1 switched in, adjust the power supply to give a current
of 2 Amps. MNote compass deflection. A

B. Switch in .2 and increase supply output until 2 Amps is flowing.
NC* . e compass deficulion in this case.

C. Which coil gave the greatest deflection?

D. Which coil has the greatest number of turns?

5. Attraction and Repulsion of Electromagnets: Reverse the lead connections
on one of the coils and depress Si. What happens?

6. Representing the Magnetic Field: sketch this vesult in the space provided.

70
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REVIEW QUESTIONS:

1. What electrical quantity affects the strength of an electromagnet.

2. What two physical quantities affect the strength of an electromagnet?

3. Define the term ampere-turn.

4. If the current in an electromagnet wire doubled, but the number of
wire turns was decreased by a factor of %, the magnet strength would
a) double b) remains the same c) halve (d) none of these.

5. Explain how coils aiding mean a higher strength magentic field.

6. What effect do you think the iron core has on the magnetic lines of
force?

7. What effect do you believe a carbon core would have on electromagnetic
strength?

71
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LAP TEST: ELECTROMAGNET

78.01.01.01

1. The strength of the magnei.ic field at any point is indicated by the:

o m

o 0

magnitude of the line

flux density

fieid line force

intensity of the cross sectional area

2. The ability of a material to permit the setting up of magnetic lines of force

iz called:

a. reluctance
b. permeance
c. acceptance
d. reliability

3. Magnetic lines of force always form complete loops, running from the north
magnetic pole to the south magnetic pole. Thus:

a
b.
c.
d

the lines are circular with a radius equal to it's length
flux lines run from north to south inside the magnet
there arc no flux lines within the magnetic material
flux lines run from south to north inside the magnet

4. When an iron washer is placed near a magnet:

a. (he magratic iines of foirne pass through the washer
1. the lines of force pass around the washer
c. the lines of force witl repel each other
d. the lines of force will cross eacnh other
5. if the N poie of one magnet and the S pole of another magnc: are brought close
together:
a. the lines of magnetic force will cross each other
Lb. they will repel each other
c. they will demagnetize each other
d. they will attract each other
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78.01.01.01 (continued)

6. According to the magnetic domain theory of magnetism, the individual molecules
in magnetic material:

a. constitute individual magnets, with a north pole and a south pole
b. are always aligned so that their individual magnetic domains are

additive
c. never align therefore some metals are easy to bend
d. intensify when the material is wound in a coil

7. The magnetic fieid that forms around a current-carrying conductor is:

a. a series of closed circles running from end to end of the conductor
b. a series of concentric circles, or rings, around the conductor

c. a pattern of lines radiating out from the conductor
d. are perpendicular to the conductor

8. To determine the direction of the magnetic field around a current-carrying
conductor by means of the left-hand rule, you must know:

a the direction of current flow in the conductor
b. the direction of the lines of force

c. the magnitude of the current

d. the number of turns per inch

9. The magnetic field that forms around a straight conductor wirc has no:

a. flux density
b. force

c. direction

d. polarity

10. When a straight conducter is furmad into a loop:

W

only the north pote is created

the flux lines acquire direction

c. the magnetic field around the conductor becomes slign:iiy stronger
because the flux density is increased

d. the magnetic lines of force spiral toward the center

(o2
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PERFORMANCE ACTIVITY: The Moving Coil

OBJECTIVE:

Identify and describe the operational characteristics of a moving coil in
a generator using simple schematic diagrams.

EVALUATION PROCEDURE:

The description of a moving coil in a generator includes the characteristics
found in Electricity and Electronics.

Successfully complete at lecast 80% of the items on a multiple-cholce test
about this LAP.

RESOURCES :

Text: Electricity and Electronics, Gerrish, Howard H., Goodheart~Wilcox,
Co., Inc., South Holland, Illinois, 1968.

Film
Loops: Hubbard Scientific Company, Northbrook, Illinois, 1971.

Electric Generator.
Electromagnetic Generator.
Electromotive Force.

The Moving (oil.

keversing lolarity.

PROCEDURE :

1. Read and study carefully the information found in Blectr.city and
Electronics, Chapter 5, pp. 71-86.

View film loops about moving coils listed in the resources.

Write a short description of a generator, using simple schematics.
Complete the multiple~-choice test items for this LAP.

Check your answers with the test key. If your answers arc all
correct, record your time for completing this LAP on your SPR. If
you have missed any questions, try to find out why you missecd the
test Ltoems. I[f you have any further problems, check with your
instructor. When you have corrcctly completed all the test items,
you may record your time on your SFR.

Principal Author{s): T. Ziller
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NN “SS|  LAP TEST: THE MOVING COIL

78.01.01.02

1. In a circuit in which current has reached a steady flow and the magnetic field
is steady, there is no voltage. Which requirement for inducing a voitage is
lacking?
a. a relative motion
h. a conductor
c. a magnetic field
d. acircuit

2 When a circuit in which current has been flowing reaches a steady state and
the switch is then cpened, the magnetic field around the conductor starts to
collapse and:

a. all current flow immediately ceases

b. the voltage induced by the collapsing field tends to keep the circuit current
flowing

c. a resistance is set up by the induced voltage

d. mutual inductance increases

3. Which of the following are physical factors that affect inductance?

a. flux density

b. the applied voltage

c. the amount of current flow
d. the lengt!: of the core

4 The amount of inductance in a coil is:

a. the resistance in a coil

b. directly proportional to change in current
c. always in reference to polarity

d. the number of turns in a coil

5 |f an increase in flux density increases the magnetic field, increasing
permeability will:

increase the magnetic field strength
decrease the magnetic field strength
not affect the magnetic field strength
decrease the flux density

A0 T W
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78.01.01.02 {continued)

6. Soft iron has:

a high permeability and high reluctance
b. high permeability and low reluctance
c. low permeability and high reluctance
d. low permeability and low reluctance

7. The purpose of the commutator is:

a to oppose any change in current

b. to convertD.C.in the rotating armature to a pulsating A.C. current
c. to eliminate brushes

d. to convert A.C. in the rotating armature to a pulsating D.C. current

8. A generator has a no-load voltage of 25 voits. When load is applied, terminal
voltage drops to 24 volts. What is the percent at regulation?

a 50%
b. 100%
c u%

d 96%

9. The strength of induced voitage depends upon:

a. fields relative motion
5. the battery applied to the generator
c. inverse mutual inductance ratio
d. the number of magnetic lines of force cut by the coil and the speed at
which the conductor moves through the field
10. Lenz's ' v ~:aies that the vuii~ae induced in a circuit by a changing current

.:ways opposes the change causing it. This statement is the basis fur the
explanation of the property of:

a. capacitance
b. reactance
c. inductance
d. resonance
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PERFORMANCE ACTIVITY: Electric Motor Operational Theory

OBJECTIVE:
Describe the operational theory of an electric motor using simple

schematic diagrams. Identify operational characteristics of electric
motors.

EVALUATION PROCEDURE:

The description of an electric motor includes the characteristics found
in Electricity and Electronics. Score at least 80% on a written multiple-
choice test.

RESOURCES:

Text: Electricity and Electronics, Gerrish, Howard H., Goodheart-
Wilcox, Co., Inc., South Holland, Illinois, 1968.

Electricity, Dvorak, Neil, Brodh=ad-Garrett Co., Cleve¢land,
Ohic, 1969.

Equipment: Electricity/Electronics, "C" Case-Combination Learning
Unit - Portable, Model BGBSOA/C, Brodhead-Garrett, 161
Commerce Circle, Sacramento, California, 95815.

D.C. power supply (variable).

PROCEDURE -

1. Read and study carefully the information found in Electricity and
Electronics, Chapter 9, pp. 136-151.

2. Complete Experiments 39 and 40 on "Introduction to Motors." and

"yniversal Motors" in Dvcrak's Electricity, pp.39-1-1 to 40-1-4.
Also complete the attached "Response Sheets" for the experiments.

Answer the attached "Review Questions".

4. Write a short description of a motor/generator, using simple
schematics. '

Complete the multiple-choice test items for this LAP.

6. Check your answers with the test key. If vour answers arce all

correct, record your time for completing tihis LAP on your SPR.

If you have missed any questions, try to find out why you missed

tho test items. If you have any further problems, check with

your instructor. When you have correctly completed all the test

items, you may record your time on your SPR.

Principal Author{s): T. Ziller
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Response Sheet: Experiment 39, Introduction to Motors

1.

Magnetic Field Interaction: What difference does the position of the magnet
make?

. Permanent Magnet Motor:

a. Adjust the supply to 10 volts or whatever is needed for ample rpm. Note
the line current at this speed. amps.

b. Stop the motor by carefully handling the slip rings. What is this static
current? amps .

Commutation Angle: The brush assembly has been designed to rotate. While
the motor is running, very slowly rotate the position of the brushes and
note the motor speed. Adjust for maximum speed.

Slowly remove the magnet from the base while the motor Is ruaning. What
happens .

Reverse the position of the magnet. What happens to the Alrection of
rotation?

Turn S2 so that the motor comes up to full speed. Then switch the motor to
the meter. What voltage does it repister?

What does this prove about some motors?
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REVIEW QUESTIONS:

1. In the single wire-magnet experiment, what else besides reversing the position
of the magnet could be done to change the direction of the force on the vire?

2. Explain the purpose of the commutator segments.

3. How can a device that has been designed as a motor produce a counter emf?

4. In most experiments the motor gets warm. It would overheat if overloaded.
Why?

5. Based on your experience in Part 4, how does motor speed depend on ficld
strength?

6. Why does motor current decrease as speed goes up?




Page 4 78.01.01.03.42-0

Response Sheet:
Experiment 40 - Universal Motors

1. a. How much currt s drawn at this applied voltage?

b. Touch a pencil eraser to the slip ring. Can the series motor reasomnably
maintain its speed under load?

2. Connect 10 VAC to the series connected motor.

4. Does it run very well?

b. Increase the voltage to 25 VAC.- Why should a motor with inductive elements
require more voltage when run on AC?

@]

Observe the commutator for sparking. Which type of operation is easier on
these contacts -- AC or DC?

d. While the motor Ls running, slowly rotate the brush assembly For maxinmum

rpm. [s this commutation position (agle) the same (for maximum specd) as
when the motor operated on DC?

3. Shunt Wound Motor

a. Gradually increase the voltage up to 10 volts. Is the motor rpm noticeably
different from the series connected experiment at 10 volts?

b. Whar is the current at this applied voltage?

c. As a load, touch the eraser end of a pencil to the slip rings. Does the
shunt motor maintain its speed better than the series motor?

d. Connect 10 VAC to the motor. Does it show any signs of running?
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REVIEW QUESTIONS:

1. Compare the shunt and series motor as far as:

a. current drawn

b. speed regulatlon urier ioad.

2. Find out why the shunt motor will not work on AC as the series type does.
(Optional)

3. Should the fleld of a series motor be made out of fine wirce or heavy wire?
Why?

4. What possible advantages does an AC universal motor have over a series or
shunt DC motor?

What advantages does the DC motor have compared to an AC universal motor?

5. Why should a 'ow friction DC shunt motor run &away when the field is lost?

83
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78.01.01.03

1. The purpose of the commutator in the D.C. motor is to:

a. de-energize the coils flux lines
b. provide a2 path to energize the armature
c. mechanically position the armature in the stator
d. discharge the capacitor in the motor circuit
2. Interpoles are used on large D.C. motors:

a. to recuce the sparking as a result of commutation
b. to increase the current in the armature

c. to increrse torque in the motor
d. to reduce the torque in the motor

3. If the starting winding were burned out in a split-phase motor, when the power
is turned on it would:

short circuit the winding
not start

purn out the run wmdlng
reverse the rotation

On oo

4. A common method of splitting a single phase current to start a motor is:

a. bv using a relay switch
b. iy rsing a capacitor
~. by using a resistor
d. by using an inductor
5. if the load is removed from a series motor:
a. it will decrease its speed
b. it will run normally
c. it will increase its speed
d. it will destrey itseif by centrifugal force
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78.01.01.03 (continued)

. . Fig.
6. Identify the schematic in Figure 1. 9. 1
a. dyna-motor o
b. parallel motor
c. series motor e o
d. syncro-motor
7. ldentify the schematic in Figure 2. Fig. 2
a. syncro-motor
b. compound motor I —0
c. parallel motor
d. dyna-motur o)
g. ‘'dentify the schematic in Figure 3. ;
Fig. 3
a. syncro-motor
b. seriesmotor e )
c. series-parallel motor
d. variable starting resistance
- 0
9. tdentify the schematic in Figure 4.
-
a. dyna-motor Fig. 4 @
b. compound motor
c. shunt motor —0
d. series moior
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78.01.01.03 (continued)

Fig. 5

10. ldentify the schematic in Figure 5.

split-phase motor
repulsion induction motor
shade pole motor

syncro motor

an oo
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PERFORMANCE ACTIVITY: _Motor Construction

OBJECTIVE:

Identify the component parts of various motor types.

EVALUATION PROCEDURE:

Parts indentification must be without error.

Successfully complete at least 80% of the items on a multiple-choice
test about this LAP.

RESOURCES:
Motor display boards: Shade-pole moctor
Split-phase motor
Universal
PROCEDURE :
1. Label, using masking tape the component parts of each of the
motors mounted on the motor display boards.
2. Have your instructor check for proper identification.
3. romplete th. multiple-choice test items for this LAP.
4. Ch-w~ your answers wich the test key. If your answers are all

correct, record your time for completing this LAP on your SIR.
If you have any further problems, check with your instructor.

When you have correctly completed ail the fest items, you may

record your time on your SPR.

Principa! Author(s): T. Zilior
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LAP TEST: MOTOR CONSTRUCTION

1. On the illustration of the universal motor, what number would identify the
field coils:

Q0 0T o
B —_oWw

2. On the illustration of the repulsion type motor, which number would identify
the commutator?

aonoow
- W N

3. On the illustration of the repulsion type moter, which number would identify
the stator and winding?

o0 gogwe
N - W

4 On the illustratisn of the repulsion type motor, which number would identify
the arn..turc!

Qn oo
S S

5 On the illustration of the polyphase motor, which number would identify the
balance and cooling fins?

o n U o
W N = =
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78.01.01.04 (continued)

6. On the illustration of the solit phase motor. which number would identify
the stator?

0 oo
- w N

7. On the illustration of the split phase motor, which number would identify the
capacitor?

3
1
u
2

20 0w

8. On the illustration of a split phase motor, which number would identify the

rotor?
a. 2
b. 1
c. 3
d. 4

9. On the illustration of the DC motor and generator, which number would
identify the laminated core?

Qn oo
W =N

10. On the illustration of the DC motor and generator, which number would identify
the brush and holder?

o n0 oo
w s =N

90
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PERFORMANCE ACTIVITY: Types of Motors

OBJECTIVE:

Identify and describe the operational characteristics of various motor
types.

EVALUATION PROCEDURE:

The descriptions of the motors include characteristics described ir the
resource.

RESOURCES :

el
=]
o

Electric Motor Repair, Rosenberg R., 2nd Edition, Rinehart Press, 1

PROCEDURE :

1. Read about split-phase motors pages 1-4. Universal motors pages
254-257; shade-pole motors pages 265-268 and three—-phase motors
pages 106-107 ir Electric Motor Repair.

2. Write a short description of each of the following motor types:
Universal; Shade-pole; Split-phase, Three-phase.

3. Complete the multiple-choice test items for this LAP.

4. Check your answers with the test key. If your answers are all

correct. verord your tim2 for completing this LAP on your SPR.
If you have missed any questions, try to find out why you miss~d
the test items. If you have any further problems, check with
your instructor. When you have correctly complrted all the test

items, you may record your time on your SPR.

Principal Author(s): T- Ziller
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1. What rotates in a shaded-pole motor?

a. field coil

b. armature

c. squirrel cage
d shade coil

a. rotcr loop
b. shaded loop
c. rotor ring
d. shaded ring

3. What percent of the rotor speed in a capacitor start motor causes the switch
to connect from the start to the run windings?

a. 25%
b. 100%
c. 50%
d. 75%

4. A machine that converts mechanical energy to electrical energy is called:

an armature
a a~ngyaeior
a motor

a capacitor

on oo

5. A DC motor has a device that reverses the connection to the revolving
conductors in the generator. ‘Y/hat is the device cailed?

a. fields

b. brushes

c. a commutator
d. coils
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78.01.01.05 ({(continued)

6.

10.

A machine that converts electrical energy into mechanical energy is called:

a generator
a motor

an alternator
a capacitor

00 g w

A resistance start motor is a form of which of the fotlowing?

a. capacitor start
b. repulsion

c. series

d. split-phase

If a resistor is wired in series with a start winding in a motor, what is the
result?

one phase is produced

two phases are produced
three phases are produced
no result can be deteimined

O N0 oW

A motor that is commonly used in washing machines is cailed which of the
following?

a universal start motor
b. capacitor start motor

C resistance start motor
d repulsion start motor

Which o7 i following moters requires a continuous duty capacitor?
a. split capacitor

b. split capacitor start

c. split capacitor run :

d. variable capacitor start/run
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1. The flux lines that represent magnetic force:

follow straight lines

occur only at the magnetics

are uniformly distributed in the area surrounding the magnet
are concentrated at the ends, or poles, of the magrt

on o w

2 The lines of force that form a magnetic field around a magnet have polarity;
this means that they:

a. are trianguliar in shape

b. radiate out in straight fines perpendicular to the surface of the magnet
c. flow in a complete circuit around the magnet

d. flow from cne pole of the magnet to the other

3. When several lcops are made in a conductor to form a coil, the polarity of the coil:

a. depends on the direction in which the conductor is coiled around the core
b. isthe same as the polarity of the current flowing through the conductor
c. is given by the left-hand rule for conductors

d is never north

4. An "induced current" can be preduced by:

a vector gquantities

b. rei=' e motion

“ a conductor

d. electromagnetic field

5. The left-hand rule for coils telis us the direction of:

the flux lines circling
the N pole of the coil
current flow through the conductor

2
b.
C.
d. flux density

101
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78.01.01.02

6. According to Faraday's law, the voltage generated by the relative motion of a
conductor and a magnetic field is:

a. indirectly proportional to the cross sectional area of the field
b. directly proportiona! to the cross section area of the field

c. directly proportional to the rate at which the conductor cuts ti= lines
of magnetic force

d. always in the same direction, negative to positive
7. The flux density of a coil is inversely proportional to:

a the reluctance of the core
b. the permeability of the core
c the diameter of the core

d the field of the core

8. The purpose of the commutator is:

to oppose any change in current

a
b. to convert D-C in the rotating armature to a pulsating A-C current
c. to eliminate brushes
d

to convert A-C in the rotating armature to a pulsating D-C current
9. How may output of generator be contiolled when operating at constant speed?

volitage regulator

slow down the speed of the current flow
reverse the rotaticn of the generator
use a varispeed control device

on oo

10. Which of the fo'lowing core materials would produce the str.ngest magnetic
field for a given coil?

a. air

b. soft iron

c. aluminum

d. carbon rod
78.01.01.03

11. Why is the term "end play" important?

because the end plates may press against the coils and cause a short
only because of the run winding

only because of the start winding

because of insulation paper

o n g o

102
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78.01.01.03 (continued)

12. The generator action in a motor is:

constant rotation of the armature in a motor
conductors ~utting through a magnetic field
counter electro motive force generated

not possible in a motor

[o N g TN o )

13. Total current usad by the motor is determined by:

the power reduction ratio

the field and armature curirents
the constant speed of the motor
the percent of speed reguiation

o n0oTw

Fig. 6

14. ldentify the schematic in Figure 6.

series motor

dyna-motor

capacitor-start split-phase motor
polv-phase motor

Q0O U w

15. ‘*Aotor starters are necessary on heavy duty motors:

a. to release high voltage feed back

. to increase starting torque

c. to increase starting resistance

d. to bypass the capacitor
78.01.01.04

16. On the illustration of the universal motor, which number would identify the
carbon brush?

QN oW
£ N W
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78.01.01.04 (continued)

17. On the illustration of the universal motor, which number would identify the

commutator?
a. 2
b. 1
c. 4
d. 3

18. On the illustration of the universal motor, whick number would idertify the

armature?
a. 4
b. 3
c. b
d. 2

19. On the illustration of the polyphase motor, which number would identify the

stator?
a. 2
b. 1
c. 3
d. 4

20. On the illustration of the DC motor and generator, which number would identify
the field windings?

1
2
3
y

o N0 oo

78.01.01.05
21. that are the two classes of polyphase induction motors?

squirrel cage and wound rotor
split phase and capacitor start
wound rotor and syncronous

squirrel cage and shaped pole

oangoguw

22. What device is used in a capacitor start motor to connect the AC veitage from
the start to the run winding?

resistor
capacitor
centrifugal switch

inductor switch 1 0 5

0 n o w
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78.01.01.05 (continued)

23. What percent of the rotor speed in a capacitor start motor causes the switch to connect
from the start to the run windinys?

a. 25%
b. 100%
c. 50%
d. 75%

20, What are the two principie classes of single phase induction motors”®

split-capacitor and capacitor start
split-phase and commutator
capacitor run and capacitor start
repulsion and series

Q60 T o

25. Which of the following motors requires a continuous duty capacitor?

split capacitor

split capacitor start

split capacitor run

variable capacitor start/run

Q0 T w

106
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RATIONALE:

All electric motors will some day need repair. There are several types
of motors. The motor r2pair person will be asked to strip, insulate,
wind and rake internal connections. In order to do these tasks the
repair person needs to know about the types of motor construction

characteristics. Techniques and skills must be developed for rebuilding
a motor.

PREREQUISITES :

Unit 78.01.01.: Electric Motor Fundamentals.

OBJECTTVES :

Remove, wind and install stator and armature windings that meet given
motor specification.

RESOURCES :
Printed Materials

Electric Motor Repair. Second Edition, Rosenburg, Holt, Rinehart
& Winston, 1970C.

Audio/Visual
Displa, RBoards:
1. Shaded-pole motor.
2. Split-phase motor.
3. Universal motor.
Equipment

Cutter, pipe

Equipment, special: chisel, coil stripping
coil shapers
insulation former
slotter-soraper
winder, armaturc
winder, coil

Principal Author{s): T. Ziller
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Equipment, test: drowler, internal and external
meter, volt-ohm
Motor, electric: three-phase
split-phase induction
capacitor start
repulsion
direct current
universal
shaded-pole
Oven, pegs, dowel (assortment)
Tools, basic: box, tool (18 x 8 x 9)
chisel, cold
crimpers, lug
cutters, diagonal
gauge, circular
hacksaw
hammer, ball peen
nut driver set
plier, arc joint
plier, coil tamping
plier, lineman's
plier, long chain-nose
plier, snap-ring (internal and external)
puller, pulley
punch, center
screwdriver, blade (set)
wire skinner/straightener
wrench, locking plier

GENERAL INSTRUCTIONS:

This unit consist of 6 Learning Activity Packages (LAPs) . Fach LAP will
provide specific information for completion of a learning activity.

The general procedure for this unit is as follows:

f1) Rea? the first assigned Learning Activity Package (LAP).

(2, Begin and complete the first assigned LAP.

(3) Take and score the LAP test.

(4) Turn in the LAP test answer sheet.

(5) Determine tne reason for any missed items on the LAP test.

() Proceed to and complete the next assigned LAP in the unit.

(7) Complete all required LAPs for the unit by foliuwing steps
3 through 6.

{8) In this Unit, there are some LAPs that have tests combined
with other LAP tests. These combined tests are taken after
completing the last LAP covered by the test.

(9) Take the unit tests as described in the Unit LEG “IKvaluation
Procedures”.

(10) Procecd to the next assigned anit.
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PERFORMANCE ACTIVITY:

.01 Taking Data about the Motor

.02 Stripping the Armeture and Stator Windings
.03 Insulating the Stator and Armature

.04 Winding Stator Coils

.05 Winding Armature Coils

.06 Baking and Varnishing

EVALUATION PROCEDURE:

When pretesting:

1. The student takes the unit multiple-~choice Pretest.

2. Successful completion is 4 out of 5 items for each LAP part
of the pretest.

3. The student then takes a unit performance test if the unit
pretest was successfully completed.

4. Satisfactory completion of the performance test is meeting

the criteria listed on the performance test.

When pPost testing:

1. The student takes a multiple-choice unit post test and a unit
performance test.
2. Successful unit completion is meeting the listed criterja for

the performance test.

FOLLOW-THROUGH:

You may now begin with the first LAP in this unit. Talk to your
instructor if you need help.

110
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UNIT PRETEST: REWINDING
78.01.02.01
1. On a motor, the number of slots separating the sides of a coil, including

the slots in which the winding lies, is called:

a. turns
b. pitch
c. slots
d. end room

2. How is the span of a coil in a motor recorded?

a pencil or pen

not necessary

1-4 or 2-6 or as the case may be
1-32 or 2-36 as the case may be

Qo oo

3. When working on a motor, how do you get information on the number of
turns of wire?

a. you guess at it

b it is stamped on the frame
c. you count each coil

d it is stamped on data plate

4. When is the proper time to start recording data for three-phase motor?

a juc. when the instructor is watching

0. after it is completed

c. as soon as you put it on the work bench
d. not necessary

5. In a three-phase motor, all the coils have the same:
a bearings
b. pitch
c coils
d poles
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6. While stripping the stator on a motor, why is it important to count the
turns of wires and number of coils per pole?

a. to check the manufacturer's specifications

b. to get it on the data card, so when it is rewound, it will have the
" same number of turns per pole

to guard against a change in polarity

because when it is rewound, it should have 5 less coils p2r pole than
are unwound

o n

7. How much heat is needed to burn the stator on a motor?

the stator is made to withstand any temperature
approximately 200 degrees C.

approximately 100 degrees C.

approximately 400 degrees

Qo0 ow

8. |If the burning method is used, why is it very important that the stator
on a motor be allowed to cool gradually?

a it costs money to cool it rapidly

b. it is not necessary

c. it prevents warping

d. so that the stator doesn't get burned

9. One method of stripping a stator is to:

a cut both sides off

b. cui ea~h coil on one side and pull the coil out the other
c. pull

d. cut each coil on one side and pull

10. When stripping a motor, why should one coil be saved?

to be reused when the motor is rebuilt

to provide the dimensions for the new coils

because the new coils must be wound in reverse of the old ones
to provide a guide for installing the new coils

o 0o
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78.01.02.03

11. What type of siot does this drawing represent in a motor?

a. semiclosed stater > <
b. rotor </U /\>
c. open slot stator \l_/
d. stator
12. If necessary, mylar combination could be used for what insulation type class

on a motor?

00 oo
UJ(D?>
mI

13. When reinsulating a core on a motor, if the insulation paper is to be cuffed,
how much longer than the slot will it have to be?

a. 1/4inch
b. 1/8 inch
c. 5/8 inch
d. 1/2 inch

14. When rewinding a mator, the insulation paper is cut longer than the slot by:

a. 1/8 inch
b. 1/4 inch
c. 1/2inch
d. 5/ioinch

15. When reinsulating a core en a motor, the cuff should be turned back:

a 1/4 inch
b 5/8 inch
c. 1/2inch
d 1/8 inch
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78.01.02.04

16.

What is the easiest way to rewind the stator on a motor, if it has been charred?

a. cut off flush on one end of stator coils and pull
b. unwind each wire at a time
c. cut each end of the coils and puil
d. cutonly one end of each coil and pull

17. What is commonly used to determine which form shoulid be used when rewinding
the stator on a split phase motor?
a. a form gauge
b. a wiregauge
c. a single strand of wire
d. a flexible tube

18. When using wood forming blocks for shaping coils for the stator on a split-
phase motor, approximately what depth should the wood blocks be in relation
to the stator slots?
a. 1/2 of the slot depth
b. equal to the slot depth
c. 3/4 of the slot depth
d. 1/4 of the slot depth

19. What is one of the primary advantages of skein winding over other types of
winding in a split-phase motor?
a. less power will be used when operating the motor
b. higher voltage is obtained
c. lower voitage is obtained
d. m=ry ~oaductors may bc placed in the s.ot at one time

20. Skein coils, when installed in a split phase motor, must be placed in wnat
way in the slots?
a from the smallest pitch to the largest
b. from the largest pitch to the smallest
c from the center pitch to the smallest
d. from the center pitch to the largest

78.01.02.05
21. What is the primary purpose of an interpole field coil on a DC motor?

prevent arching of the brushes
increase horsepower

increase motor starting torque
decrease friction in the motor

0onNn oo
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78.01.02.05 (continued)

22. Series field coils consist of which of the following in a DC motor?

a. light wire with many turns
b. heavy wire with many turns
c. heavy wire with a few turns
d. light wire with a few turn¢

23. Shunt fields in a DC motor consist of which of the following?

a. heavy wire with a few turns
b. light wire with a few turns
c. light wire with many turns
d. heavy wire with many turns

24. How are field coils connected in a DC motor?

so all poles have the same polarity
so alternate polarity exists

so all poles have negative polarity
so all poles have positive polarity

[o TN o TN o 2 )

25 If the shunt field comes into contact directly or indirectly with the
series field in a DC motor, which of the following will develop?

a. direct short

b. more horsepower

c. less horsepower

d. more starting torque

78.01.02.06

26. Before dipping, the stator from a motor should be placed in a baking

oven for:

a. 10 minutes
b. 45 minutes
c. 60 minutes
d. 30 minutes

27.  When varnishing a motor, many shops do not have a baking oven and they want
a harder finish than air drying varnish. They would use:

lead varnish
synthetic AC 43

solventless epoxy resin
orange varnish

Q0 gogo

.Y
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78.01.02.06 (continued)

28. |Immediately after removing the stator of a motor from the varnish dip
tank, the stator is placed in the oven:

a. Just before it stops dripping
b. just after it stops dripping
c. yes

d. no

29. What will help decrease the moisture content in the windings of a stator on a

motor?

a. dripping

b. baking

c. varnishing

d. baking and varnishing

30. Approximately how long must the winding of a metor soak in soivent?

two hours

one hour

30 minutes or until bubbling ceases
30 minutes

o0 oo
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PERFORMANCE ACTIVITY: Taking Data About the Motorxr

OBJECTIVE:

Identify and record pertinent data for rewinding various motor types.

EVALUATION PROCEDURE:

Score at least 80% on a written multiple-choice test.

RESOURCES :

Electric Motor Repair,vﬁbsenburq, Robert; 2nd Edition, Rinehart Press,
San Francisco, 1970.

Assortment of motor (polyphase, repulsion and split-phase) displays.

PROCEDURE: :

1. Read pages 5-9 in ylectrig_ﬂg}gg_ﬁgﬂgiE:

2. Record data about a split-phase motor using the attached data
sheet for split-phase motor.

3. Record data about a polyphase motor using the attached data
sheet for polyphase motor.

4. Record data ab-ut a repulsion motor using the data sheet for
the r~_ulsion mntor.

5. Take the LAP test.

Principai Author(s): 7. ziller
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LAP TEST: TAKING DATA ABOUT THE MOTOR
78.01.02.01
1. ldentify the information necessary in taking data for the rewinding of 3 motor.
a. none of these
b. obtain information on both the run and start windings
c. note specific information concerning the old windings
d. obtain as much data as possibie

2. What information would you put on your data sheet if the start winding on a
mo‘or was shorted?

don't put anything on the Jata sheet

put just the start winding on the information sheet

put just the run winding on the data sheet

put both the run winding and start winding information

Q a e

2. How should the absence of the odd-sized slot on a motor be marked?

center punch mark in the center slot of each pole
on!y when center slot is odd-sized

den't worry about it

only when start winding is to be changed

on oo

4. Why is taking the proper data when working on a motor important?

a. itis just something we do in schools

b. it - aoded paper wori o increase the price it costs the consumer
c. so that no difficuity will be ericountered upon reassembly

d. it is not needed

5. On a motor, the number of siots separating the sides of a coil. including
the slots in which the winding lies, is called:

a. turns
b. pitch
c. slots
d. end room

121
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6. How is the span of a coil in a motor recordzad?

a pencil or pen

not necessary

1-4 or 2-6 or as the case may be
1-32 or 1-36 a. the case may be

00 oo

7. What is meant by the pitch of a coil on a motor?

the number of slots separating the sides of a coil
the number of groups of coils

the number of degrees they are apart

how far the coil protrudes from the slots

oo oo

8. When working on a motor, how do you get informationr on the number of turns
of wire?

a. you guess at it

b. it is stamped on the frame
c. you count each coil

d. itis stamped on data plate

9. In a three-phase motor, all the coils have the same:
a. bearings
b. pitch
c. coils
d. poles

19. Should the wire size be written on a data card, when repairing an inductor
rnotor?

no. % s not important

yes,wire size determines total cost

no, wire size has nothing to do with motors
ves, the specifications call for it

Q 0O ro
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PERFORMANCE ACTIVITY: Stripping the Armature and Stator Windings

OBJECTIVE:

Given a motor, strip the stator windings following practices and

procedures accepted in the industry. Identify stripping procedures and
their purposes.

EVALUATION PROCEDURE:

Stator and armature stripping is evaluated by performance test at the

end of this unit. Successfully complete at least 80% of twie items on a
combined multiple-choice test about this and one other LAP. The combined
1LAP test is taken after completing LAP “Insulating the Stator and
Armature®.

RESQURCES :

Electric Motor Repair, Rosenburg.

handtools

PROCEDURE:

1. Read pp. 9-12 and pp- 108 and 109 in Electric Motor Repair.

2. Obtain the tools requir~d to strip the stator of its windings.

3. Strip the stator of the given motor.

NOTE: If you have any difficulty or questions always check with

your instructor.

KEY POINT: Be sure you follow the procedure described in the text
concerning the collection and recording of da.a motor
information. If data information is inaccurate, you
will not be able to repair the motor.

When you have stripped the stator, go to the instructor for evaluation.

Read pages 181 and 182 in Electric Motor Repair.

Obtain the tools required to strip the armature of its wirdings.

Strip the armature of a given mctor.

Take the LAP test.

o ~NO b

Principal Author(s): T. Ziller

ERIC

IToxt Provided by ERI



DATA SHEET rOR SPLIT-PHASE MOTOR

MAKE
H.P. R.P.M. ‘ VOLTS AMPS.
CYCLE TYPE FRAME S.F.
a b-TEMP. RISE MODEL SERIAL NO. PHASE
E NO. OF POLES CODE N, OF SLOTS TIME RATING
E V/INDING SIZE WIRE NO. OF CIRCUITS PITCH TURNS
HUNNING
STARTING

SLOT NO. 1 2 3 6 567 8 9 101112131415 16 1718 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 1|
RUNNING
STARTING
ROTATION CLOCKWISE COUNTER CLOCKWISE
DATA SHEET FOR POLYPHASE MOTOR
MAKE
H.P, R.P.M. VORTS AMPS,
CYCLE TYPE FRAME STYLE
E TEMP. MODEL SERIAL NO. PHASE
NO. OF COILS M0. OF SLOTS CONNECTION
Si2t Wil NGO, O TURNS MO, O GROWUPS
o PITCH OF COIL
COILS/GROUP NG. OF POLES
ERIC

PAFulToxt Provided by ERI




File Code: 78.01.02.03.A2-0

Date Published: 2-19-76

Maountain-Plains Education &
Economic Development
Program, inc.

Learning Activity Package

Siudsnt:

Glasgow A¥H, Montuna 58231

Date:

PERFORMANCE ACTIVITY: Insulating the Stator and Armature

OBJECTIVE:

Given the necessary tools, equipment, and supplies, correctly insulate
the armature and stator of a motor to meet the standards of the manu-
facturer and follow procedures accepted in the industry. Identify
procedures for insulating windings and characteristics of insulation.

EVALUATION PROCEDURE:

Insulation installation meets the criteria on the checklist. Score at
least an 80% on a multiple-choice test.

RESOURCES :

Electric Motor Repair, Rosenburg.

Insulation former assortment of dowel pegs
paper cutter slotter/scraper
PROCEDURE::

1. Read pp. 12-13 and p. 109 in Electric Motor Repair.
2. Obtain the necessary tools and equipment required to insulate
a given ctator.
NOTE: Be sure you follow the procedures described in the attached

checklist: "Stator and Armature Insulation." {(Caution:
Follow data sheet information very carefully)
3. When you have completed all the steps necessary on the checklist
to complete this job, go to the instructor for evaluatiou.
4. Insulate the given armature using the attached checklist for
procedure.
5. Have the armature insulation installation evaluated by the instructor.
6. Take the LAP test.

Principal Author{s): T. Ziller

ERIC
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CHECKLIST: STATOR AND ARMATURE INSULATION

1. Clean the slots using a slotter-scraper.

2. If insulation is to be cuffed go to step 4. 1f not cuffed take
step 3.

3. Cut insulation to length and width.

(Length is cut % inch larger than siot length; width is cut
L, inch wider than two times the depth plus the width of the
siot.) Go to step 6.

4. Ccut insulation length 1 inch larger than slot length. Cut
insulation width % inch wider than two times the depth plus
the width of the slot.

5. Use the insulation frames to put cuffs on the insulation strips.
6. Place insulation strips ir the slots.
7. Form the strips to the slot walls with a dowel.

e
o

277
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LAP TEST: STRIPPING THE ARMATURE AND STATOR WINDINGS/
INSULATING THE STATOR AND ARMATURE

78.01.02.02

1. While stripping the stator on a motor, why is it important to count the turns
of wires and number of coils per pole?

a. to check the manufacturer's specifications

b. to get it on the data card, so when it is rewound, it will have the same
number of turns per pole

c. toguard against a change in polarity
d. because when it is rewound, it should have 5 less coils per pole
than are unwound

2. if only the start winding on a motor is to be changed, you should:

a cut one end of each coil and pull

b. change both start and run windings

c. lift out the start winding and remove the wedges with a hacksaw
d. remove the wedges and lift out the start winding

3. How long should the stator on a motor be on the burning pit?

a. 30 minutes
b. several hours
c. one hour
d. 24 hours
4. If the burning method is used, why is it very important that the st?tor on a

motor be allowed to cool gradually?

a it costs money to cool it rapidly

b. it is not necessary

c it prevents warping

d. so that the stator doesn't get burned

5. When stripping a motor, why should one coil be saved?

to be reused when the motor is rebuilt

to provide the dimensions for the new coils

because the new coils must be wound in reverse of the old ones
to provide a guide for installing the new coils

an o
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78.01.02.03

6. When insulating a motor stator, when would you use a paper cutter?

a. to cut insulation only to be cuffed
b. to cut insulation to proper width
c. to cut the cuffonly
d. to cut only the wedges
7. If necessary, mylar combination could be used for what insulation type class

on a motor?

>

B-H
B-F
B

co0ooco

8. Class A insuiation is used when rewinding a motor and is made of:

a ragstock paper
b. heavy paper

c. dacron-mylar
d. mylar

9. When rewinding a motor, the insulation paper is cut longer than the slot by:

1/8 inch
1/4 inch
1/2 inch
5/16 inch

o n oo

10. What is the purpose of a feeder strip ocn a motor?

a it is never used

b. it is used on the run winding

c. it is used on the start winding
d. it covers the edges of the slot

129
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STRIPPING THE ARMATURE AND STATOR WINDINGS/INSULATING THE STATOR AND ARMATURE

LAP .02

LAP .03
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PERFORMANCE ACTIVITY: Winding Stator Coils

OBJECTIVE:

Given the necessary tools, equipment and supplies, wind the stator coils
of a motor to the recommended specifications of the manufacturer, and
follow procedures accepted in the industry. Identify procedures for
winding stator ccils.

EVALUATION PROCEDURE:

Winding skills are evaluated on a unit performance test. Successfully
complete at least 80% of the items on a combined multiple-chcice test
about this and one other LAP. The combined LAP test is taken after
completing LAP "Winding Field Coils".

RESOURCES:

Electric Motor Repair.
Checklist: Winding the Stator Coils

motor stator coil shaper
coil winder ohmmeter
growler
PROCEDURL :
1. Read pages 13-16 and pages 109-111 in Electric Motor Repair.
2. Rewind a stator using the appropriate tools.
3. Check your stator coil following the attached "Checklist: Winding
Stator Coils".
4. Have your instructor inspect the rewound motor's stator.

5. Take the LAP test.

Principal Author{s): T. Ziller
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CHECKLIST: WINDING STATOR COILS
1. Use coil winder hand, or skein for winding coils (size of
stator coil obtained from original).

2. Use correct size magnet wire (size of stator coil wire
obtained from original).

3. _____Wind stator coil using same number of turns as the original.

4. __ Use shaping tool to form stator coil.

5. ___ Check mznufacturer's specifications for proper connection.

6. _ Check for shorts. (ohmmeter)

7. ____ Check for an open. (ohmmeter)

8. ____ Check for grounds. (ohmmeter)

9. __ Connect ccil to 6 volt battery; use a compass to check polarity.
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PERFORMANCE ACTIVITY: __Winding Armature Coils

OBJECTIVE:

Given necessary tools, equipment, and gupplies wind the armature coils
of a motor. Identify procsdures for winding armature coils.

EVALUATION PROCEDURE:

Winding skills are evaluated on a unit performance test. Successfully
complete at least 80% of the items on a multiple-choice test about this
LAP.

RESOURCES :

Electric Motor Repair, Rosenburg, Robert; 2nd Edition.
Checklist: Winding Armature

motor armature ohmmeter
armature winder growler
PROCEDURE:

1. Read pages 86-91, 173-180 and 258-260 in Electric Motor Repair;
refer to figvres indicated in jllustration section of the book
when ~alled for.

2. Rewind an armature coil using the attached "Checklist: Winding
Armature Coils™.
3. Bave your instructor inspect the rewound armature.

4. Take the LAP test.

Principal Author{s): T- Ziller

ERIC
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CHECKLIST: WINDING ARMATURE COILS

1. Use armature coil winder or hand wind (size arrature coil
obtained from original).

2. Use correct size magnet wire (size of armature coil wire
obtained from original;.

3.  Wind armature coil using same number of turns as the original.
4. ____ Check manufacturer's specifications for proper connection.

5. __ Check for shorts. (ohmmeter or growler)

6. _____Check for an open. f{ohmmeter or growler)

7. Check for grounds. (ohmmeter or growler)
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LAP "EST: WINDING STATOR COILS/WINDING ARMATURE COILS

78.01.02.04

1. What is the easiest way to rewind the stator on a motor, if it has been charied?

cut off flush on one end of stator coils and pull
unwind each wire at a time

cut each end of the coils and pull

cut only one end of each coil and pull

an oo

2. Before winding a moter, which of the following should be completed first?

remove end bells
collect necessary data
remove Stator
insulate slots

Q6 oo

3. What is commonly used to determine which form should be used when rewinding
the stator on a split phase motor?

a form gauge

a wire gauge

a single strand of wire
a flexible tube

o 6 o o

4. When using wood forming biocks for shaping coils for the stator on a split phase

motor, approximately what depth should the wood blocks be in relation to the
stator slots?

a. 1/2 of the slot depth
b. equal to the slot depth
c. 3/4 of the slot depth
d. 1/4 of the slot depth
5 Ina skein winding, which of the following is of prime importance, when winding

the stator of a motor?

radius must be exact
circumference must be exact
shape (round) must be exact
shape (rectangular) must be exact

Qo0 g ow

it
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78.01.02.05

6. In a motor, ail the coils are wound with the same size:

start winding is different
magnetic wire

each set of coils is a different size
leads

[0 T o I o i +V

7. When rewinding the shunt field coils on an electric motor. how should the
number of turns be determined?

the turns should be estimated by using an ohmmeter
the turns should be counted

the turns should be estimated

the coils should be weighted

o0 oo

8. Series field coils consist of which of the following in a DC motor?

a. light wire with many turns
bh. heavy wire with many turns
c. heavy wire with a few turns
d. light wire with a few turns

9. Shunt fields in a DC motor consist of which of the following?

a. heavy wire with a few turns
b. light wire with a few turns
c. light wire with many turns
d. heavy wire with many turns
10. !f the shunt field comes into contact directly or indirectly with the <eries

field in a DC motor, which of the following will develop?

direct short

more horsepower
less horsepower
more starting torque

Q0 oW
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LAP TEST ANSWER KEY: 78.01.02 .04.A2-2/78.01.02.05.A2-2

WINDING STATOR COILS/WINDING ARMATURE COILS
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PERFORMANCE ACTIVITY: Baking and Varnishing

OBJECTIVE:

Given the necessary tools, equipment, and supplies; correctly varnish
and bake the windings of a motor according to: (1) manufacturer's
specifications and (2) following procedures and practices accepted 1in
the industry. Identify the procedure for baking and varnishing windings
and identify the characteristics of varnishes.

EVALUATION PROCEDURE:

Baking and varnishing skills are evaluated on the unit performance test.
successfully complete at least 80% of the items on a multiple-choice
test about this LAP.

RESQURCES :

Motor stator/armature.
Electric Motor Repair, by Robert Rosenburg.

baking oven

PROCEDURE:

1. Read nages 20-21 and 1R£-186 in Electric Motor Repair.

2. Insulate stator rfollowing the procedures on the attached "Checklist:
Baking and varnishing." (Caution: Be sure of proper ventilation
and observe fire precautions during the dipping and dying process).

3. Take the LAP test.

Principal Author(s): T. Ziller
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CHECKLIST: BAKING AND VARNISHING

1. Bake at 250° F the armature or stator to eliminate moisture
for an hour.

2. Spray, brush or dip windings in varnish until air bubbles
disappear.

3. Hang for air drying or bake at 250° F for about 3 hours.

q. Remove excess varnish with lathe or scrxaper.

' 129
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Data Published: 12-19-74

LAP TEST: BAKING AND VARNISHING

78.01.02.06

1. Before dipping, the stator from a motor should be placed in a baking
oven for: ‘

a. 10 minutes
b. 45 minutes
c. 60 minutes
d. 30 minutes

2. At what approximate temperature should the stator on a motor be preheated?

200 degrees F.
112 degrees F
250 degrees F
250 degrees C

Qan ow

3. When varnishing a motor, the entire process of dipping or trickling the
varnish should take no longer than:

5 to 10 minutes
20-30 minutes
15-20 minutes
10-15 minutes

o noco

4. When varnishing a motor, many shops do not have a baking oven and they
want a harder finish than air drying varnish. They would use:

lead varnish

synthetic AC 43
solventless epoxy resin
orange varnish

an ow

5. When varnishing a motor, a type of varnish that does not require baking is:

orange varnish
resin varnish

air drying varnish
polyester varnish

nn0oo
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78.01.02.06

6. Immediately after removing the stator of a motor from the varnish dip tank,
the stator is placed in the oven:

a. just before it stops dripping
b. just after it stops dripping
c. yes

d. no

7. When do you varnish the new windings in a stator of a motor?

a. after installing the windings in the stator and before installing flexible
flexible leads

b. after installing the windings, completing a test and installing flexible
leads

c. after installing the windings in the stator
d. before installing the windings in the stator

8. What will help decrease the moisture content in the windings of a stator on

a motor?

a. dripping

b. baking

c. varnishing

d. baking and varnishing

9. Approximately how long must the winding of a motor soak in solvent?

two hours

one hour

30 minutes or until bubbling ceases
30 minutes

o0 oo

10. What purpose does preheating the varnish for a motor serve?

increases penetration of the varnish

stops the varnish from running off the winding

removes moisture

removes moisture and increases penetration of the varnish

(o N o o 2V
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BAKING AND VARNISHING
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‘“—M§§\ UNIT POST TEST: REWINDING

78.01.01.01

1. What are the consequences of incorrect data, when working on a motor?

the motor would run counter—clock wise

if the windings are in the wrong location, a motor may not start properly
you remember how it's done, so you don't need the data

the motor would run too slowly

Qo opo

2. Why is the term "end room" important, when taking data on a motor?

only because of the run winding
only because of the start winding

because the end plates may press against the coils and cause a short
because of insulation paper

Q0o oo

3. What information would you put on your data sheet if the start winding
on a motor was shorted?

don't put anything on the data sheet

put just the start winding on the information sheet

put just the run winding on the data sheet

put both the run winding and start winding information

QN oo

4. What is meant by the pitch of a coil on a motor?

the number of slots separating the sides of a coil
the r.imbet of groups of cils

the number of degrees they are apart

how far the coil protrudes from the slots

anouUo

5. When is the proper time to start recording data for three-phase motor?

a. just when the instructor is watching

b. after it is completed

c as soon as you put it on the work bench
d. not necessary




Page 2 78.01.02.00.82-2

78.01.02.02

6. If only the start winding on a motor is to be changed, you should:

a cut one end of each coil and pull

b. change both start and run windings

c. lift out the start winding and remcve the wedges with a hacksaw
d. remove the wedges and lift out the start winding

7. How much heat is needed to burn the stator on a motor?

the stator is made to withstand any temperature
approximately 200 degrees ¢
approximately 100 degrees ¢
approximately 400 degrees c

o 0ooow

8. While stripping the stator on a moter, should you check wire size?

a. yes, you have to to determine new winding sizes

b. no, anyone can guess the wire size

c sometimes you should just in case you lose the stator
d. never, it's not that important

9. One method of stripping a stator is to:

a cut both sides off

. cut each coil on one side and pull the coil out the other
c pull

d. cut each coil on one side and pull

10. When stripping a motor, why should one coil be saved?

c to be reused when the motor is rebuilt
b. to provide the dimensions for the new coils
c. because the new coils must be wound in reverse of the cld ones
d. to provide a guide for installing the new coils

78.01.02.03

11. What type of slot does this drawing represent in a motor?

semiciosed stator

rotor - x
slot stat - O\
e S

Qn0opow
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78.01.02.03 (continued)

12. The best procedure to follow when reinsulating a core on a motor is to:

it isn't necessary to reinsulate the core
replace it with thinner insulation than was originalty used
replace it with thicker insulation than was originally used

replace it with the same type and thickness of insulation as used in the
original winding

Qaouopo

13. When reinsulating a core on a mator, if the insulation paper is to be cuffed,
how much longer than the siot will it have to be?

a. 1/4inch
b. 1/8 inch
C 5/8 inch
d 1/2 inch

14. What type of insulation is used when reinsulating a core on a motor because
it is resistant to high temperature and has high tensile strength?

rag-stock paper
mylar combination
nylon paper
dacron-mylar

o0 oo

15. When reinsulating a core on a motor, the cuff should be turned back:

a. 1/4 inch
b. 5/8 inch
c. 1/2irch
d. 1/8 inch
78.01.02.04

16. What two ways are usually used to measure wire for a motor?

micrometer and depth gauge

American screw gauge and depth gauge
American wire gauge and feeler gauge
micrometer and wire gauge

o0 Qoo

-

-
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78.01.02.04 (continued)

17. Which of the following ways of winding will produce the tightest winding

possible?

a. skein

b. form winding

c. motor winding
d. hand winding

18. What is one of the primary advantages of skein winding over other types of
winding in a split phase motor?

a. less power will be used when operating the motor

b. higher voltage is obtained

c lower voltage is obtained

d. many conductors may be placed in the slot at one time

19. Skein coils, when installed in a split phase motor, must be placed in what way
in the slots?

a from the smallest pitch to the largest
b. from the largest pitch to the smallest
c. from the center pitch to the smallest
d. from the center pitch to the largest

20. Which of the following types of windings should not be used, if the wire size
is over 21 A.W.G.?

a hand
b. firm
c skein
d. mackine
78.01.02.05
21. In a moter, 2ll the coils are wound with the same size:

a start winding is different

b. magnetic wire

c. each set of coils is a different size
d leads .

22. What is the primary purpose of an interpole field coil on a DC motor?

prevert arching of the brushes
increase horsepower

increase motar starting torque
decrease friction in the motor

o 0w
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78.01.02.05 (continued)

23. Interpole fields in a DC motor consist of which of the following?

a. heavy wire with a few turns
b. heavy wire with many turns
c. light wire with a few turns
d. light wire with many turns

24. How are the coils connected in a DC motor?

so al! poles have the same polarity
so alternate polarity exists

so all poles have negative polarity
so all poles have positive polarity

oangoguw

25. Most generally, the peles in a DC motor are connected:

a. in a series

b. in a parailel

c. in a series paraliel

d. alternately series than parallel
78.01.02.06

26. Before dipping, the stator from a motor should be placed in a baking oven for:

10 minutes
45 minutes
60 minutes
30 minutes

cnoUo

27. When va-pishing a motor, 1 type of varnish that does not require baking is:

a. orange varnish

b. resin varnish

c. air drying varnish
d. polyester variish

28. Immediately after removing the stator of a motor from the varanish dip tank,
the stator is placed in the oven:

a. just before it stops dripping
b. just after it stops dripping
c. vyes

d. no
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78.01.02.06 (continued)

29. When do you varnish the new windings in a stator of a motor?

a. after installing the windings in the stator and before installing
flexible leads

b. after installing the windings, completing a test and installing flexible leads
c. after installing the windings in the stator

d. before installing the windings in the stator

30. What will help decrease the moisture content in the windings of a stator on a

motor?

a. dripping

b. baking

c. varnishing

d. baking and varnishing
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Student: File Code: ___78.01.02.00.A1-5

Date: Date Published: 11/15/74

Family Pay Mumber: Sex: M F (Circle 1)

UNIT PERFORMANCE TEST: REWINDING

OBJECTIVE 1:

Given a malfunctioning stator and field coil, the student will rewind the stator

and field coil so that it functions according to the manufacturer's specifications,
following safe practicas and procedures.

OBJECTIVE 2:

Using appropriate equipment, the student will rewind a faulty stator and field
coil.

OBJECTIVE 3:

Using appropriate tools and test equipment the student will take shorts and
open tests.

TASK:

The student will rewind a stator and field coil and, in the process, he will make
shorts and open and grounding tests, using appropriate test equipment.

ASSIGNMENT :

CONDITIONS:

The student will be given a maifunctioning stator and field coil (it may be

bugged by the instructor or it may be one brought in by a customer.) He will be
required to rewind the stator and field coil in conditions similar to those in a
typical motor repair shop. He will be allowed to use any and all tools, equipment,
service manuals, text books, etc., commonly found in a repair shop. He must

complete it in a reasonable length of time with no assistance from the instructor(s)
@ 7r students.

1 - O
)
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RESOURCES:

Tools:
Internal-external snap ring pliers
7 Piece nut driver set
Tool box 18 x 8 x 9
Circulay gauge
Hacksaws
Pulley puller
Arc joint pliers
Lineman's pliers
Diagonal cutting pliers
tong chain-nose pliers
Locking plier wrench
Coil tamping pliers
4-Piece standard set screwdrivers
Center punch
Cold chisel
Ball peen hammer
Lug crimpers
Wire skinner and straightener

Equipment:
Coil stripping chisel
Armature winder
Coil winder
External Growler
Insulation former
Coil shapers
Stator
Field Coil

Printed Material:
Electric Motor Repair, Rosenburg, Robert, 2nd Ed., Rinehart Press, San
Francisco, 1970
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Date: Date Published: 11/15/74

Family Pay Number: Sex: M F (Circle 1)

PERFORMANCE CHECKLIST:

OVERALL PERFORMANCE: Satisfactory Unsatisfactory

CRITERION
Met Not Met

Objective 1:

1. Follows safe practices and procedures.

Criterion: No injury results to the student or the

equipment and complies with OSHA requirements

2. Follows proper procedures for disassembly.

Criterion: No damage results to the stator or field coil

3. Rewinds a stator and field coil.

| Critericn: When repaired. the stator or field coil functjons

according to the manufacturer's specifications.

4. Reassembles the stator and field coil properly.

Criterion: Functions according to the manufacturer's

specifications and the procedures followed agree

L with those described in the service literature.

——f e e

5. The repaijred stator and field coil is repaired in

a neat, professicnal manner.
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(Checklist continued)

78.01.02.00.A1-5

CRITERION
Met

Not Met

Criterion: No damage results to the stator and field

coil such as opens and shorts.

6. All connections and fastenings are properly completed,

Criterion: The stator and field coil connections complies

with the manufacturer's specifications. The

connections are mechanically fastened and

structurally sound. The connectiop is

electrically fastened and free of defects.

7. Stator or field coil functions according to the

manufacturer's specifications.

. _Criterion: Manufacturer's specifications... ...

! 8. Uses appropriate repair part and supplies. __

’-

Criterion: They match exactly those 1isted in_the

manufacturer's specifications.

Objective 2:

9. Uses coil-stripping tool to remove coils.

Criterion: Proper equipment application results in a

defect-free operative motor.

the armature.

10. Uses armature winder, if appropriate, when winding |

ok
e
()
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(Checklist continued)

78.01.02.00.A1-5

CRITERION

Met

Not Met

Criterion: Proper equipment application results ih a

defect-free operative motor.

11. Uses coil winder, when winding field coil

Criterion: Proper equipment application results in a

defect-free operative motor.

12. Uses insulation former, when insulating.

Criterion: Proper equipment application results in a

defect-free operative motor.

13. Uses coil shaper,on the field coils.

Criterion: Proper equipment application results in a

defect-free operative motor.

- e

Objective 3:

14. Test for grounds, using growler or ohmmeter.

Criterion: Trouble-shooting techniques reveal the

malfunction, as identified by Assignment Sheet.

R )

15. Test fnr shorts in the field coils, using a growler.

16. Test for shorts in the stator coil, using a growler,

17. Test for an open field coil or stator using an

ohmmeter.

Criterion: Trouble-shooting techniques reveal the
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e b6
(Checklist continued)

CRITERION
Met Not Met

malfunction, as identified by Assignment Sheet,

18. Job is completed in _a reasonable amount of time.

Criterion: Not to exceed 4 hours.

| The student sfull lete 16 out of 18 line items

to achieve an overall score of satisfactory.

bk
<A
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)? Mountain-Plains Education &

Econoniic Development
Program, Inc.

Learning CExperience Guide

UNIT: SPLIT-PHASE INDUCTINN MOTORS

Glasgow AFB, Montana 592

RATIONALE:

The split-phase induction motor is used as a drive motor in many
appliances on the market. Because these appliances are so commonly
used, a motor repairman must know how to repair their mechanical devices
and electrical systems.

PREREQUISITES:

Unit: 38.01.02: Rewinding

OBJECTIVE:
Troubleshoot, repair, and rewind split-phase induction motors using
appropriate tools, equipment, and procedures. Identify parts, oper-

ational characteristics and procedures for diagnosis and repair of
split-phase induction motors.

RESOURCES :

GENERAL INSTRUCTIONS:

This unit consist of 5 Learning Activity Packages (LAPs). Each LAP will
provide specific information for completion of a learning activity.

The gesneral proc.dure for this unit is as follows:

(1) Read the first assigned Learning Activity Package (LAP;.

(2) Begin and complete the first assigned LAP.

(3) Take and score the LAP test.

{4) Turn in the LAP test.

(5) Determine the reason for any missed items on th~ LAP test.

(6) Proceed to and complete the next assigned LAP in the unit.

(7) Complete all required LAPs for the unit by following steps
3 through 6.

(8) Take the unit tests as described in the Unit LEG “Evaluation
Procedures".

(9) Proceed to the next assigned unit.

Principal Author(s): T. Ziller
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PERFORMANCE ACTIVITIES:

.01 Work Oxder.

.02 Operation of the Split-Phase Induction Motor.
.03 Split-Phase Induction Motor Construction.

.04 Troubleshooting Split-Phase Induction Motors.
.05 Repairing Split-Phase Induction Motors.

EVALUATION PROCEDURE:

When Pretesting:

1. The student takes the unit multiple-choice pretest.

2. Successful completion is 4 out of 5 items for each LAP part
of the pretest.

3. The student then takes a unit performance test if the unit
pretest was successfully completed.

4. Satisfactory completion of the performance test is meeting

the criteria listed on the performance test.

When post testing:

1. The student takes a multiple-choice unit post test and a unit
performance test.

2. Successful unit completion is meeting the listed criteria for
the performance test.

FOLLOW-THROUGH :

After completing this guide, you are ready to begin the first LAP. Your
instructor will help you with any questions you may have.

32
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Date: — Data Published: 12-12-74

UNIT PRETEST: SPLIT-PHASE INDUCTION MOTORS

78.61.03.01

1. What is the purpose of the completion date on a work order for a split-phase
induction motor?

so the customer can't complain

always leave blank

only used if it's routine

to inform customer the day the job was completed

on oo

2. The job description on a work order for a split-phase induction motor is:

not required

a description of the customer
a description of the trouble
a description of parts used

on oo

3. What purpose does a work order for a split-phase induction motor serve?

a. itis a record for the instructor to know who did the work

b. it is a record of what's been done, who did it, and who it belongs to
c. it is added paper work

d. it is soa more accurate inventory can be kept

4. What is meant by total cost on a work order for a split-phase induction motor?

cost of two or more parts

grand total

cost of each

cost of all parts used per unit cost

Qo oo

5. Should you always double check the customers description of the malfunction
on a work order for a split-phase induction motor?

only on certain occasions

the customer is always right
only if the customer requests it
yes, to verify the malfunction

o0 ogw
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78.01.03.02

6. What is the function of the centrifugal switch on a split-phase induction motor?

a. connects the start winding to run winding when it reaches approximately
75% of full speed

b. to disconnect the start winding when it reaches approximately 75% of full
speed
c. to disconnect the run winding when it reaches approximately 75% of full speed

d. to connect the run winding to start winding when it reaches approximately
75% of full speed

7. On a split-phase induction motor which end plate should be taken off first?

bottom plate

front end plate
shaft end plate
rear end plate

o0 oo

8. Which end of a split-phase induction motor has two punch marks on the stator
housing?

the rear endplate
the shaft end
both ends

on the shaft

ooow

9. How would you change the rotation on this split-phase induction motor?

a. T8toT5 FitoT4 -'!E—TB
b. T8toT4, T1toTl RW SW
c. T8toT1, TutoT5S To line
d. T8toT4, T1 75
T o

10. Where is the squirrel cage winding found en a split-phase induction motor?
(see Figure #1) '

Qo ggo
NE W -




SPLIT PHASE INDUCTION MOTOR

Diagram 1 for question 10

160
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78.01.03.03

11.

The start winding on a sp!it-phase induction motor is located between:
3

Q6 oo

12. How many sets of winding on a split-phase induction motor make one poie?
a. 3
b. 2
c. 4
d. 1

13. The centrifugal switch on a split-phase induction motor is represented betwecn:
a. 1-4
b. 1-2
c. 4-5
d. 3-4

14. On a split-phase induction motor, why is there more current on the initial
start than after it is running?
a. the windings are in parallel
b. the windings are in series
c. it has the same amount of windings in the start as run windings
d. it has more windings in the start winding than the run

15. The run winding on a split-phase induction motor is located between:
a. 3-4
b. 1-4
c. Uu-5
d. 1-2

78.01.03.04

16. A broken centrifugal switch will cause the split-phase induction motor to:

not start

slow in starting

run faster than normal
run slower than normal

o n g

[WY
o
o
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78.01.03.904 (continued)
17. If the split-phase induction motor won't start, it is probably a:

loose bearing
loose end bell
bad start winding
bad run winding

O n oo

18. In the schematic below, the split-phase induction motor:

To line
a. is in starting position
b. has reached 75% of normal speed .
To line
c. none of the above
d. reached 25% of normal speed e 5

19. If a shaft on a'split-phase induction motor does not rotate freely, this indicates:

rotor out of balance

too much end play

bad bearings

centrifugal switch closed

o0 oo

20. In which schematic below is the split-phase induction motor i the starting
position?

on oo
oW -

33 33 =

78.01.03.05
21. How is a skein winding made on a split-phase induction motor?

the coils are formed on blocks than laid into the slots, one at a time
one wire is laid into ezch coil slot at a time

one long coil is formed on two pegs

one wire is laid into the slots, at a time

O n ow
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78.01.03.05 (continued)

22. Each pole of a split-phase induction motor covers:

a 160 electrical degrees
b. 180 electrical degrees
c. 120 electrical degrees
d. 90 electrical degrees

23. Voltage changes by means of reconnections on a split-phase induction motor are:

always possible

not always possible

on four pole series connected motor
on six pole series connected motor

Q0 g

24. !n rewinding a split-phase motor, the turns ratio depends on:

a. span of the coil

b. the number of turns per coil
c. the pitch

d. the cord factor

25. A skein winding on a split-phase induction motor is used mainly for:

run windings

start windings

both run and start windings
deceleration windings

ocoogo
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. Mountain-Plains Educstion &
<& Feonomie Development
Program, Ine,

Learning Activity Package

Studont:

CGlusgow AN, Monlane 69231

Date:

PERFORMANCE ACTIVITY: . Work Order

OBJECTIVE:

Properly fill out a work crder.
Identify the types of work order entries and their purpose.

EVALUATION PROCEDURE:

Correctly answer at least 80% of the multiple-choice test items.
Completed work order must meet the criteria of thc attached checklist.
RESOURCES:

Work order (example attached)
NOTE: Multi-copies

Checklist
PROCEDURE :
Steps
1. Obtain a copy of a work order card.
2. Using the checklist, fill out attached work order form.
3. Have the instructor evaluate the completed form.
4. Take the L2 test.

Principal Author(s}: 1. ziller

O

[y
(™
Wi



Page 2 78.01.03.01.A2-0
Work Order Checklist

The following are steps to check when filling out a work order.

1. Fill in work order number.
2. Fill in date received (the day the motor comes into the
shop) .

3. Fil! in date the job is completed (when completed).

4. Fill in customer's name and address.

5. Enter type of equipment, telephone number, model and
name.

6. Briefly describe the malfunction.

7. Estimate cost of material and hours to complete job.

8. Enter the total hours it took you to complete the job.

9. Number of hours times labor per hour (enter this total

in Block 11).

10. Enter all material used to repair motors (example:
2 ea. bearing EM249 Unit cost 83 cents. Total costs
$1.66) .

11. Name of person completing work.

12. Instructor's signature upon completion and final check
out.
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MOUNTAIN PLAINS Building Trades
1. Work Order 3. Needed By
2. Date Received 4. Completed

9. Estimated Cost

8. Job Description

78.01.03.01.A2-0

Department 90
5. Customer
6. Address

7. Telephone

Labor per hour $8.00

10. Number Hours

11. Total

12. Number Material Description

Unit Cost Total Costs

13.

14, Completed By

(Participant's Signature)

15.

( instructc~'s signature)

Grand Total
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\ LAP TEST: WORK ORDER
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78.01.03.01

1. What is the purpose of the completion date on a work order?

so the custorier can't complain

only used it its routine

always ieave blank

to inform customer the day the job was completed

[o NN o T o 2 + )

2. On a work order the job description is:

a description of the trouble
a description of the customer
not required

a description of parts used

o oW

3. Should you always double check the customers description of the malfunction
on a work order?

a. only if the customer requests it
b. the customer is always right

c. yes, to check for accuracy

d. only on certain occasions

4. On a work order is it necessary to know the number of hours worked on a
project?

a no, it is part of parts cnst

b. vyes, for self satisfaction

c. vyes, for totaling labor costs on grand total

d. only if you are trying to do it faster then somcone else

5. What is meant by total cost on a work order?

total cost

cost of all parts used per unit cost
cost of each

grand total

an oo
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78.01.03.01 (continued)

6. When do you fill out a work order card?

a. after the motor is left in the shop and the customer is gene
b. after it is tested

c. while the customer is present

d. never

7. Whose telephone number is used on the work order?

your home number

the shop's number where you are working
not required

customer's number

Qo oo

8. What is meant by unit cost on a work order?

a. cost of two if two are used
b. total cost

c. cost of each item

d. grand total

9. Why is the date received important on a work order?

you work on the oldest routine order
it is used only if it's routine

it makes no difference

you always leave blank

Q0 oo

10. When would you put something in the "needed by" block on a work order?

a. ifit's neeced immediateiy
b. only if it is routine

c always fill it in

d. you always leave blank

1€9



LAP TEST ANSWER KEY: 78.01.03.01.A2-2

WORK ORDER
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Student:

Date:

PERFORMANCE ACTIVITY: @gration of the Split-Phase Induction Motor

OBJECTIVE:

Describe the operation of a split-phase induction motor.
Identify operational characteristics of the split-phase induction motor.

EVALUATION PROCEDURE:

Successfully complete at least 80% of the items on a multiple-choice
test about this LAP.

RESOURCES :

Split-phase induction motor.

Electric Motor Repair, by Robert Rosenburg, pages 3-4.

Introduction to Power Technology: Principles of Electric Motors, Vega,
pages 20-23.

motor test analyser

PROCEDURE :
Steps

1. Read p~g2s 3-4 in Electric Motor Repair.

2. Complete experiment #1, "Split-Phase Induction Motors' in
Introduction to Power Technology.

3. Write a description on the motor's operation using simple
electrical schematics.

4. Take the LAP test.

Principal Author(s): T. Ziller

ERIC
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LAP TEST: OPERATION OF THE SPLIT-PHASE INDUCTION
MOTOR

78.01.03.02

1. On a split-phase induction motor, why is there more current on initial start
than after it is running?

the windings are in parallel

it has the same amount of windings in the start as in the run windings
the windings are in series

there are more windings in the start winding than in the run

anoow

~

2. On a split-phase induction motor the centrifugal switch is located between:
(see diagram)

3
a. 3-4 1
b. #4-5
c. 1-4

5

3. The squirrel cage winding on a split-phase induction motor consists of heavy
copper bars located in the:

laminating iron cores in the stator
laminating iron cores in the rotor
centrifugal switch

shaft

n O oo

4. At the start, the current flowing through both the run and start windings
of a split-phase induction motor causes:

centrifugal force

the centrifugal switch to close
a magnetic field

the rotor to turn

on0oo

5. The run winding on a split-phase induction motor is located between:
(see diagram in question #2}

[o NN o TN @ R ¥
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78.01.03.02 (continued)

6. The start winding in a split-phase induction motor is located batween:
(see diagram in question #2)

o n o w
— -
|

7. How would you change the rotation on this split-phase induction motor?

a. T8toTl, T4to TS5 T8
b. T8toT#, Tlto T4 I 11
c. T8toT5, TltoT4 To AC Line RW SW
d. T8toTy4, T1to TS5 L Ty
T _~ ‘

8. How are the coils connected in a two-pole motor run winding?
B to D, A and C to power line

A to C, B and D to power line

B to C, A and D to power line

A to D, B and C to power line B D

9. In the schematic of the run and start windings on a split-phase induction
motor where would the centrifugal switch be placed?

Q0 oo

To iine

00 oo

10. Where is the connection diagram located on the split-phase in-uction motor?

on inside of end bell
on the stator

data piate

on centrifugal switch

Qn oo
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OPERATION OF THE SPLIT-PHASE INDUCTION MOTOR
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PERFORMANCE ACTIVITY: Split-Phase Induction Motor Construction

OBJECTIVE:

Given the necessary tools, disassemble a split-phase induction motor
according to: (1) manufacturer's specifications and (2) following
procedures and practices accepted in the industry. Identify and label
the main parts of a split-phase induction motor.

EVALUATION PROCEDURE:

Disassembly procedure meets criteria of attached checklist. Identifi-
cation of main parts, matches the illustration. Successfully complete
at least 80% of the items on a multiple~-choice test about this LAP.

RESOURCES :

Split-phase induction motor.

Illustration of = split-phase induction motor. {(attached)
Basic tools split-phase induction motor.

Electric Motor Repair, by Rober: Rosenburg.

PROCEDURE:
Steps
1. Read pages 1-3 in Electric Motor Repair.
2. Follow the attached checklist for disassembly.
3. Take the LAP test.

Principal Author(s): T. Ziller
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CHECKLIST FOR DISASSEMBLY: SPLIT-PHASE INDUCTION MOTOR

1. Mark stator and end bell.
NOTE: Refer to the attached exploded view.

2. Using proper hand tools, remove nuts and bolts (don't
lose nuts and bolts).

3. Remove end beils from stator.
4. Remove rotor from the stator.
5. Identify each component part of the motor by labeling

using masking tape.
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SPLIT PHASE INDUCTION MOTOR

Cover Plate for Loads

Fats Piate

A SPLIT PHASE INDUCTIOI; MOTOR

Front End Ball (End Plote)

Rotating Mochaniym of a Contrifugal 8witch

Bimetal Overioad Protector

Stationaery Mechanism o
o Cenirifugal Switch

Siceve Bearing
(Hall Rearing)

v Rear End et
(Rear End Piniz)
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’ \‘lﬁ N\ \\__ LAP TEST: SPLIT-PHASE INDUCTION MOTOR CONSTRUCTION
78.01.03.03
1. Where is tt.  guirrel-cage winding found on a split-phase induction motor?

a inside stator

b. inside the rotor

c. inside front end plate
d. inside rear end plate

2. On o split-phase induction motor of the two windings inside the stator, which
is the run winding?

a. the thin flat bars on the rear endplate
b. the smaliest diameter wire

c. the largest diameter wire

d. heavy copper bars

3. What is the function of the centrifuga!l switch on a split-phase induction motor?

a. to connect the run winding to start winding when it reaches approximately
75% of full speed

b. to connect the start winding to run winding when it reaches approximately
75% of full speed

c. to disconnect the start winding when it reaches approximately 75% of full
speed

d. to disconnect the run winding when it reaches approximately 75% of fuli
speed

4. Where should the punch marks be on a split-phase induction motor?

a. ontop

b. in line with each other
c. on bottom

d. any place

5. Where is the stationary switch located on a split-phase induction motor?
(see diagram

a. 1N
b. 10
c. 3
d. 2




SPLIT PHASE INDUCTIGN MOTOR




Page 2 78.01.03.03.A2~2

78.01.03.03 (continued)

6. What type of bearing is normally found in split-phase induction motor?

sleeve bearing
swivel bearings
roller bearings
ball bearings

Q0 g o

7. What functions does the end plate serve on a spiit-phase induction motaor?

a. to hold the shaft

b. to house the bearing and keep the motor in position
c. to have some place to put oil

d. to hold the bearing

8. Whot items make up the rotor assembly on a split-phase induction motor ?
{se. diagram)

a. 3,4,7
b. 3,4,5
c. 2,4,7
d. 2,3,4

9. On a split-phase induction motor which end plate should be taken off first?

bottom plate

shaft end plate
rear end plate
front end plate

cn oo

10. Where are the bearings located on a split-phase induction motor? (see diagram)

a. 1 and1ll
b. 2and?7
c. 2and 8
d. 3and 6
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SPLIT-PHASE INCUCTION MOTOR CONSTRUCTION
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PERFORMANCE ACTIVITY: Troubleshooting Split-Phase Induction Motors

OBJECTIVE:

Correctly troubleshoot a split-phase induction motor following the
recommended procedures for locating the troubled area as given in the
attached checklist.

EVALUATION PROCEDURE:

Instructor will confer with student to acknowledge if correct diagnosis
was made. Successfully complete at least 80% of the items on a multiple-
choice test about this LAP.

RESOURCES :

Checklist for troubleshooting a split-phase induction motor.

Tools, test equipment, work order form and a split<phase induction
mo tor.

Service Manuals for the Motor.
Electric Motor Repair, by Robert Rosenburg, pages 4-5.

PROCEDURE:
Steps
1. Review pages 4-5 in reference Electric Motor Repair.
2. Follow the checklist for troubleshcoting an appliance. (Attached)
3. Complete the LAP test.

Principal Author(s): T. Ziller
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CHECKLIST FOR TROUBLE-SHOOTING: SPLIT-PHASE MOTOR

1.

Make a thorough visual inspection.

if the motor sparks badly, check for:

SO "0oQa0 oo

Shorted field poles (Ohmmeter) (Growler) .
Wrong lead position on the commutator
Open armature coils (Ohmmeter) .

Shorted armature coils (Growler).
Reversed coil leads.

Worn bearings

High mica.

Wrong direction of rotation.

If the motor runs hot, check for:

~0Qnoo

Worn bearings.

Dry bearings

Shorted coils (Growler) .
Overload (Ammeter)
Shorted fields (Growler)
Brushes off-neutral

if the motor smokes, check for:

woaonoTe

Shorted armature (Growler)
Shorted fields (Growier)
Worn bearings

Wreong voltage (Voltmete™)
Overload

If the motor has poor torque, check for:

a
b
c.
d

Take a resistance reading on the motor field windings.

Shorted coils (Growler)
Shorted fieid (Growler)
Wrong brush position
Worn bearings

reading on the armature coils. (Record values).

123

Take a resistance
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7. Plug the motor into 115V AC power source.

8. Take a voltage reading on the motor terminals. (Record value). Compare
with manufacturer's name plate.

9. Using an ammeter take a current reading on the motor. (Record value) .
Compare with manufacturer's name plate.

10. Disconnect from AC power.
11. Connect fields to a low D.C. voltage.

12. Use a compass and check for polarity.
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LAP TEST: TROUBLESHOOTING SPLIT-PHASE INDUCTION MOTORS

78.01.03.04

1.

To determine whether a winding on a split-phase induction motor is grounded,
you would connect a test lamp between:

one test lead to the centrifugal switch and one to the power lead
test lead in series with the run or start windings

one test lead to the rotor and one to the power line

one test lead to the power lead and other lead to the core

c.O O

On a split-phase induction motor, how many poles does this schematic represent?

a. two
b. six
c. eight
d. four

If you get a shock when you touch the frame of the split-phase induction motor, it:

a. will not operate
b. has a short

c. is grounded

d. is open

When the split—phase induction motor hums, but does not run, the probable cause
is:

a. the znd bells are improperly mounted
L. badly worrn bearings

c. a defective autotransfcrmer

d. an opened start or run winding

In which schematic below is the split-phase induction motor in the start
position?

a. 3
b. 1
c. 2
d. &4
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78.01.02.04 (continued)

6. If a split~phase induction motor does not start, the possible cause is a:

bad start winding
loose bearing

bad run winding
loose end bell

an oo

7. A shaft on a split-phase induction motor that does not rotate freely indicates:

the centrifugal switch is closed
too much end play

the rotor is out of balance

bad bearings

[o NN o TN o I )

8. A split-phase induction motor that runs slower than it's normal speed indicates:

bad start winding

short run winding

short squirrel cage winding
bad centrifugal switch

oo

9. What is used to test for grounds on a split- phase induction motor?

a. growler
b. ohmmeter
c. amp probe
d. voltmeter
10. In the schematic below, the split-phase induction motor:
a. wiilnotrun
b. none of the above
c. is in starting position
d. has reached 75% of normal speed

To AC line %

|
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TROUBLESHOOTING SPLIT-PHASE INDUCTION MOTORS
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PERFORMANCE ACTIVITY: Repairing Split-Phase Induction Motors

OBJECTIVE:

Repair, service and reassemhle a split-phase induction motor following
the steps for repair, service and reassembly given in the attached
checklist, and correctly fill out purchase requisition if necessary.
Idern:cify repair, service and reassembly techniques.

EVALUATION PROCEDURE:

The appliance must operate properly. vThe student must correctly fill
out purchase requisition. Successfuily complete at least 804 of the
items on a multiple-choice test about this LAP.

RESOURCES:

Checklist for repair, service and reassembly of the motor.
Test equipment, tools, work order form and requisition form.
Split-phase induction motor.

Service Manuals for the Motor.

Electric Motor Repair, by Robert Rosenburg, pages 37-49.

PROCEDURE:
S5teps
1. Follow the checklist for vepair, service and reassembly of a

motor. (Attached)
NOTE: Refer to the attached expioded view of a split-phase
induction moto:i .
2. Complete the multiple-choice test item test for this IAP.

Principal Author(s): T. Ziller

ERIC 198
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CHECK LIST
Ordering Replacement Parts
The following are steps to check when filling out an order form for

a replacement part. If any steps listed do not apply to the order
blank to be used, ignore them.

1. Fill out the number of replacements needed for that
particular item in the quantity blank.
2. Whrite in the entire parts number from catalog.

3. Fill in the ma ufacturer's brand name in the appropriate
space.

4. Whrite in a brief description or name of the item in the
appropriate space.

5. List the price of each item on order form from catalog.

6. List the total price of all units combined. (multiply quantity
by price of each).

7. List the page number in the catalog in which the part was found.

8. Write in the shipping weight of the total quantity desired of
each item.

9. Write in appropriate blank the catalog number located
usually on front cover.

10. Total the amount of all goods and fill in correct blank.
11. Determine total shipping weight of all items and fill in blank.

12. From charts, determine cost of shipping and insurance for
total amount of parts and fill in. '

13. Determine sales tax on the total amount of goods and fill in.

14. Add cos* of insurance and shipping, sales tax, and total
price of goods together and record on order form.




78.01.03.05.A2-0

15, W~ite on order form person or firm to ship to.
16. Write address to be shipped to.

17. Write city to be shipped to.

18. Whrite state to be shipped to.

19. Write ZIP code to be shipped to.

20. F’11 in date form is completed.

21, Fill out blanks on methods or ways items are to be shipped.

o 190




8PLIT PHASE INDUCTION MOTOR

Cover Piate for Leada

A SPLIT PHASE INDUCTION MOTOR

_, Front End Bell (End Piate)

Rotor

A ‘» ) (S— Rotating Mechaniom of @ Contrifugal Switch
», -
y YN 2

Stator

dmetal Overioad Pretector

Stotionary Mechanist of
a Contrifugal Sxitch
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Service Checklist for Split-Phase Induction Motor

1. Lubricate bearings (30W oil for sleeve bearings, general purpose lu-
bricating grease for ball bearings).

2. Insure that rotating mechanism of the centrifugal switch on the rotor
is not binding.

3. Check contact points on the stationary mechanism of the centrifugal
switch for cleanliness.

4. Insure that all leads to stationary centrifugal switch are tight.

Bearing Replacement Checklist for Split-Phase Induction Motor

1. Using proper tools, remove bad bearing.
2. Replace using proper tools. Ream to fit if necessary.
3. Lubricate new bearing.

CENTRIFUGAL SWITCH REPLACEMENT FOR SPLIT-PHASE INDUCTION MOTOR

1. Label all leads and remove from switch.
2. Remove centrifugal switdi.
3. Install new switch, reconnect all leads.

Checklist for Reasszmbly of Split-Phase Induction Motor

1. Gent:y set wntor inside stator.

2. ___Align end bells with punch marks.
3. ___ Insert bolts and tighten.

4. __ Connect motor to power source.

5. Refer to exploded view.
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e AN \ L AP TEST: REPAIRING SPLIT-PHASE INDUCTION MOTORS
k ~ ' i '

7€.01.03.05
1. How is a skein winding made on a split-phase induction motor?

one wire is laid into the slots at a time

on# long coil formed on two pegs

one wire is laid into each coil slot at a time

coils are formed on blocks then laid into the slots, one at a time

an gw

2. To connect the moter for 230 volt operation (see diagram) which leads must
be connected?

T8,T2,T4 together, T3, T5--one side, T1--other side of iine
T8,T2,T3 together. T4, T5--one side, T1--other side of line
T8,T3,T2 together, T4, T1--one side, i 5--other side

T8,T3,T1 together, T4,T5,T2--one side, T1--other side of line

[T o N o 2l

T8

SW

il

TS

3. To connect the motor for 110 volt operation (see diagram) which feads must be

connected?

a. T8,T3,Tu together on one side of line, T4,T5,T1--other side

b. T8,T3,T1 together on one side of line, T4,TS,T2--other side of line
c. T8,T2,T2together, T4, T5--one side, T1--other side of line

d. T8,T2,T5 together to one side of line, T4,T5,T3--other cide

4. Skein wind on a split-phase induction motor is used mainly for:

start windings

intermediate windings

run windings

it is used the same on all windings

00 oo
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78.01.03.05 {continued)

5. In making a form winding for a split-phase inducticn motor the first thing to do
is-
a. wind your coils on 2 pegs then lay into siots
b. calculate the size of the forms
c. count number turns per coil
d. insulate the slots first

6. In rewinding on a split-phase induction motor for a change of vultage from 115
V to 230 V, the turns per coil would be:

one haif originat turns
doubled

remain the same
larger span

Qn oo

7. Rewinding for a change of voltage on a split-phase induction motor you change:

connections

wire size

number of turns

wire size and number of turns

an oo

8. In dual voltage motor 225V-236V the run winding is connected in for 230V.

a. parallel

b. series with start winding
Cc. series

d. paraille! with start winding

9. When r~vinding a split-phac2 induction motor, the size of copper wire is
designatect by:

a micrometer
a wire gauge
its radius
its diameter

Q0 oo

10. Wher rewinding a split-phase induction motor, which number would indicate
the largest size wire?

a. 16
b. 19
c. 29
d. 31
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RFPAIRING SPLIT-PHASE INDUCTIGN MOTORS
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SPLIT PHASE INDUCTION MOTOR

Diagram 1
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*‘W UNIT POST TEST: SPLIT-PHASE INDUCTION MOTORS

78.01.03.01
1. When do you fill out a work order card when repairing an electric motor?

after the motor is left in the shop and the customer is gone
after it is tested

while the customer is present

never

Qaooo

2. When would you put something in the "needed by" block of a work order when
repairing an electric motor?

always fill it in

always leave blank

only if it's needed immediately
only if it is routine

Qo oo

3. What is meant by unit cost on a work order when repairing an electric motor?

the grand total

the cost of each item used

the tota! cost

the cost of two if two are used

0nTo

4. Why is the cate received important on a work order when repairing an electric

motor?

-. it makes no difference

b. only if its routine is it important

c. identifies the oldest routine order to work on
d. always leave blank

5. When repairing an electric motor, why is it necessary to know the number of
hours on a work order that you worked on a particular project?

so the employer can make a profit

so the customer is not overcharged for labor
so the customer is not under charged

so the secretary can keep the books straight

o 0Oocoe
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78.01.03.02

6.

10.

Where are the bearings located 0.1 a2 split-phase induction motor? (see diagram 1)

2. 7and 6
b. 2 and 10
¢. 2and 8
d. Zand?7

Ywhat functions does the end plate on a split-phase induction motor serve?

to have some glace to put oil

te hold the shaft

to house he bearing and keep the motor in position
to hold the bearing

on o

Where is the squirrel-cage winding on a split-phase induction motor found?

a inside the rot-

b. inside the stator

c inside the front end plate
d. inside the rear end plate

What is the proper connection of this 4 pole motor of the run winding?

BtoD, CtoE, FtoH, A and G to power line
BtoC,DtoE, FtoG, A and H to power line
BtoH, CtoG, F to F, D and E to power line
AtoD, BtoE, CtoG, E and H to power line

oo Qoo

Where is the stationary switch located on a split-phase induction motor?
(see diagram)

[o N o TN o 2 *1
)
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78.01.03.03

11.

12.

13.

14.

15.

The squirrel cage winding of a split-phase induction motor consists of heavy
conpar bars located in:

a. laminating iron cores in the rotor
b. the shaft

c. laminating iron cores in the stator
d. the centrifugal switch

At the start, the current flowing through both the rui and start windings of
a split-phase induction motor causes:

centrifugal force

magnetic fields

the rotor o turn

the centrifugal switch to close

N o B o 2

What other name is used to refer to start winding on a split-phase induction motor?

main winding
auxiliary winding
squirrel cage winding
run winding

Qoo

In the diagram, the centrifugai switch of a split-phase induction motor is located
between:

a. 3-4 3
b. 4-5 !
(of 1-4
d. 1-2
2
5

In the run winding of a split-phase induction motor, how many poles are there?

anouo
NW s -

2010
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78.01.03.04

16.

If the start winding of a split-phase inductior motor remains in the circuit, the:

start winding is shorted
centrifugal switch is not closing
centrifugal switch is not opening
contact points are burnt

aooTw

17. When the internal wires are touching the iron cores of the rotor or stator
on a split-phase induction motor, this is called:
a. an opencircuit
b. a short
c. aground
d. an internal short

18. To determine whether 2 winding on a sptit-phase induction motor is grounded
while using a test lamp you would:
a. connect one test lead to the rotor and one to the power line
b. connecttest lead in series with the run or start windings
c. connect one test lead to centrifugal switch and one to power lead
d. connect one test {ead to power lead and other lead to core

19. What is used to test for grounds on a split-phase induction motor?
a. ohmmeter
b. growler
c. amp probe
d. voltmeter

20. If a split phase induction motor runs slower than it's normal specd; there is a:
a. short in the squirrel cage winding
b. bad centrifugal switch
c. short in the run winding
d. bad start winding

78.01.03.05
21. In rewinding a split-phase induction motor effective turns depend on the:

a. spand of coil

b. numbers of turns
c. chord factor

d. pitch

201
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78.01.03.05 (continued}

22. The size of copper wire used in a split-phase induction motor is designated by:

a. micrometer
b. diameter

c. wirgauge
d, racgius

23. In making a form winding for a split-phase induction moter the first thing to do is:

insulate the slots first

wind your coils on 2 pegs then lay into slots
obtain the size for the forms

count number turns per coil

a O oW

24. Skein wind on a split-phase induction motor is used mainly for:

start windings

intermediate windings

run windings

it is used the same on all windings

an oo

25. To connect motor for 110 volt eperation:

a. T8,T3.Ti together on one side of line, T4,75,T2 - other side of line
b. T8,T3, T4, together on one side uf line, T4,T5,71 - other side
c. T8.T2,6T3together, T4, TS -- one side, T1 - other side of line
d. T8,T2,TS together to one side of line, T4, T5,T3 - other side
T8
I 3R
T2 SwW
TR
TS
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Stadant: . rieloge: UV VIV

. Date Published: _11/15/78

Family Pay Number: Sex: M F (Circle 1)

UNIT PERFORMANCE TEST: SPLIT-PHASE IHDUCTIOW MOTORS

OBJECTIVE 1:

Given a malfunctioning split-phase motor, the student will service and repair motor
so that it functions according to the manufacturer's specifications, following
safe practices and procedures.

OBJECTIVE 2:

Using appropriate tools ard test equipment the student will take shorts and
open tests.

OBJECTIVE 3:

Using appropriate equipment, the student will rewind a faulty split-phase
moto: .

OBJECTIVE 4:

Using appropriate tocls and test equipment, the student will calculate and
record amperage, voltage, resistance and wattage of a split-phase motor.

TASK:
The student will service and vepair a split-phase motor and, in the prouess,

he will make shorts and open and grounding tests, usfng appropriate test
equipment.

ASSIGNMENT:

204



Page 2 78.01.03.00.A1-5

CONDITIONS:

The student will be given a malfunctioning spiit-phase motor (it may be bugged

by the instructor or it may be one brought in by a customer). He will be

required to service and repair the motor in conditions similar to those in a typical
motor repair shop. He wiil be allowed tc use any and all tools, equipment,

service manuals, text books, etc., commoniy found in a repair shop. He must
complete it in a reasonable length of time with no assistance from the instructor(s)
or students.

RESOURCES:

Tools:
Internal-external snap ring pliers
7-Piece nut driver set
Tool box 18 x 8 x 9
Circular gauge
Hacksaws
Pulley puller
Arc joint pliers
Lineman's pliers
Diagonal cutting pliers
Llong chain-nose pliers
Coil tamping pliers
Locking plier wrench
§-Piece standard set screwdviver
Center punch
Cold chisel
Ball peen hammer
Lug crimpers
Wire skinner and straightener

Equipment:
Coil stripping chisel
Armature winder
Coil winder
External Growler
Insulation former
Coil shapers
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Cate: Date Published: 11/15/74
Family Pay Number: Sex: M F (Circle 1)
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PERFORMANCE CHECKLIST:

OVERALL PERFORMANCE: Satisfactory Unsatisfactory

CRITERION
Met Not Met

Objective 1:

1. Follows safe practices and pracedures.

Criterion: No injury results to the student or the

equipment and complies with OSHA requirements

2. Follows proper procedures for disassembly.

e B

Criterion: No damage results to the motor.

3. Diagnosis and troubleshoots malfunctions properly.

Criterion: When repaired, the motor functions according

to the manufacturer's specifications.

e e e —— e

4. Reassembles the motor properiy.

Criterion: Appliance functions according to the manufect#rer's
T

specifications and the procedures followed aatee

114

with those described in the service literature.

5. The repaired motor is repaired in a neat,

professional manner.

, 23{){;



{Checklist continued)

CRITERION
Not Met

Met

Criterion: No damage results to the motor such as opens

and shorts.

6. A1l connections and fastenings are properly completed.

Criterion: The motor connection complies with the

manufacturer's specificatigns, The connection

are mechanically fastened and structurally

sound. The connection js electrically fastene

and free of defects.

7. Motor functions according to the mapufacturer's

specifications.

Criterion: Manufacturer's specifications.

8. Uses appropriate repair part and supplies. ___

Criterion: They match exactl; those listed in the

manufacturer's specifications.

Objective 2:

—————— .}

—————— A

9. Test for grounds, using growler or millivolt meter.

10. Test for shorts in the field coils, using a growler.

11. Test for an open field coil, using an ohmmeter.

12. Test for reversed coils, using a compass or bar

i
|
|
|
P
|
!

magnet test.

oo
¢~
~J
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5
(Checklist continued)

CRITERION
Met Not Met

Criterion: Trouble-shooting techniques reveal the malfunctior.,

as identified by job sheet.

Objective 3:

13. Uses coil-stripping tool to remove coils.

14. Uses coil winder, if appropriate, when winding

field coil.

15. Uses insulation former, if appropriate, when

insulating.

16. Uses coil shaper, if appropriate, on fie]d coils.

Criterion: Proper equipment application results in a

defect-free operative motor. ..  __

Objective 4:

17. Uses test equipment properly.

18. Wattage readings are accurate.

o i s et e e . [P S

L__ 19. Voltage readings are accurate.
|

20. Amperage readinas are_accurate,

21. Resistance readings are ac-urate,

Criterion: Manufacturer's specificatiuns.

22. When applicable, mathematical calculations are correct.

| Criterion: AC/DC Circuit Manuals, Westinghouse

A2
o
03
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OVl UIS.UULAITI

Met

CRITERION
Not Met

23. The motor is repgired in a reasonable time,

Criterdon: Not to exceed 4 hours.

The student must successfully complete 20 gut of 23 line items

to achieve an overall score of satisfactory.

e ———— -
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Mountuin-Plains Education &
Economic Development
Program, Ine.,

Llearning Experience Guide

UNIT: CAPACITOR MOTORS

Glasgow AFRB, Montana 592

RATIONALE:

Capacitor motors are basically split-phase motors with some differences
in internal and external circuit wiring. The motor repairman should be
familiar with these differences.

The topic, Capacitor Motors, is a vital part of the preparation needed
by an electric motor repairman.

PREREQUISITES:

Unit: Split-Phase Induction Motors

OBJECTIVE:

Troubleshoot, repair, and rewind capacitor motors using appropriate
tools, equipment, and procedures. Identify parts, operational charac-
teristics and procedures for diagnosis and repair of capacitor motors.

RESOURCES::

PERFORMANCE ACTIVITIES:

.01 Operation of Capacitor Motors.
.02 Capacitor Motor Construction.

.03 Troubleshoon.ing Capacitor Motors.
.04 Rer.icirg Capacitor hMotors.

GENERAL INSTRUCTIONS:

This unit consists of 4 Learning Activity Packages (LAPsY. Each LAP
will provide specific information for completion of a learning activity.

The general procedure for this unit is as follows:

(1) Read the first assigned Learning Activity Package (LAP).

(2) Begin and complete the first assigned LAP.

(3) Take and score the LAP test.

(4) Turn in the LAD test ansiwer sheet.

(5) Determine the reason for any missed items on the LAP teust.
Principal Author(s): T. Ziller

Q
2i0



78.01.04.00.A2-0

Printed Material

Electric Motor Repair, second edition Robert Rosenburg (see more
bibleo - data) Rinehart and Winston, 1970.

Introduction to Power Technology: Principles of Electric Motors,
second edition, Vega Enterprises Inc., Decator, Illinois, 1973.

Service Manuals

Attached Lap reading material:

Checklist for Disassembly

Checklist for troubleshooting: Capacitor Motors

Checklist for Repair, Service and Reassembly: Split-Phase Capacitor
Start Motor

Audio/Visual

Attached Illustration: capacitor motor
split-phase motor

Equipment

capacitor motor

motor test analyzer

motor board for capacitor motor
tools
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GENERAL INSTRUCTIONS: (continued)

(6) Proceed to and complete the next assigned ILAP in the unit.
{(7) Complete all reqguired LAPs for the unit by following steps
3 through 6.
(8) Take the unit tests as described in the Unit LEG "Ev-'uation
Procedures".
(9) Proceed to the next assigned unit.

EVALUATION PRCCEDURE:

When pretesting:

1. The student takes the unit multiple-choice pretest.
Successful completion is 4 out of 5 items for each LAP
part of the pretest.

2. The student then takes a unit performance test if the unit
pretest was successfully completed.

Satisfactory completion of the performance test is meecting
the criteria listed on the performance test.

When post testing:
The student takes a multiple-choice unit post test and a

unit performance test.

Successful unit completion is meeting the listed criteria for
the performance test.

FOLLOW-THROUGH :

You may now begin with the first LAP in this unit. Talk to vour
instructor if you need help.
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\ = UNIT PRETEST: CAPACITOR MOTORS

78.01.04.01

1. Where would a two-valve capacitor motor be used?

a heaters

b. fans

C compressors
d blowers

2. The purpose of a capacitor-start motor is to provide:

a lower RPM

b. higher RPM

C lower starting torque
d. higher starting torque

3. What is different about a permanent-split capacitor motor?

no centrifugal switch is necessary
it has comparatively higher torque
there is no need for a rotor

it is two motors in one housing

Qn ore

4. What is another name for a permanent-split capacitor molor?

three phase motor

single-val!ve capacitor-run motor
two phase moior

split-phase induction motor

Qe oo

5. On a two-valve capacitor motor, what purpose does the centrifugal swiltch

serve?

a. takes the capacitor and run winding out of circuit
b. to substitute a lower capacity

c. takes the capacitor and start winding out of circuit
d. takes the start winding out of the circuit
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78.01.04.02

6. What is the purpose of the centrifugal switch in a capacitor-start motor?

to remove the start winding from the run winding

to remove the run winding from the capacitor

to help to reduce eddy currents

to remove the capacitor and start winding from the run winding at 75% FS

Q0o ow

7. Where is the bearing located in a capacitor-start motor?

a. between the rotor and centrifugal switch
b. the center of the end plate
c. on the end of the shaft only
d. split-phase capacitor start motor does not require one
8. In a capacitor-start motor, what helps to prevent the motor from drawing

too much current?

the fuse

the extra set contact points
the centrifugal switch

the overload device

0 o w

9. Where is the centrifugal switch located in a capacitor-start motor?

a. on the front end plate
b. on the rear end plate
c. on top of the stator

d. inside the stator

10. In a capacitor-start motor the capacitor is in with start wind.

a. serins

. series parallel
c. parallel series
d. parallel

78.01.04.03

11. How is a capacitor checked using an ohmmeter?
the ohmmeter will show infinity reading
the ohmmeter will give a different reading

tead on + terminal = lead on = terminal ohmmeter on high
the ohmmeter will show zero OHMS

Nn oo

~
-
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78.01.04.03 (continued)

12. If the capacitor of a capacitor-start motor becomes open:
a. the motor will burn up if connected to power line before starting
b. it will start but will not reach full speed
c. it will start but with less starting torque
d. motor won't start, will run if started manually have FS before foad
13. If a capacitor-start motor starts fine but when centrifugal switch kicks out it
drops back to start winding, what is the probtem?
a. open runwinding
b. defective capacitor
c. wrong connections
d. defective centrifugal switch
14. In a capacitor-start motor, if the fuse burns out when current is apptied to
the motor, look for:
a. shorted windings
b. open runwinding
c. open start winding
d. open capacitor
15. On a capacitor start--capacitor-run motor, what type of capacitor is used?
a. paper capacitor
b. oil capacitor
c. two-valve oil capacitor
d. two-valve paper capacitor
78.01.04.C%
16. When a capacitor-start motor is first put on the work bench, which of the
following should be done?
a. refer to manufacturer's booklet
b. plug it into a voltage source and see what doesn't work properly
c. use a test lamp or ohmmeter and check for grounds, shorts, opens
d. dismantle and look inside
17.

Without a load on a capacitor-start motor, smoking while running may be
caused by:

fallure of centrifugal switch to open starting winding circuit
overloaded
shorted winding

defective capacitor

o n oo
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78.01.04.04 ({continued)

18. If a capacitor-start motor (without a load) hums but does not run, suspect:
a. grounded winding
b. shorted winding
c. overload
d. defective capacitor

19. On a capacitor-start motor, if you get a shock when you touch the frame of
the motor, the motor:

a is shorted

b. isopen

c. is grounded

d. will not operate

20. After rewinding a capacitor-start motor and it appears to be running fine,
what test equipment would you use to check current drain?

a. ammeter

b. ohmmeter

c. low resistance meter
d. voltmeter
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Cile Code: _78-01.04.01.A2-0

‘Jate Published: _ 2-23-76

Mountain-Plaing Education &
Economic Development
Programn, lne.

Glusgow A KL, Montuna 59231

Learning Activity Package

Studeant:

Date:

PERFORMANCE ACTIVITY:Qperation of the Capacitor Motor

OBJECTIVE:

Describe the operation of a capacitor motor.
Identify operational characteristics of a capacitor motor.

EVALUATION PROCEDURE:

Successfully complete at least 80% of the items on a multiple-choice
test about this LAP.

RESQURCES :

Capacitor start motor.

Electric Motor Repair, by Robert Rosenberg, pages 52-53, 62-71.
Introduction to Power Technology Principles of Electric Motors, Vega,
pages 24-27.

motor test analyzer

PKOCEDURE:
Steps

1. Read v nges 52-53 and ©62-77 in Ugggﬁric Motor Repair.

Complete expuriment #2, “"Capacitor Start Motors" in Introduct®on
To Power Technology, pages 24-27.

3. Write a description of the motor's operation naing simple
electrical schematics.
4. Take the LAP test.

Principal Author(s): T. Ziller

ERIC
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LAP TEST: OPERATION OF THE CAPACITOR MOTOR

78.01.04.01

1. Normally, when is an oil-filled capacitor used?

a. onily when low current is required
b. only when using a two-valve capacitor
c. only on start cycle

d. when it is in the circuit on run cycle

2. The purpose of a capacitor-start motor is to provide:

a. lower starting torque
b. higher starting torque
c. lower RPM
d. higher RPM

3. What is taken off the line after the motor reaches approximately 75% full speecd?

start winding, centrifugal switch, and capacitor
run winding and centrifugal switch

capacitor and centrifugal switch

start winding and rotor

Q0 U

. Where would a two-valve capacitor motor be used?

a in fans

b. in heaterc

c ir blowers

d. in compressors

5. The capacitor and the centrifugal switch are connected in serics with the:

a. runwinding

b. only whiie centrifugal switch is closed
c. start winding

d. only while centrifugal switch is open

219



Pagez 78.01.04.01.A2-2

78.01.04.01 (continued)

10.

The start winding is how many electrical degrees out of phase with the
run winding?

a. 90
b. 180
c. 75
d. -190

How are the two valves of capacity obtained?

only by using a transformer
two capacitors in parallel
dual capacitor in one can
two capacitors in series

a0 ow

What is connected to the line after the motor reaches approximately 75% full speed?

start winding

run winding
centrifugal switch
capacitor

0 n oo

What is the major advantage of a two-valve capacitor motor?

a. it reduces starting torque
b. it produces slower speed
C it produces higher speed
d. it creates high starting torque

The run winding is how many electrical degrees out of phase with the
sturt winding?

a lagging by 75
b. lagging by 0

c. leading by 180
d. leading by 190

220
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Learning Activity Package

Student:

Date:

PERFORMANCE ACTIVITY: Capacitor Motor Construction

OBJECTIVE:

Disassemble and identify the component parts of a capacitor motor.

EVALUATION PROCEDURE:

Instructor will examine the disassembled motor for correct disassembly.
Identification of main parts will be in compliance with attached identifi-
cation list. Also score at least 80% on a multiple-choice test.

RESOURCES :

Capacitor motor.

Checklist on disassembly of the motor. (attached)
Illustration of a capacitor motor. (attached)
Hand tools.

Electric Motor Repair, by Robert Rosenburg.

PROCEDURE :
Steps
1. Fullow the chrcklist for disassembly of a capacitor motor.
2. Comple*e the multiple-clivice test items for this LAP.
Principai Author{s): 1. 2iller
Q
’ 21D
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CHECKLIST FOR DISASSEMBLY:

CAPACITOR MOTOR

1. Using a ball peen hammer and center punch, put two (2} punch marks on the

end bell and on the stator, on the end of the motor in line with each other and
within 3" of each other.

2. Using the same toois, put one (1) punch mark on the stator and end bell in
line with step 1 but on the other end of motor and within }" of each other.

3. Using a nut driver of proper size, remove the four (4} nuts and remove the
long bolts. (Caution: do not lose the nuts).

4. Using a ball peen hammer and cold chisel, gently tap the front end bell where
it meets the stator on shaft end; when loose, slide the end bell off the end of
shaft.

5. Firmly hold onto the shaft and pull straight out. Try not to let the rotor drag
on the stator laminations.

6. Using *.:wcis in step 4, gently tap the rear end bell loose; it will still be
<onnected with 4 wires to the centrifugal switch. Do not force.

7. To remove capacitor, remove the screws folding the cover plate; capacitor
will fall out (don't lose the screws).

8. To remove the centrifugal switch, use a screwdriver and remove the screws.
(Caution: do not lose the screws) .

9. To remove proctector (thermal reiay), remove the two screws with a screw-
driver. (Caution: do not lose the screws).

10. Label each component part using masking tape.

11. Have the instructor examine the identified parts.

223
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CAPACIT R MOTOR

« CAPACITOR

COVER PLATE FOR LEADS

FRONT END BELL (END PLATE)
- SLEEVE BEARING (BALL BEARING)

ROTATING MECHANISM OF A CENTRIFUGAL SWITCH
#RUN WINDING
=== START WINDING

"N\CAPACITOR

_="BIMETAL OVERLOAD PROTECTOR

TATIONARY MECHANISM OF A
CENTRIFUGAL SWITCH

~SLEEVE BEARING (BALL

REAR END BELL BEARING)
(REAR END PLATE)
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Studane: L ___ FileCods: 78,01,04.02 . A2-2 __

Date:

n-Plains Education &

LAP TEST: CAPACITOR MOTOR CONSTRUCTION
78.01.04.02
1. What does the stator house in electric motors?

a. Starting and run winding
b. the capacitor
c
d

front end plate
the centrifugal switch

2. How is a bimetallic overload device connected in a capacitor-start motor?

a. series parallel
b. series

c. parallel series
d. parallel

3. What is the purpose of the end plate in a capacitor-start motor?

to hold the capacitor

to hold the rotor in center of the stator
to hold the winding in place

to keep stator from collapsing

on o ow

4. What is the purpose of bearing packing in a capacitor-start motor?

to house the bearing

to hold oii for bearing lubrication

<~ tsat the rotor wi'l be held in the center of the stator
to hold the bearing in piace

onNn T o

5. How is the centrifugal switch mounted in a capacitor-start motor?

a. with washers
b. by welding
c. with nuts

d.

with screws

Y

—— Dete Published: ___ . 12-20-74
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78.01.04.02 {(continued)

6. In a capacitor-star: motor, what helps to prevent the motor from drawing too
much current?

the overioad device

the centrifuga! switch

the extra set contact points
the fuse

a0 oo

7. Where is the bearing located in a capacitor-start motor?

between the rotor and centrifugal switch

split-phase capacitor-start motor does not require one
on the end of the shaft only

in the center of the end plate

oo oo

8. Normally, where is the capacitor located on a capacitor-start motor?

a. on top of the stator
b. in the rotor
c. in side the stator
d. inside the rear end plate
9. In a capacitor-start motor the capacitor is in parallel with the:
a. bearings
b. centrifugal switch
c. runwinding
d. start windng

10. Yhat is the nrpose of the centrifugal switch in a capacitor-start motor?

a. to remove the capacitor and start winding from the run wind.ag at 75%
full speed

b. to help to reduce eddy currents

c. toremove the run winding from the capacitor

d. to remove the start winding from the run winding

26
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Learning Activity Package

Student:
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PERFORMANCE ACTiVITY: _Troubleshooting Capacitor Motors

-

OBJECTIVE:

Troubleshoot a capacitor motor following the steps given on the checklist.

EVALUATION PROCEDURE:

The student is to troubleshoot motors using a given checklist and scorc
at least 80% on a multiple-choice test.

RESOURCES:

Checklist for troubleshooting, test equipment, tools, work order form
and requisition form.

Capacitor Motor.

Service Manuals.

Electric Motor Repair, by Robert Rosenburg, pages 74-79.

PROCEDURE:

SteE§
1. Follow the checklist for troubleshooting a motor (Attachoed)
2. Complete the :miltiple-cheice test items for this LAP.

Principal Author(s): 7. Ziller

ERIC 28
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CHECKLIST FOR TROUBLESHOOTING: CAPACITOR MOTORS.

1. Make a thorough visual inspection.

2. If the motor sbarks badly, check for:

a. Shorted field poles (Ohmmeter) (Growler).
b. Wrong lead position on the commutator.
c. Open armature coils (Ohmmeter).
d. Shorted armature coils (Growler).
e. Reversed coil leads.
f. Worn bearings.
g. High mica.
h. Wrong direction of rotation.
3. If the motor runs hot, check for:
a. Worn bearings.
b. Dry bearings.
c. Shorted coils (Growler).
d. Overload (Ammeter).
e. Shorted fields (Growler).
f. Brushes off-neutral.

4. |If the imotor smokes, check for:

a. Shorted armature (Growlerj.
b. Shorted fields (Growler).
c. Worn bearings.
d. Wrong voltage (Voltmeter).
e. Overload (Ammeter).
5. If the m~*sr has poor torque, check for:
a. Shorted coils (Growler).
b. Shorted field (Growler).
¢c. Wrong brush position.
d. Worn bearings.

6. Take a resistance reading on the motor field windings.
Take a resistance reading on the armature coils. (Record values).

7. Plug the motor into 115V AC power source.
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8. Take a voltage reading on the motor terminals. (Record value) Compare
with manufacturer's name plate.

9. Using an ammeter take a current reading on the motor. (Record value) .
Compare with manufacturer's name plate.

10. Disconnect from AC Power.
11. Connect fields to a low D.C . voltage.

12. Use a compass and check for polarity.

&
oo
<
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NS . LAP TEST: TROUBLE-SHOOTING CAPACITOR MOTORS

78.01.04.03

1. How is a capacitor checked using an ohmmeter?

the ohmmeter shows infinity reading

the ohmmeter will show zero OHMS

+lead on + terminal: - lead on - terminal oihmmeter on high
the ohmmeter will give a different reading

Q0T o

2. What will the ohmmeter show if the capacitor is shorted?

a. the ohmmeter will give a different reading
b. the ohmmeter will show zero OHMS
c. the ohmmeter shows infinity reading
d. + lead on + terminal: - lead on - terminal OM-high reverse
3. |If a capacitor-start motor starts fine but when the centrifugal switch kicks out,

it drops back to start winding, what is the problem?

a. wrong connections
b. defective capacitor
c. open run winding
d. defective centrifugal switch
4. In a capacitor-start motor, if the fuse burns out when current is applied to the

motor, look for:

open run winding
open capacitor
open start winding
shorted windings

nn oW

5. FHow are capac:tors rated?

by power factor - PF

by working volts direct current- WvDC
farads

horsepower - HP

o0 o
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78.01.04.03 (continued)

6. If the capacitor of a capacitor-start motor becomes shorted:
a. itwill cayse it to over speed
b. the motor may start, but starting torque will be greatly r educed
c. it will create a short circuit directly across the line
d. the motor will not run

7. The capacitance of a capacitor-start motor should be within what % of the rated

capacity?
a. 20%
b. 40%
c. 10%
d. 30%
8. If you receive an electrical shock from a capacitor-start mutor when you put

your hand on it, the trouble may be:

a bad centrifugal switch
badly worn bearings
a grounded winding
a defecti've capacitor

anow

9. On a capacitor-start, capacitor-run motor, what .type of capacitor is used?

a. oil capacitor
b. paper capacitor
c. two-valve paper capacitor
d. two-valve oil capacitor
10. [If a coacitor-start motor has difficulty starting, the trouble may be

(with no load applied):

open windings

bad centrifugal switch
defective capacitor
over load

0 0 0O O
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TROUBLE-SHOOTING CAPACITOR MOTORS

CvwmNOGOUIEWN=
OCO>BWOO0ODO
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Learning Activity Package
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PERFORMANCE ACTIVITY: Repairing Capacitor Motors

OBJECTIVE:

Repair, service and reassemble a capacitor motor.

Identify procedures for the repair, service and reassembly of capacitor
motors.

EVALUATION PROCEDURE:

The appliance must operate properly. The student is to repair, service
and reassemble motors that are consistent with the given checklist.
Also score 80% on a multiple-cihoice test.

RESOURCES :

Checklist for repair, service and reassembly, test eguipment, tools,
work order form and requisition form.

Capacitor Mctor.

Service Manuals.

Electric Motor Repair, by Robert Rosenburg, pages 74-79.
Illustration of a Split-Phase capacitor motor.

PROCEDURE :
Steps
1. Follow the <hecklists for repair, service and reassembly.

2. Complete the multiple-choice test items for this LAP.

Principal Author(s): T. ziller

ERIC 254
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CHECKLIST FOR REZAIR, SERVICE AND REASSEMBLY: SPLIT-PHASE CAPACITOR
MOTOR

1. Lubricate bearings (30-w oil for sleeve bearings, general
purpose lubricating grease for ball bearings).

2. Insure that rotating mechanism of the centrifugal switch on the
rotor is not binding.

3. Check contact points on the stationary mechanism of the centrifugal
switch for cleanliness.

4. Insure that all leads to stationary centrifugal switch are tight.

Bearing Replacement Checklist for Split-Phase Capacitor Motor

1. Using proper tools, remove bad bearings.
2. Replace, using proper tools. Ream to fit as neccessary.
3. Relubricate new bearings.
Centrifugal Switch Replacement for Split-Phase Capacitor Motor
1. Label all leads and remove from centrifugal switch.
2. Remove centrifugal switch.
3. Install new switch, reconnect all leads.
Capacitor Check and Replacement
1. Remove screws holding capacitor {don't lose screws).
2. Remove capacitor from holder (don't lose holder).
3. Using soldering iron, unsolder the leads.
4. Using proper test equipment, test capacitor.
5. Order a new capacitor using a requisition form.
6. Reesolder lezds onto niew capacitor, insert in holder, install

ontu statior.

oo
<2
ol
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Checklist: Rewinding Split-Phase Capacitor Motor

1. Take data from data plate on motor and enter on data sheet for
split-phase motor. (Page 7~9) See instructor when completed.

2. Strip the stator. (Page 9-10).
3. Check for correct size of magnetic wire. (Page 10-12).
4. Form fit the paper insulation to fit the stator slots. See

instructor when completed.

5. Rewind motor using the form winding method. (Page 13-16).
6. Splice and connect all ends and beginning wires of each pole
correctly. (Page 53-71). See instructor when completed.
7. Test new winding with proper test equipment. (Page 20).
8. Dip stator winding into varnish. (Page 20 and 21).
9. Reassemble the motor.
10. Connect motor to power source and test under load.

o 226
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Checklist: Reassembly of Split-Phase Capacitor Motor

1 . ngtly set rotor inside stator

2. Align end bells with punch marks

3. Insert bolts and tighten

4. Instail capacitor cover on the capacitor
5. Connect motor to power source

6. Refer to exploded view
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A SPLIT-PHASE CAPACITOR MOTOR

== CAPACITOR

¢ » COVER PLATE FOR LEADS

.~ FRONT END BELL (END PLATE)

- SLEEVE BEARING (BALL BEARING)

ROTATING MECHANISM OF A CENTRIFUGAL SWITCH
Kl

e RUN WINDING
{ ¢——START WINDING

YCAPACITOR

BIMETAL OVELLOAD PROTECTOR

5 7 \STATIONARY MECHANISM OF A
CENTRIFUGAL SWITCH

(Bt mSLEEVE BEARING (BALL

/) oo REAR END BELL BEARING)

(REAR END PLATE)
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LAP TEST: REPAIRING CAPACITOR MOTORS

78.01.04.04
1. If the shaft of a capacitor-start motor will not turn by hand, you should suspect:
a. wrong connections
b. a bad centrifugal swtich
c. a defective cap=zcitor
d. bad bearings

2. When a capacitor-start motor is first put on the work bench, which of the
following should be done?

check the manufacturer's booklet

use a test lamp or ohmmeter and check for grounds, shorts, opens
dismantle it and look inside

plug it into a voltage source and see what doesn't work properly

an gow

3. How does a capacitor-start motor differ from a split-phase motor?

the capacitor is added in parallel with centrifugal switch

the capacitor is connected in series parallel with start winding
the capacitor is added in series with centrifugal switch

the capacitor is connected in parallel with the start winding

0N oW

. After rewinding a capacitor-start motor and it appears to be running
fi.ne, what te<t equipment would you use to check current drain?

a. ammeter
b. low resistance meter
c. ohmmeter
d. voitmeter
5. In a capacitor-start motor, if the varaish is scrapped or nicked in one spot,

should it be instalied in the starter?

a. always

b. never

c. sometimes
¢. occasionally

209
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78.01.04.04 (continued)

6. When you apply current to a capacitor-start motor and the fuse burns open,

look for:

a. wrong connections
b. a shorted winding
c. toosmall a fuse

d. an open capacitor

7. On testing a capacitor-start motor, you find the shaft free but the motor hums
and doesn't run suspect:

an overload

badly wern bearings

an open start or run winding
a shorted start or run winding

O n oo

8. After rewinding the start winding of a capacitor-start motor, and while test
running, smcke appears from the motor, trouble may be due to:

a defective capacitor
a shorted windinyg
an open winding
wrong connections

QN oo

9. Which is the proper schematic for a capacitor-start motor?

PSR- T sw ¢ 3
line line RW - SW
!

Loy | 7 3

4 1’ LA
. SW D)
Bj I L line J RW JsW
I N G K SN SRR
CS €S
10. On a capacitor- start molor, if you get a shock when you touch the frame of

the motor, the motor:

a. will not operate
L. is open

c. is shortled

d. is grounded

240



LAP TEST ANSWER KEY: 78.01.04.04.A2-2

REPAIRING CAPACITOR MOTORS

SWENO N E W =
OrmOwm>0OwmU0
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UNIT POST TEST: CAPACITOR MOTORS

78.01.04.01

1. Whal is the major advantage of a two-valve capacitor motor?

a. it creates high starting torque
b. it produces slower speed
c. it produces higher speed
d. it reduces starting torque
2. The capacitor and the centrifuga! switch are connected in series:
a. with the start winding
b. only while centrifugal switch is open
c. only while centrifugal switch is closed
d. with the run winding

3. Normally, when 1s an oil-fiiled capacitor used?

only on start cycle

only when using a two-valve capacitor
when it is in the circuit on run cycle
only when low curvent is requirad

00 g w

4. What is connected to line after motor reaches approximately 75% full speed?

a. run wind'u()

b. CaMP 7ol

start wmding

d. centrifugal switch

\

5 What is taken off the line after motor reaches approximately 75% ‘ull speed?

run winding and centrifugal swiicn

start winding, centrifugal switch, and capacitor
capacitor and centrifugal switch

start winding and rotor

o N Cow
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78.01.04.02

6. What is the purpose of the end plate in a capacitor-start motor?

to keep stator from collapsing

to hold the rotor in center of the stator
to hold the capacitor

to hold the winding in place

o n oo

7. What is the purpose of bearing packing in a capacitor-start motor?

a. house the bearing
b. to hold oil for bearing lubricaticn
c. to hoid the bearing in place
d. su that the rotor will be held in the center of the stator
8. In a capacitor-start motor the capacitor is in paraliel with the:
a. start winding
b. centrifugal switch
c. bearings
d. runwinding

9. Normally, where is the capacitor located on a capacitor-start motor?

inside the rear end plate
in the rotor

on top of the statour
inside the stator

o n oo

10. Where is the oil wick located in a capacitor-start motor?

a. betooine cotor ano coctrifugal switch
. split-phase capacite: ~start motor does not require one
c. between bearing and snhaft

. inside the endplate and bearings
78 01.04.03
11, What will the ohimmeier show if the capacitor is shorted?
a. + lead on + terminal: - icad on - terminal om-high reverse
b. the ochmmeter will show infinity reading
< the oivmmeter will give o different reading

d. the ohmmeter will show zero OHMS
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78.01.04.03 (continued)

12. If you receive an electrical shock from a capacitor-start motor wien you put
your hand on it, the trouble may be:

girounded winding
badly worn bearings
bad centrifugal switch
defective capacitor

[T o I o RN *V]

13. What is the schematic symbol for a capacitor?

a — AN NN —
b. — b—
/W
d . e A N
14. If a capacitor-start motor smokes while running, the trouble may be:
a. wrong connections
b. grounded winding
c. defective capacitor
d. shorted windings

15. How are capacitors rated?

a. power factor - PF
b. working volts direct current - WWDC
¢. Farads
d. eren s - HP
78.01.04.04

16. How does a capacitor-start motor differ from a split-phase mot~:?

a. capacitor is connected in series paraliel with start winding
capacitor is added in series with centrifugal switch
capacitor is connected in parallel with the start winding
capacitor is sdded in parallet with centrifugal switch

17, After a capacitor-start motor has been rewound and it has poor starting torque,
the trouble may be

a. open fuse

b. wrong connections
o c. over loaded
d

open overload device

N
b
H
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78.01.04.048 {(continued)

18. In a capacitor-start motor, a winding is said to be shorted when there is:

a normal resistance in the coi!
b. high resistance in the coii

c. no resistance is in the coil

d minimum current

19. After rewinding the start winding of a capacitor-start motor and while test
running, smoke appears from the motor, troubie may be due to:

shorted winding
open winding
wrong connections
defective capacitor

oo g o

20. On testing a capacitor-start motor, you find the shaft free but the motor hums
and doesn't run, suspect:

shorted start or run winding
badly worn bearings

open start or run winding
overload

nnNn oo
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UNIT PERFORMANCE TEST: CAPACITOR MOTORS

Given a malfunctioning capacitor motor, the student will service and repair
the motor su that tt functions according to the manufacturer's specifications,
following safe practices and procedures.

OBJECTIVE 2:

Using appropriate tools and test egquipment the student will take shorts and
ppben tests.

OBJECTIVE 3:

Using appropriate equipment, the student will rewind a faulty capacitor motor.

OBJECTIVE 4.

Using appropriate tools and test equipment, the student will calculate and
record amperage, voltage, resistance and wattage of a capacitor motor.

TASK:

The student will service and repair a capacitor motor and, in the process, he
will make shorts and w.an and grounding tests, using appropriate test equipment.

B.%.S._I_GEL": : _'.r_ :
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CONDITIONS:

The student will be given a malfunctioning capacitor motor (it may be bugged by
the instructor or it may be one brought in by a customer). He will be required
to service and repair the motor in conditions similar to those in a typical motor
repair shop. He will be allewed to use any and all tools, equipment, service
manuals, text books, etc., commonly found in a repair shop. He must complete it

in a reasonable length of time with no assistance from the instructor(s) or
students.

RESOURCES :

Tools:
Internal-external «snap ring cliers
7-Piece nut dri: ‘
Tool box 18 x &
Circular gauge
Hacksaws
Pulley puller
Arc joint pliers
Lineman‘s pliers
Diagonal cutting pliers
Long chain-nose pliers
Locking plier wrench
Coil tamping pliers
4-piece standard set screwdrivers
Center punch
Cold chisel
Ball peen hammer
Lug crimpers
Wire skinner and straightener

Equipment:
Coil stripping chisel
Armature winder
Coil winder
External Grow. i
Insulution former
Coil shapers
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’ / Glc.uow AF‘B M

N Q* \*S\ J~L- —
— s&;ﬁi.\j PERFORMANCE CHECKLIST:

OVERALL PERFORMANCE: Satisfactory __Unsatisfactory

CRITERION
- B o _ Met Not Met
Objective 1:
1. Follows safe practices and procedures.
Criterion: No injury results to the student or the equiphent
and complies with OSHA requirements.

2. Follows proper procedures for disassembly. |

Criterion: No damage resuits to the motor. o
. 3. Diaanosis and troubleshoots malfunctions properly. —

Criterion: Wher iepairn1, the motor functions according S S—

to the manufacturer's specifications.

4. Reassembles the motor properly.

Criterion: Appiiance func»1ons ac cord1ng to the

- s — e ——

manufacturer's specifications_and the

procedures followed aaree with those —

“escribed 10 the service literature.

5. The repaired motor is vepaired in a neat,

219
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(Checklist continued)

CRITERION
Met Not Met

professional manner.

Criterion: No damage results to the motor such as opens

and shorts.

6. A1l connections and fastenings are properly completed.

Criterion: The motor connection complies with the

manufacturer's specifications. The connections

are mechanically fastened and structurally

sound._The connectior is electrically fastened

and free of defects.

7. Motor functions acrording to the manufacturer's

___specifications.

| Criterion: Manufacturer's specifications.

- - -

8. Uses appropriate repair part and supp1“i}e.s.._~

i Criterion: They match exactly those listed in the

manufacturer's specifications.

!,.. - i o e e e

Objective 2-

9. Test for grounds, using growier of millivolt meter.

10. Test for shorts in the field coils, using a growler.

11. Test for an open fieid ccil, using an ohmmeter

i 12. Test for reversed coils, using a compass or bar

250
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CRITERION

Met

Not Met

magnet test.

13. Use capacitor checker to check for opened or shorted

capacitor.

Criterion: Troubleshooting techniques reveal the malfuncti

on,

as identified by job sheet.

Objective 3:

14. Uses coil-stripping tool to remove coils.

15, Uses cnil winder. if appronriate, when winding

field coil.

16. Uses insudation former, if appropriate, when

insulating.

17. Uses coil shaper, if appropriate, on the field coils.

defect-free operative motor. . .. - . .o

Objective 4:

Criterion: Proper equipment application results ina __

—_ e — et b e

1§;wases ti?ﬁ wiuipment :rgger]zl_

19. Wattage readings are accurate.

20. Voltage readings are accurate,

|

|

| ¥, -
!,__. el e ISR

21. Amn=rage_yesdinos Are scficaie.. . I

___22. _Resistance readings_arg accurate.
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Page .
g 6(Checkhst continued)

CRITERION
Met Not Met

Criterion: Manufacturer's specifications.

23. When applicable, mathematical calculations are correct.

Criterion: AC/DC Circuit Manuals, Westinghouse. -

24, The motor is repaired in a reasonable time.

Criterion: Not to exceed 4 hours.

The student must successfully complete 21 out of 24 line items

correctly to achieve an overall score of satisfactory.

i
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—mmmi ) UNIT: REPULSION MOTORS
RATIONALE:
An understanding of theory and applications related to repulsion motors
is necessary for an electric motor repairman because they are widely
used in industrial and commercial applications.
PREREQUISITES:
tinit: Capacitor Motors
OBJECTIVE:
Troubleshoot, and repair repulsion motors using appropriate tools,
equipment and procedures. Identify parts, operational characteristics
and procedures for troubleshooting and repair of repulsion motors.
RESOURCES :
Electric Motor Repair, 2nd Ed.; Robert Rosenberg, Holt, Rinehart, and
Winston, 1970,
Introduction to Power Technology Principles of Electric Motors, 2nd E4.,
Vega Enterprises Inc., Decatur, Illinois, 1973.
GENERAL TINSTRUCTIONS:
This unit conrints of 4 Learning Activity rPackages (LAPs) .  Fach LAPR
will jrovide Grecific Laformation for completion of a learning activity.
the general procedure for this unit is as follows:
(1) Read the first assigned Learning Activity Package (LAP).
(2) Begin and complete the first assigned LAP.
{3) Take and score the LAP test.
{4) Turn in the LAP test answer sheet.
(5) Determine the reason for any missed items on the LAP test.
(6) Proceed to ard complete the next assigned LAP in the unit.
(7) Complete all required LAPs for the unit by following steps
3 throuyh €.
(8) Take thc unit tests as described in the Unit LEG “Evaluation
Procedurces™.
{(9) Proceed to the next assigned unit.
Principal Author(s): ¢, vilier
O

ERIC ' S 3

Aruitoxt provided by Eic:
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Resource List:

Printed Material

1. Electric Motors, second edition, Anderson, Theodore, Audel and
Company, 1971.

2. Introduction to Power Technology: Principles of Electric Motors,
second edition, Vega Enterprises Inc., Decator, Illinois, 1973.

A set of manufacturer's motor specifications and data sheets.
Service manuals.

Checklist attached to LAPS:

Checklist for Disassembly: Repulsion Motors

Checklist for Troubleshooting: Repulsion Motors

Checklist for Repair Service and Assembly: Repulsion Motors

Ausio/Visual

Illustration attached to LAP: (1) Repulsion - type Motors (2) Exploded
view of Repulsion Armature.

Equipment

Repulsion motor
motor to test analyzer
tools

El{llC : )

Aruitoxt provided by Eic:

<n
[UEN
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PERFORMANCE ACTIVITIES:

.01 Operation of the Repulsion Motor.
.02 Repulsion Motor Construction.

.03 Troubleshooting Repulsion Motors.
.04 Repairing Repulsion Motors.

EVALUATION PROCEDURE:

When pretesting:

1. The student takes the unit multiple-choice pretest.
Successful completion is 4 out 5 items for each LAP part
of the pretest.

2. The student then takes a unit performance test if the unit
pretest was successfully completed.

Satisfactory completion of the performance test is meeting
the criteria listed on the performance test.

When post testing:

The student takes a multiple-choice unit post test and a unit
performance test.

Successful unit completion is meeting the listed criteria for
the performance test.

FOL’ .-THROUGH:

You are now ready to begin the first LAP in this unit. Your instructor
will be available to assist you when needed.

o
<N
vl
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S \_ UNIT PRETEST: REPULSION MOTORS

78.01.05.01
1. How are repulsion-type motors classified by the NEMA?
a. as single-phase motors
b. as single-phase wound-rotor motors
c. as single-phase repulsion-type motors
d. as split-phase repulsion motors
2. On a repulsion motor, how can the speed be decreased?
a. only by changing the brushes
b. only by changing the winding in the armature
c. only by changing the commutator
d. by moving the brush holder further away from neutral
3. Which of the types of repulsion motors has either a constant speed or varying

speed characteristic?

a repulsion motor

b. repulsion~induction molor
c. universal motor

d repulsion-start motor

4. The one advantage of a repulsion-induction motor is:

a L0 commutator

b. no centrifugal switch mechanism used

c. that it can be called an inductive series motor
d. no compensating winding

5. Which of the typas of repulsion motors has a varying speed characteristic?
a. universal motor
b. repulsion-induction motor
c. repulsion-start induction motor
d. repulsion motor
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78.01.05.02
6. What four items are on the shaf of a repulsion induction motor?
a. windings, commutator, endplay spacer and brushes
b. laminated core, winding, commutator and brushes
¢. fan, laminated core, winding, and commutator
d. brushes, commutator, rotor coils, and sleeve bearings

7. On repulsion-type motors, at approximate!y what speed do the go\ ernor
weights move?

a. 3650 RPM
b. 50%
c. 1875 RPM
d. 75%
8. The centrifugal mechanism of repulsion-type motors comes out of several

parts that are located in:

a. the end bell
b. on the stator
¢. the armature
d. the stator
9. What is the purpose of the stator of a repulsion-type motor?

a. tohoid the ccre
b. to hold the brushes
c. to hold the armature winding
d. to hold the laminated core and field winding

10. Why is it necrssary to record data on repulsion-start induction motors?

a it is added paper work 1o increase the price to the consumer
b. itis not required

c. it is just something we do in school

d. it is so it can be reassembled the same as it came apart

78.01.05.03

11. How is the neutrai point located if it is not marked on the case of repulsion-
start induction motors?

motor will run in counterclockwise direction only
motor will run in clockwise direction only

motor will not run in either direction

motor will over speed

o0 oo

vy
(A |
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78.01,

12.

13.

14.

15.

78.01.

16.

17.

05.03 (continued)

How many neutral points are theres in a repulsion-start motor?

y
2
|

3

o0 T o

If the brushes are shifted in a counterclockwi~2 direction on a
repulsion-type motor, the armature will rotate in a:

counterclockwise direction
clockwise direction

no change

the motor will stop

o n oo

In repulsion type motors if the brushes are moved clockwise, the armature
will rotate in a :

the motor will stop
counterclockwise direction

the direction will not be changad
clockwise direction

[o TN o I © 2 <)

To reverse a repulsion-type motor that has two off-center brush holders
which are individually moved:

a. move either holder 90 mechanical degrees

b. each brusn holder is moved 180 electrical degrees
c. move either holder 90 elcectrical degrees

d. each brush holder is moved 180 mechanical degrees
05.504

How is the stator tested for a short?

by using a growler

by feeling for hottest ccil
by using a test light

by using a millivoltmeter

Qn oo

If the repulsion motor fails to start when the switch is closed, the troubie
may be:

a overload

b. wrong brush holder position
c. grounded field

d. improper tension in the spring

2583
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78.01.05.04 (coriinued)

18. iIf the repulsion motor does not come up to speed, the trouble may be:
a. incorrect brushes setting
b. brushes not contacting commutator
c. grounded armature
d. dirty or burnt necklace
19. If the repulsion motor sparks internally, the trouble may be:
a. wrong bad connection
b. dirty necklace
c. shorted armature
d. high mica
20. Open armature coils will cause the repulsion motor to:
a. burn out fuses
b. spark internally
c. hum but not run
d. become excessively hot
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Mountain-Pluins Education &
Econoic Development
Program, Inc.

Learning Activity Package

Student:

Date:

PERFORMANCE ACTIVITY: _Operation of the Repulsion Motor

OBJECTIVE:

Describe the operation of a repulsion motor. Identify operational
characteristics of a repulision “ype motor.

EVALUATION PROCEDURE:

Successfully complete at least 80% of the items on a multiple-choice
test about this LAP.

RESCURCES:

Electric Motor Repair, Robert Rosenburg, pages 81-84, 94-96.
Repulsion motor.

Introduction to Power Technology Principles of Electric Motors, Vega,
pages 32-35.

motor test analyzer

PROCEDURE:
Steps
1. Read [ o24ov 81-84, 94-9C 1n Electric Motor Repair, by Robert Rosenburg.
2. Complete experiment #4, "Pepulsion Induction Motors', in
Introduction to Power Teclidlogy, pages 32-35.
3. Write a description of the motor's operation using simple electrical
schematics.

4. Take the LAP test.

Principal Author(s): T. Ziller

ERIC
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REPULSION-TYPE MOTOR
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e SFEaTeR
BPERATEGNAL CHECK LISTA REPULSION EEEE MOTORS

1. Connect motor to power source and observe.

2. Stator usually has one (1) winding similar to the running winding
of a capacitor motor.

3. The armature has winding and is connected to copper bars called
a commutator.

4. Two (2) end bells to support the bearings for the shaft of the
armature most turn.

Brushes made of carbon which fit into brush holders that ride
against the commutator, used to conduct current through the
armature winding.

(84}

6. Disconnect moteor from power source.
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EXPLODED VIEW OF REPULSION ARMATURE
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LAP TEST: OPERATION OF THE REPULSION MOTOR

78.01.05.01

1. A test for telling the difference between a repulsion and repulsion induction

motor is to connect to line voitage, reach full speed, and raise brushes -
if speed drops, it is a:

universal motor
repulsion-start induction motor
repulsion induction motor
repulsion motor

o n oo

2. Of the three types of repulsion motors, which has the higher starting torque?

repulsion-start induction motor
universal motor

repulsion motor

repulsion induction motor

0 U ow

3. On a repulsion-start induction motor using an axial commutator, the brushes:

a. ride

b. remain the same

c. lift

d. can do both ride and lift

4. There are two types of repulsion-start induction motors, and they are:

a. centrifugal devices and commutator
b. brush riding and commutator

c. brush-lifting and brush-riding

d. brush-lifting and centrifugal device

w

On a repulsion-start induction motor, what determines the number of brushes
that ride on the commutator?

a the manufacturer

b. the number of poles

c. how they are connected to the stator
d. how they are connected to the voltage

2ER



Page 2 78.061.05.01.A2-2

78.01.05.01 (continued)

6. How are repulsion-type motors classified by the NEMA?

single phase wound rotor motors
split-phase repulsion motors
single phase motors

single phase repulsion-type motors

[o NN @ N & 2 V)]

7. One feature common in all tyes of repulsion motors is that:

each has slip rings

each has a centrifugal switch

each uses a capacitor

each has a rotor containing a winding connected to a commutator

o0 o w

8. Which of the types of repuision inotors has the constant spced characteristics?

repulsion-induction motor
repulsion-start induction motor
repulsion motor

universal motor

o0 oo

9. Which repulsion-type motor starts on a repulsion motor but operates as an
induction motor?

repulsion induction motor
repulsion-start induction motor
universal motor

repulsion motor

o TN o T @ I+

10.  Which of the tvipes of repulsion motors has a varying speed characteristic?

universal motor
repulsion-start induction motor
repulsion-induction motor
repulsion motor

0O 0 g o

(W
o
(®h)
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PERFORMANCE ACTIVITY: _Repulsion Motor Construction

OBJECTIVE:

Disassemble a repulsion motor following the recommended steps for
disassembly as given in the attached checklist. Also, identify the main
parts of a repulsiocn motor by labeling each component.

EVALUATTON PROCEDURE:

Instructor will examine the disassembled motor for correct disassembly
in accordance with the attached checklist. Also score at least 80% on a
multiple-choice test.

RESOURCES :

Checklist for disassembly: Repulsion Motor.

Electric Motor Repair, Robert Roscnburg, pagc - 80-81.
Illustration of a repulsion motor.

Service Manuals.

Tools and repulsion motor.

PROCEDURE:

Steps
1. Follow the checklist for disassembly of the motor. (Attachea)
2. Complete the multiple-choice test items for this LAP.

Principal Authos(s): T. Ziller

ERIC 2eR
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CHECKLIST FOR DISASSEMBLY: REPULSION MOTORS

1. Fut punch marks on end bell and stator (same as split phase

motors), 1 mark on rez: 2-a bell and stator; 2 marks on front
bell and stator.

@ENTER Pyt RARKS
2. Using proper tools, remove the '
four {4) housing bolts.

3. Remove end bells from the
stator and gently remove armature.

Disassembly of armature for repulsion type motors.
Y

Caution: DO NOT LOSE THE PARTS.

1. Pushing on the spring retainers, remove snap ring (lock washer) .

2. Siowly release the pressure on spring retainers.

L

Remove from the shaft the spring retainers, governor spring, brush
holder cap, fiber washer, and brush holder.

4. Stand armature on commutator and gently thump the shaft on a
wood surface; the short circuiting necklace, spring barrel and
nusk rods should slip out.

z ientify 2ach comp tnient of the motor by labeling with masking tape.

26
e
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EXPLODED VIEW OF REPULSION ARMATURE
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LAP TEST: REPULSION MOTOR CONSTRUCTION

78.01.05.02

1. The centrifuga! mechanism of repulsion-type motcrs comes out of several
narts that are located

2. the end bell

o] on the stator
c. the stator

r the armature

2. \What is ‘he purpose of end belis on a repulsion motor?

a. tc house the bearings

b. to house the bearing and center the rotor in the stator
c. to keep dirt out of the stator

d. to keep the rotor in the center of the stator

3. \What four items are on the shaft of a repulsion-induction motor?

a. fan, laminated core, winding, and commutator

. windings, commutator, endplay spacer and brushes

c. brushes, commutator, rotor coils, and sleeve bearings
d. laminated core, winding, commutator, and brushes

. Before you start to disassemble a repulsion-type motor, how should it be
raarked?

a with a piece of chalk, draw a tine around the motor
b. not necessary, just remember the way you disassembled it
C with center punch, one mark on stator and end beil
d. one mark on both end bells and stator

s

5. On repulsion-tyne motors, what is the purpose of the governor weights?

a. o oush the brushes away from the commutator

y.  to control tha speed of the rotor

¢, to move only the push rods

G te canse the short circouiting necklace to short out the commutator
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78.01.05.02 (continued)

6. What should be dore while disassembling a repulsion-type motor?

you should read all the ‘nformation in the book
you should fill out a data card

you should ask your instructor

you should mart. the erd beils

o0 To

7. On a repulsion-induction motor, the copper bar parallel to the shaft is called

the:

a. axial commutator

b. radial commutatcr

c. commutator threads

d. spring barrel commutator

8. What is the purpose of short circuiting necklace in repulsion-type motors?

to move the governor weights

to hold the push rods in center position
to short out the commutator windings

to hold the spring barrel

00 oo

3. What is the purpose of the stator of a repulsion-type motor?

a. to hold the core
b. to hold the armature winding
c. to hold the brushes
d. to hold the laminated core and field winding
10.  Or: ropulsinn- o2 motors at approximately what speed do the governor weights
move?
a. 3650 RPM
b. 50%
c. 75%
2 1375 P8
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REPULSION MOTOR CONSTRUCTION
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PERFONMAMDSE ACTIVITY: __Troubleshooting Kepulsion Motors

OBJECTIVE:

Troubleshoot a repulsicn motor following the steps for troubleshooting
as given in the attached checklist.

EVALUATION PROCEDURE:

Correctly troubleushoot a repulsion motor using a checklist.
Also scove at least 80% on a written multipie-choice test.
RESOURCES :

Checklist for trocubleshooting a motor.

Electric Motor Repair, Robert Rosenburg, pages 97-105.

Repulsion motor.
Service Manuals.

Test eauipment, tools.

PROCEDURE

Steps
1. t9l)ow the o »cklist For croubleshooting a motor. (Attached)
2. Cow: '+ . e maltiple-cho ‘ce test items for this LAP.

Principsl Author{sj: T. Ziller
O
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CHECKLIST FOR TROUBLESHOOTING: REPULSION MCTORS

1. 1f motor fails to start when the switch iz closed, the trouble could be:
a. burned out fuse.
L. worn bearings.
c¢. sticking brushes in holdar.
d. badly worn brushes.

opens in stator or armature.
wrong brush holder position.
shorted armature.

dirty commutator .

i, wrong lead position.
necklace shorting armature.

e e} ™D

[N

7. if motor does not start properly, the trouble may be:

a. worn bearings.

b. dirty necklace or diry commutator.

c. brushes moving from commutator too soon, or brush spring tension
too weak.

d. centrifugal mechanism not assembled roperly.

e. brush holder set in wrong position.

f.  short-circuited mechanism worn, broken or improperly assembled.

g. governor weights jammed.

h. improper tension in the spring.

i. shorted armature.

j. excessive end play.

k. overioad.

. shorted stator.

m. worn lip on brush holder.

W

T oter becames excessively hot, the troubte may be:

motor connected far 15 voit operation but being run on 236 volt.
shorted armature or stator.

overtoad.

worn bearings.

oroken or beni naecklace.

Lruash hoidar out of position.

-0 QN gow

4. If taotor is noisy:

&, worn bearings or shaft.

L. lose centiitugal device.

¢. shorted stator coil.

. axcessive end play.

e. dirty short-circuiting device.

_7¢
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5. If motor burns out fuse:
a. grounded field.
b. incorrect connections.
c. brushes not making contact with commutator.
d. shorted armature.
e. incorrect setting of brushes.
f. frozen bearings.
6. If motor hums but does not run:

a wrong lead connections.

b. worn bearings.

c. incorrect brush setting.

cl. shorted armature or shorted stator.

e. grounded stator.

f brushes sticking or not making contact.
dirty commutator.

Q

7. If motor does not come up to full speed:

a. wrong spring tension on brushes.
b. dirty or burned necklace.
c. dirty commutator.
d. shecrted armature or shorted stator coil.
e. worn bearings.
f. push rods too tong.
8. If motor sparks internatly:
a. opana-matee: coils.
b. dirty commutatn.
c. highmica.
d. short or sticking brushes.

g. Take a2 resistance reading on the motor field windings.
Take » resistance reading on the armature coils. (Record values) .

10. Plug th= motor into 115V AC power source.

277



O

ERIC

Aruitoxt provided by Eic:

Page 4

11.

12.

Take a voltaga reading on the motor terminals.

Compare with manufacturer's name piate.

Using an ammeter take 2 current reading on the motor.

Compare with manufacturer's name plate.
Disconneci from A power.,

Connect frewds W oo ow DLC L voitage.

Use a compass and check for polarity .

78.01.05.03.A2-0

(Record value) .

{Record value) .
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LAP TEST: TRCOUBLESHOOTING REPULSION MOTORS

78.C1.05.03

1. If the renulsion motor deces not start properly, the trouble may be:

a the push rod is too ifong

b. an open circuit in the stator

c brushes moving from comiutator teo scon
.

4. wrong, bad connuctions

2. :f the repulsion inotor Keeps burning out fuses, the troubie may be:
a. aworn brush holder
bh. a shorted field
c. a shorted armature
d. worn bearings

3. If the repulsion motor becomes excessiveiy hot, the trouble may be:

a. a dirty short-circuiting device
h. worn brusnes

c. agrounded running winding
cd. a broken or purnt necklace

. A mithivoltmetar s used to test armature for:

d wpens
D, Loverses
C groe i
.. shorts
5. A growiler ig used to test the:

3 stator tor S ts

b.ooaeaaiure o7 opens
« stator for groundas
. armature (v shorts

O

RIC

Aruitoxt provided by Eic:

279
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78.01.065.03 ({(continued)

§. What is used in testing for grounds?
a. voltmreter
. a DC battery and copass
c. an internal growisr
. atest lamp

7. How is the stator tested for a short?
a. with a mitin/oihveter
b. with a test lighit

e}

by feeting forr hatlest coil
4. with o growiaer

8. If the repulsion motor hums but does not run, the troudie may be a (Nn):

a shorted stator

b. open armature coil

c open in start winding
d. grounded stator

9. if the repulsion moior fatis to start when the switch is closed, the trouble may be:

a. awrong brush holder position
. an overicad

c. improger tension in e spring
d. a grounded field

10.  If the repulsion motor sparks internally, the trouble may be:

a. higsooon
L. wrong/bad connection
C a shorted armature
d. a dirty neckiace
O
250
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TROUDSLESHOOTING REFPULSION MOTORS
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PERFORMAMNIS ACTIVITY: Repairing fepulsion Motors

Pring

O

ERIC

Aruitoxt provided by Eic:

OBJECTIVE:
Repair,
repatir,
for

seryice and reassemble
and roaassemhly

servicea

faYsLe
repair,

on a
the

EVALUATION PROCELUiw:

The motor must operate wroperly.
repair, service
a multiple-choice test.

RESQURCES :

Checklist for repair,
Electric Motor Repalr,
Repulsion motor.
Service Manuals.
Test  equlpment,

tool 3.

Illustration:
Test

Repulsion motors

cquipment s vom, growler

PROCEDURE -

Ste

1. #ollow the checklist
(At toached)
tho mu b

for repair,
moLor .
2. Couwgs

Lerie tiple-choice tes

sipdl Auchicn{s) b i

ps

service,

a repulsion motor f0¢1ow'na the steps
given checklis
and reassembly of repulsion mctors.

and roassembly of the motor.

secrvice and reassembly:
rRobert Rosenblurg, pages 97-105.

for
Ideniify procedures

The student follows a checlklist on
Also score

at least 892% on

Repulsion motors. (Attached)

and reassecembly of a

t items for this LAP.
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CHECKLIS T FOR REPAIR, SERV'CE AND REASSENBLY: REPULSION MOTORS

SERVICING REPULSION MOTORS

1. Check armature commutator for pruper brush tension.

12N

Check commutator for smoothness and no build up between bars.
3. Check for proper brush seating on cenumutator.

L. Check for cleanliness and proper moverent of short-circuiting

cevice,
5. {heck push rods for freedom of movement and cleantiness.
(o Check for over all cleantiness inside and oot

7. Lubricate bearings (30 w. oil).

REPAIR OF REPULSION MOTORS

1. if bearings are bad, using proper toois replace bearings.

.. Vi commutator is grooved, use lathe and cut down, siisoth and
undercut between bars.

Check brushes for proper wear and length.

(€9

4. Creck brush spring tension.

Vo s

= g proner test equipment, test field coils and armature windings
for wcrrs, opzn: and grounds.

o

3

REASSEMBLY OF REPULSION MOTORS

1 eaipy to ine attached exploded view of armature:

1. ‘nsert push rods into holes of armature.

5. Lay necklace around spring barrel and slid2 over shaft.

. Slide brush holder over the shaft, ins~r! fiber washer into
srush holder, insert brust holder cup, governor spring,
spring retainers and snap ring.

7. insert proper brushes into brush holder.

3. Align front end bell with marks.

ERIC 4.

Gentiv slin armature into stator and front end bell.

L0
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Aruitex: provided by Eric
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|20

Aldign rear end bell with marks (bring ieads out).
Insort bolos and tighten.

Connzet to power source and check operation.

244

78.61.85.04.A2-0



Doy 8
R ke 78.01.25 .04 .A2-0

REPULSION MOTORS
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EXPLODED VIEW OF REPULSION ARMATURE
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LAl TEST: REPAIRING REFULEICN MOTORS

b, How nany neural points are there in a repulsion-start imotor?

7o
-2 ) N

/ e senteral ooind located i it is net marked on the case of repuision-start
oot ":_‘,l;v‘,;_,l\_.. .’

4. motor will over speed

motor will run in counterclockwise direction only
c.motor wiill not run in either direction

4. motor wiil run in clockwise direction only

1 type of material are brushes made of for repulsion-type motors?
caribon or grashile
: coppss or fead
coranhice: post
tLooowrrtion el

t L renulsion-lypa motors the stator winding is usi .y known as the?

{v

nptizer e, ring

wul gl o IEAE SRS &

—
e

. cortrigaat shori- crreniting aevice
Jd. inducing winding

[

5 FU reserse & repuision-type motor that has two off-center brush talders which

cielsdls mowed

o weor brush heloer s moved 180 electrical degrees

by, s rash holoer is moved 180 mechanical degrees
cooeuve ovithar tolder 20Y electrical degrees

d. move cither hoider 20 mechanical degirees

ERIC |  2cy

~
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78.01.05.04 {rontinued)

Ciny o brushi-ricing reouwision moror, if the brushes are shifted to the ieft, the
DrinecUr 2 ow il otate:

2. varying the specd
L. clockwise
< 38 degraoes
0 wounterclocikvise
7. ircvepulsion-tyne moiwes if the brushes are moved clockwise, the armature

St L elate in A

oL alnc wise direction

) oo oveiuckwisae direction
S ihmoster vl ston
d. tne direction will not change

& what is commonly referrad to as a "pigtail" on brushes for a repulsion-type
motor?

¢, type of connection in stator

. type of connection in armature

. coepner wire on one end of the brush
4 tyoe of connection in the commutator

Y

f he brushes are shifted in a counterciockwise direction on a repulsion-type
e, the armature will rotate in a:

. N0 change

b slockwise direction

c.  Chee motor will stop

d. cov. . tcckwizg direcaonsn

10. If a repulsion-start induction motor is set on the soft neutral position, how can
this be checked?

oL oweth an ohimmetlar
LW oo ameter
C.  with a voltmeter

d. Ly moving brushes so motor wilt not run, then to the right siightly

O

ERIC 2¢8y
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A test {oy telling the differen

cirons, it is a:

T renutsion indection motor

o vnivarsat motor

o repuision moetor

4. repulsion-siart induction inocior

a universal motor
L. repuision-start induction motor
c repulsion induction motor

repulsion moior

¢

ci.

a.

L. 1o fower the powe s factor
.o L0 duweet e o

G.o to get more RPM

Which of the tyr=s of pepulsion motor

repulision-z SO0 oL

universal inctor

C.
. repuision ana LT
= Vi sorenaisihos oo nsins 3tarts on
o DN e
a. cpatsios T Lo nduction moior
[y Colisioey 1Oty
o, rocsion anduciion motor

O

ERIC

Aruitoxt provided by Eic:

78.01.05.00.8B2-2

File Cogs:

Gata Mubinhiad:

4

e e P

ce hetween a repulsion and repulsion-induction

inctor is connent to Hine voltage, reach

fuit speed, and raise brushes - if speed

Of the tiviree types of vepulsion motors, which has tie higher starting torque?

What is the purpese of o compensating winding in a reoulsion maotor?

to raise the powaer factor and provide better speed reguiation

factor and geb move speeod

s has tive constant specd cnaracteristics?

o oroenulsion (acior bl vwerales as an
1 1
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10, On o e

RPag= ?

78.07.05.52

3 tafore you staie
a ol nNacess aiy .
o wilh o niece ¢
c.  with coanter
dloone mart oo

~4

P
(o thez sheaft areo

d spring hary
b rediatl conmm
~ DT Eatoy
o I SIS

8. On repuision:

a. io
b, to
c. el
d. to cause th

O

whiat is

e ouiry

78.01.0%.

it disassemhie o

just remember the Way you disase
F chalic, draw a hine around the motor
punch, ! mark on starter and end belt
toth end bells and starter

emblea il

Cn a repuision start induction run motor, the cogper bars that are pairp
catied

movea oV the push rods

control the speed of the rotor

nush the brushes away from the commutator

z shorti circuiting necklace to short out the

use of e spring barr ol on a repulsion motor?

a. it helos to remeve the governor springs
f iLmoves tihe guver e weights

c. it has no real purpose

d. it holds the short-circuiting necklace i place

bsiniy- i, Tty motor,

the oo ¢ sl

hHay parailel 1o the

the:

a. comrmautator thread

B, axiar Ccommylator

C. racdsal o commiut=ior

ol spons g oy connimnuiaos

78.01.

EEICE

g pongts

can be

o O ditne e

VT S0

GidluictUsnn motor is soel on the soft neutral

FRIES

checiced] by

oo an ebvnnoior

c.ooa voltineler

d. moving brushes so motor will not run,

then to right slightly

203

repulsion-tygae moier, now should it e m

commutaror

position,

G9.B82-2

arked?

endicular

ype metors, what is the purpose of the goveraor weights?

waft is catlied

this
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78.81.05.03 (continuad)

12.

4.

1

—

~J

what is commoniy referrved to as a 'pigtail” on brushes yor a repulsion-type

rotor?

a. the typ2 of connection in the commutator
. the tvpes of connection in stator

o, the type of connection in armature

d. copper wire on one end of the brush

~ repulsion motor, if the brushes are shifted 1o the T=ft,

St ooonatur2 will rotate:

2. counierclockwise

iy, ihe motor will siop

ana wiil only vary the speed
counterclockwise

[

Repulsiori-tyme motors with stationary brush holders can be reversaed:

a. by rewinding the armature

b. bv reversing end for end the stator

¢. cannot be roversed

d. by rewinding the sizgtor for cpposite polarity

D1 a brush-lifting renulsion motor, the brushes are shifted to the right and

s

Goe Acveaure winl retaie.

& clociowvis

. and will orgy vary the spead
oL ooR iy ol stop

d.ocou AN

78.01.05.904

6.

If inolar is noisy in opeceztion, it may be catsed by:
v t

A, ooshorvzil avmenuern
. Trczen bearings

C AN ST S LR

A ahiocted staice conl
The proper wiay to renair high MICA is to:

2. c~lean commutstor with emery cloth

b auen down the armature in a lathe and then undercut the MICA
c. file down the commutator and use a hack saw blade to undercut
d. replace with new commutator

2u2

78.01.05.00.

B2-2



O

ERIC

Aruitoxt provided by Eic:

Paye &

18.

20.

78.01.05.04 (continued)

A growier is uszad to test the:

' the motor iceens burning out fuses, the trouible may be:

If the motor bacomoes excessively hot, the troubte may be:

armature for onens
stator for grounds
stator for shoris

armatuse for sinacts

a worn prush holder
worn nearings

a shiorted armatiira

P

a broken or burnt neckiace
worn birushes

a dirty shori-circuiting device
a grounded running windings

T
R

9

¢

3

7

<
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Printed Materials

1 - Moturs, (2nd ddo) Anderson, Theodore Audel and Company .

my, 1700 A et of manufacturer's motcr specifications
K ST
oy Lo Power 0

Sl Motor Repair, {2nd 24.) Resenberg, Holth, Rinchart. and

cotmoldogy Principles of Electric MOtors,

>Q56a Enterprises Inc., Decator, illinois, 1973.

Socvies doanuals

Choehlist: Thoskxlist foro rroubleshcoting Polyphase Motor:s
heevhage rotor dlsassembly.

Rudio/Visual

Doy e anel o chookiist: polyphnase tlotors oy Grtion torm

ftlustration: voivphase Motors

Equipment

motor tesh analyzoer amprobe or ammeter

three--phisc notor ohmmeter
ball pocis hanmer voltmetoer
growler

coater punah
it e o

cotd chiraed

O
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LVALUATION PROCEDURE:

When pretesiing:

1. The stoudernt takes tie: unit multiple-cholice pretest.
Successtul completion 1o ¢ out of 5 items for each LAY part
of thoe pretaosc.

o The stoedent =hen tares a cnit perforuance test i the uanit

yretest wos soccessfully completed.

.

Ces
Tatisfactory cempletion of the performauce test is mecting
the criteric Listea on the performance test.

When post testing:

The studecer onien o multiple-choice unit post test cud 2 unit
poerformanc: tesc.

Successful unit completion is meecing the listed criteria for

rhe poviervimanes tost.

FOLLOUW-THROUGH :

At this time vou are ready to begin the first LAP 1u chis unit.

ERIC
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Bata:

Plou,rum. Inc. i
N S ==~ T =
A7B, Montenn 50281

N aREST S~
RNEa IEE

UNIT PRETEST: POLYPHASE MOTORS

T4.01.06.01

Thrae-phase motors have one fzirly constant characteristic which is:

2. torque
. Spez

Stz

d.  all have baill beurbngs
Carec-phase maotere vary frem fractional/horsepower size tu:

a. several hundrog HP
. aiew HP

c. scveral thousand HP
. several HP

3 Polyphase moiors are:

a.  D-C ivotors
.o el Eiotern

. A-C/D-T rictors
A Univiersas moiors

1

Mo consbruciion Gf @ dirae-t. 3se motor is sunilar to that of o

. whadod-oaTo motor
o cuandsion ICTITSitsta
c., =t s o hotor

4. cliroor U renit v

5 e 2aaain oo os f o ihree prniase motoir are end-piates, stator, and:

Q 3 ‘U 4
ERIC B
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78.01.06. 02

a

78.01 06.00.A2-2

A A-C potor that is designua for either three-phase or two-phase

cperaticn is called a:

&)

polyphase motor

solit-phase capacitor-start motor
. renulsion-iype motor
gi3lit-phase motor

[SES)

o}

What is ihe difference betwecn a squirrel-cage and a wound rolor on & three-

phiase motoy?

there is po differance

U W

same but uses batl beartngs
wound rotor has siip rings
same but uses sleeve bearings

a o

Witat i tha purpose of the stetor of a thi ec-phiase motor?

a to center the rotor

5. to enabie thie shaft to turn
c to hold the bearings

d.  to house tho iary

-

Where is the squirrei-cage winding found in a polyphase motor?

5. anside the 7ol
b inside the front end plate
e inside the rear end plate

o on tnhe stater

WHhat io van hiTer o, - batweer 2 guirrel-cage and a

NNAsSe oo/

3. there is no difference
, . wound rotor has siis rings
c. o amne buat tses sell beacings

G, Sase DUl wses s.eave baarings

/8 Ji UB.U&

11

Reverzas ina polyphase ma

a.  coils

Ly, poases

T groups

d.  all answers are correct

iinated core and windings

r may occur in:

1

4
L

wound rotor on a three-
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78.01.06.03 (continued)

12.

in a polyphase d~lta-connected motor using a test lamp how would you determine

which phiase is open?

a. place one tead at delte point and other on cach phase ieud
b. you can nnt test delta connected motors for opens

c. «disconnect the phases and test each phases separately

d. disconnect at delta point and test each phase separately

i a polyphase star-connected motor using a test lamp how wouid you
determine which phase is open?

a. disconnect the phases and test each phase separately
nlace one test lead at star point and the other on each other phase head
connact one test lead to star point and the other to both szctions of phase

i

d. disconnuect ot the star point and test each phase separately

HMow wrould your locate a grounded phase in a polyphase star-connected motor,
using a test tamp?

a. place one test lead to motor frame and one test lead to onc power lead
b. »lace one test iead at star point and the other test lead to cach lead
¢. disconnect phase at leads and test each phase separateiy

ol

disconnect at star point and test each phase separatety

In what way is an internal growler used to test a poiyphase motor, parallel-

caonmosicd ior chorte?

a. paraileis discennected, growler in position-bad coils becoine Fot
. paraliels disconnected, note vibrations of hacksaw biade

S hmid the o owler in posidion, defective coils wili become ot
. s o vinvatio Lo f a hacksaw blade

78.01.06.04

16.

Colvanase molor . thal feouire taping but have semiclosaed slotc mre taped where?

] ,l!"} -

fs andy oow N

o TR .- o zumpiotedly

IR ! _ 8

fodh o e e e sivay s wounnd one

oo orin: o coil winding heads

o coil windingg beads onty

¢. free handed

. blocks of wood [\
3'\, O

78.01.06.00.A2-2
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78.01.06.04 (continued)

18. The practice of winding coils in groups for three phase moters is cailed:

skein winding
diamond winding

lap winding

group or gang winding

o0 o

19. The coil winding head for three phase motors having six sides is calied a:

a.  mush type
b. a diamond
c. ganyg

d. group

20. What will happen if you scratch the insulation in one spot on o coil of a three-
phase motor?

it will shoert out one coil

the motor will not run

it will ground out the entire motor
the motor will operate normatly

oo oo
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Page 2
Polyphiase rotors
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NS

.

THREE-PHASE MOTOR DISASSEMBLY

Using 2 ball peen hammer end center punch, put two (2) punch marks on
the end ball and on the staror, on the end of the metor in line with
zach other and withia " of each cther.

Using the sane 1o, pui ene {1 punch mark on the stator and end bell
in line with step 1 but on the other end of wmotor and within %" of each
sthey.

Us uwg a nut driver of proper size, ramovi the four (4) nuts and remove
icse

whe Yong holts. {Zauzion: do not the nuts)

>

Biing s bedl wew. niames and coid chisel, gently tap the front end bell
wheve 1+t weels the svetor on shaftt end; wien Tooce, slido the end bell off
th» end o7 shaft.

Py hold cae fne shatioand pull straight out. Tyy oot to let the rotor
d:ag On the shator laminations.

Liing the tools in step 4, gentiy tap the rear end bell loose. Do not force.
To remove moior protection (thermal relay), remove the two screws with

2 screwdriver. (Cavtion: do not lose the screws)

Turn in the disassemtly checklist, identification 1ist, and LAP to the
instructor and ask ary questions you may heve over any phase of the dis-
L

PR Il c el e
RS ST S 0o Lo o,

Dahel all pavis of fhe motor using the names shown on the attached motor's
Cviviecded oy A e,
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POLYPHASE MOTGRS
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Lol ia s oy phase mmatar?

s chovie that a split-phase has?
v the ceils in the stots of (e stator are connected to

aading and are called:

Lo

belweoen a squirret-cage and a wound rotor

ot T s s ety

bt e - el bearings
 siceve bearings

RO
et ar has slip rings
fioronce

crotoe tival is designed for either three-phase or two-phase operation is

e e notor
L2 Copecitor start motor

s ani oy
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OBJECTTVL.:

Tisgnoss A yee induction motor following the steps for trouble-

;d chockliot.

shoot g o

ALUATICH UROCED

The motol must be UJ&JHQJGG sooperly. The student i
“hecklist for troubleshooting a motor.

LooLo L[ollow a

RESOURCES :

~heclklist for troubleshooting polyphase motors.
Test equipment, tools and work ovrder form.
Threc-phase molor.

Servige manual. for thie motor.
;

Miectric Mctor wepair, R Shert Rosenberqg, pp. 138-145.

i "JI\(.. :

steps
i. sGllow = e hecklist for troubleshooting polyphase motors.
N B Ly o the . odnd wview of a three-phase motor.

Comrlece the muiciy! mchoicl test items for this LAD.

Crincipal Luthoi{sj: T. Ziller

ERIC 31
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/8.01.Cc.03.A2-0
CHECKLIST FOR TROUBLING POLYPHASE MOTORS

the motor to detect mechanical iroubles.

Broken, cracked or warped end plates {or bells).

Badly bent shaft.

Broken or burned leads.

Broken centrifugal switch.

Check shaft for free rotation.

Check shaft end play by pushing and pulling shaft - if it slips over
", it may not engage with the centrifugal switch.

Laying motor in normal position, check for up and down movement, a
rough check for possible bad bearings.

Check for grounds and opens (with testlight, bell, ohmmeter).

motor for continuity.

Short test on fields {(ohmmeter).

Record valve .

Opens test on fields (ohmmeter).

Record valve .

Grounds test on fields (growler or ohmmeter).
Record valve .

notor tO power source.

Does shaft rotate?

Does motor have a loud hum and vrotate sltowly? (If yes, start winding
is shorted or bearings are bad; centrifugal switch is on)

Does motor have a grinding noise? (bad bearings)

Docs motcr smell or feel hot? (winding are shorted)

Check voltage source (voltmeter).

Record valve .

Check current (amprobe or ammeter).

Record valve .

Disconnect motor from oower source.

LOmpare

Fionoas with manufacturer's specifications.
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POLYPHASE MOTORS
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‘ lx\..\_\_i;_.\:&\;:f LAP TEST: TROUBLESHOOTING POLYPHASE MOTORS

78.01.06.03

1. Reverses in a polyphase motor may occur in:

a. phases

b. groups

c. coils

d. all answers are correct

]

In a polyphase delta-connected motor, using a test lamp, how would you locate
a grounded phase?

a. disconnect at delta point and test each phase separately

b. piace one test lead at delta point and the other test lead to power leads

c. place one test lead to the motor frame and one test lead to one of the power
leads

d. disconnect phases at leads and test each phase separately

3. if a polyphase motor preduces a noisy hum and prevents the motor frem pulling
full load, the troublz is:

a reversed phase

an open parallet connection
a defective controiler
frozen bearings

cn oo

4. How would you !~cate a arounded phase in a polyphase star-connectad motor,

USing a 7 ‘:’..f})?
a. disconnect phase at leads and test each phase separately
b

place one test tead to the motor frame and one test lead to onc power lead
c. disconnect at starl point and test each phase separately
di. place one test ead at star point ang other test lead to cauin lead

5. In o polyphase moter, if there is a reversed phasc, the motor will:
J. bieoore evdessively het
b, not run properly
c. run properly
d. farl to siart

O

ERIC

3
Lo
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78.01.06.03.A2-2

78.01.06.03 {continued)

§. A balance test on a polyphase mutor would indicate:

a. grounded coiis
b. shorts
¢. open circuit
d. reversed coiis
7. If a polyphase motor fails to start, the trouble may be:
a. reversed coils or group
b. a reversed phase
c. incorrect voltage or frequency
d. an open phase
8. in a polyphase star-connected motor using a test ifamp, hoew would you determine

which phase is open?

a. disconnect the phases ard test ecach phase separately
b. place one test lead at star point and the other on each other phase heads
c. connect one test lead to star point and other to both sections of phase
d. disconnect at the star point and test each phase separately
9. in a polyphase delta-ccnnected motor using a test lamp, how would you

determine which phase is open?

a. disconnect the phases and test each phase separately
b. disconnect at delta point and test each phase separately
c. place one lead at delta point and the other on each phase lead
d. you can not test delta connected motors for opens
10. In what »i, 2 an internal g. v sfer used to test a polyphase motor, parallel-

cuanected for shorts?

a. by noting the vibrations of a hacksaw blade

b. parallels discennected, note vibrations of hacksaw blade

c. hold the growier in position, defective coils will become not

d. parallels disconnected growler in nosition-bad coils become hot
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Dats:

PERFORWMANCE ACTIVITY: _Repairing folyphase Motors

OBJECTIVE:

Repair, service and reassemble a three-phase induction motor fellowing
the steps for repair, service and reassembly as given in the attached
checklist; and correctly complete requisition, if required.

EVALUATION PROCEDURE:

The motor must operate properly. The student is to follow a checklist
on repair, service and reassembly of the motor. The requisition must be
accurately completed. Also score at least BO% on a written test.

RESOQURCES:

Illustration of polyphase motor.

Checklist on repair, service and reassembly of the motor.
Test equipment, tools.

Three-phase motor.

Service manuals for the motor.

Electric Motor Repair, by Robert Roscnberg, pp. 138-145.

requisition form

30-w oil
lubricating giv. =2
PROCEDURE :
Steps
1. Follow theo checklist for repalr, scrvice and reassembly polyphase
motors.
NOTE: Refer to the explcded view of a three-phase motor.
2. Complete the maltiple-choice test items for this LAP.

Principal Author(z): T. Ziller

O

LRIC 3:3
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SERVICE AND REPAIR CHECKLIST: POLYPHASE MOTORS

. Order a centrifugal switch for the motor using attached requisition form.

. Lubricate bearings (30-w o0il for sleeve bearings, general purpose Tubricating

grease for ball bearings).

. Insure that rotating mechanism of the centrifugal switch on the rotor is not
binding.
. Check contact points on the stationary mechanism of the centrifugal switch

for cleanliness.

. Insure that all leads to stationary centrifugal switch are tight.

Bearing Replacement Checklist for Polyphase Motoi:

. Using proper toois, remove bad bearings.
. Replace using proper tools. Ream to fit as necessary.
. Relubricate new bearings.

Centrifugal Switch Replacement for Polyphase Motor:

. Label all leads and remove from centrifugal switch.
. Remove centrifugal switch.
. Install new switch, reconnect all leads.
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POLYPHASE MOTORS
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T: REPAIRING POLYPHASE MOTORS

78.01.06.04
1. If there are 36 coils in a three phase motor, how many coiis per phase are there?
a. 3
b. 12
c. 386
d. 4

2. This schematic symbol is for what type of three-phase connection?

a. wye A
b. star
c. pigtail
d. delta
C B
3. If you have only a rectangular form for a three-phase motor coil, how can you

make it into a diamond?

by pulling at the center of opposite sides

can't be done

only by using a diamond-shapad head

can only make a diamond if using a rounded form

o0 T ow

4. How are wye-connected coiis of a three-phase motor connected?

the s of ench coil vy ther, the beginning of each to a phase
'».  beginning of each coil connected together
c. the ends of each phase connected together
d. the beginning of each phase connected together

-

5. What type of tape is praferred on a coil in a three phase muwor?

a. black electricai tape

varnished cambric or fiberglass tape
¢.  rubiser lape
d. cotton tape

ERIC 327
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78.71.06.04 (continued)

6. What type of tape is often used to tape the coils of a three-phase motor?

a. cotton

b. electrical
c. paper

d. rubber

7 With a semiclosed stator of a three-phase motor, what is the best procedure
for inserting the ccil into the slots?

straight methcd
fan method
group method
tube method

O o0 g ow

8. How are coils placed in the slots of a semiclosed stator of a polyphase motor?

by taping edge of the siots

by inserting the complete coil at one time
can't be done

the turns of the coils are inserted one by one

o0 oo

9. Insulation placed between each group of coils in a three-phase motor is called:

varnished insulation
glass insuiation
cambric insulation
phase insulation

o0 oo

10.  Why can't the ¢o'ls be taped on a semiclosed stator of a three-phase motor?

. because to do so wculd damage the stator beyond repair
b. it can be done but too much time is involved

c. this type motor is not made to be rewound

d. the opening will only aliow one wire at a time
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REPAIRING POLYPHASE MOTORS
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1. The rotor of a three-phase motor is of what type?

a. wound

b. squirrel-cage
c. concentric

d. slip-ring

29

Poiypihhase motors are:

universal motors
A-C/D-C motors
A-C motors
D-C motors

O n o w

3. The end plates of a three-phase motor are mounted to the side of the stator frame

with:

a. pins

b bolts
c. Screws
d rivets

4. In a three-phace motor, each phase is:

O eeiad teo the other Jhses
related to the other pnases

c. dependent on the other phases
d. independant of the other phases

‘5. The operation of practicalty all polyphase motors depends un a:

a. stationary soienoid
b revolving magnetic field
c. stationary magnetic field
d. rovolving soleneid

‘ 3 v) n
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78.01.06.02

6. What is the difference internally in two types of polyphase motors?

both the coils and internai connections are changed

the coils are wound differentiy but the connections are the same
the coils are the same but the internal connections are different
the coils and internal connections are the same

an oo

7. What is the purpose of the end belils of a polyphase motor?

to house the bearings and te hold the rotor in center
to enable the shaft to turn

to house the winding

to house the slip-ring

Qn oo

8. Three-phase motors have one fairly constant characteristic which is:

a. size

b. torque

c. speed

d. all have ball bearings

9. What doesn't a three-phase motor have that a split-phase motor has?

a. cenirifugal switch
b. bearings

c. end bells

d rotor

10. Where is the squirrel-cage winding found in a polyphase motor?

a Lo the sieor

h inside the front end plate
c. inside the rear end plate
d inside the rotor

78.01.06.03

11. Ina polyphase delta-connecied motor, using a test lamp, how would you locate
a grounded pnase?

a. place one test lead at delta point and the other test lead to power leads

b. place one test lead to the motor frame and one test lead to one of power leads
c. disconnect phases at leads and test cach phase separately

d. disconnect at delta point and test each phase separately

ERIC 33
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78.01.06.03 (continued)

12. A baiance test on a polyphase motor would indicate:

a. shorts
b. open circuit
c. reversed coils
d. grounded coils
13. If a polyphase motor fails to start, the trouble may be:
a. reversed coils or group
b. an open phase
c. a reversed phase
d. an incorrect voltage or frequency
14. If the polyphase motor runs siowly, the trouble may be:

a an open phase

b. the motor is running on single phase
c. a wrong connection

d. a defective controiler

15. In a polyphase motor, if there is a reversed phase, the motor will:
a fail to start
b. run properly
c. not run properly
d. become excessively hot

78.01.06.04

16. There i i+ nistake that i3 ~ften made when inserting the coil in to the slot
.f a polyphase motor and that is:

a. the turns often slip between the insulation and core
b. it won't fit in the stator

c. it slips in the rotor
d. it slips in the insulation
17. In a three-phase motor with a 1 to 6 pitch, how many coils must be put in before
the whicle coit can be put in to the slot?.=
a. b6
b. 3
c. 4
d. 1

3.2
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78.01.06.04 (continued)

18. On polyphase motors if a wire gets between the insulation and the core, the coil
will:

short out
start a fire
will not run
ground out

anNnoTw

19. What is the symbo! for a delta connection on a polyphase motor?

a. A
o YA
C.
d. /
20. How many groups of coils on a polyphase motor are there in each pole from one
phase?
a. 9
b. 36
c. 1
d. 3
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OBJECTIVE . 1:

Given a malfunctioning 3 phase motor, the student will service and repair the
motor so that it functions according to the manufacturer's specifications,
following safe practices and procedures.

OBJECTIVE 2:

Using appropriate tools and test equipment the student will take shorts and
open tests.

OBJECTIVE 3:

Using appropriate equipment, the student will rewind a faulty 3 phase motor.

OBJECTIVE 4:

Using appropriate tools and test equipment, the student will calculate and
record amperage, voltage, resistance and wattage of the motors field windings.

TASK:

The student will service and repair a 3 phase motor and, in the process, he will
make shorts and open grounding tests, using appropriate test equipment.

ASSIGNMENT :
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CONDITIONS :

The student will be given a malfunctioning 3 phase motor (it may be bugged

by the instructor or it may be one brought in by a customer). He will be
required to service and repair the motor in conditions similar to those in a
typical motor repair shop. He will be allowed to use any and all tools,
equipment, service manuals, text books, etc., commonly found in a repair shop.

He must complete it in a reasonable length of time with no assistance from the
instructor(s) or students.

RESOURCES :

Tools:
Internai-external snap ring pliers
7-Piece nut driver set
Tool box 18 x 8 x 9
Circular gauge
Hacksaws
Pulley puller
Arc joint pliers
Lineman's pliers
Diagonal cutting pliers
Long chain-nose pliers
Locking plier wrench
Coil tamping pliers
4-piece standard set screwdrivers
Center punch
Cold chisel
Ball peen hammer
Lug crimpers
Wire skinner and straightener

Equipment:
Coil stripping chisel
Armature winder
Coil winder
External grow:cr
Insulacion former
Coil shapers
3-Phase motor
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3 PERFORMANCE CHECKLIST:
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OVERALL PERFORMANCE: Satisfactory Unsatisfactory

™

78.01.06.00.A1-5

11/15/74

M F (Circle 1)

CRITERION

Met

Not Met

Obiective 1:

1. Follows safe practices and procedures.

Criterion: No injury results to the student or the

equipment and complies with OSHA requirements

2. Follows proper procedures for disassembly.

Criterion: No damage results to the motor.

3, Diagnosis and troubleshoots malfunctions properiy.

| Criterion: _When repaired, the motor functions according

to the manufacturer's specifications.

4. Reassembles the motor properly.

Criterion: Appliance funetions according to the manufact

irer's

specifications and the procedures followed ag

ree

with those described in the service literaturg.

114

5. The repaired motor is repaired in a neat,

professional manner.
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%Checklist continued)

CRITERION
Met Not Met

Criterion: No damage results to the motor such as opens

and shorts.

6. A1l connections and fastenings are properly completed.

Criterion: The motor connection complies with the manufactiurer's

specifications. The connections are mechanicalfly

fastened and structurally sound, The connection

is electrically fastened and free of defects.

7. Motor functions according to the manufacturer's

specifications.

Criterion: Manufacturer's specifications.

8. Uses appropriate repair part and supplies..

! Criterion: They match exactly those listed in the

manufacturer's specifications.

. Objective 2:

— e e+ e et b e

9. Test for grounded commentator, using test lamp.

10. Test for shoried communtator, using test lamp.

11. Test for grounds. using growler or millivolt meter

? 12. Test for shorts in the field coils, using a growler.

13. Test for shorts in the armature coil, using a growler.

14. Test for an open field coil, using an ohmmeter.

o
(-
3
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78.01.06.00.A1-5

CRITERION

Met

Not Met

15. Test for an open armature coil., using an_ohmmeter.

16. Test for reversed coils, using a compass or bar

magnet test.

Criterion: Troubleshooting techniques reveal the

malfunction, as jdentified by job sheet.

Objective 3:

17. Uses coil-stripping tool to remove coils.

18. Uses armature winder, if appropriate, when winding

the armature.

19. Uses coil winder, if appropriate, when winding field

coil.

20. Uses insulation former, if appropriate, when

insulating.

21. Uses coil shaper, if appropriate, on the field coils.

Criterion: Proper equipment application results in a

duzfeci-free operative motor.

Objective 4:

22. Uses test equipment properly.

23. MWattage readings are accurate.

|
{
|
!
!
b
'

24, Voltage readings are accurate

329
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age ?Checklist continued)

CRITERION
‘ Met Not Met

25. Amperage readings are accurate.

26. Resistance readings are accurate.

Criterion: Manufacturer's specifications.

27. When applicable, mathematical calculations are correct.

Criterion: AC/DC Circuit Manuals, Westinghouse

28. The motor is repaired in a reasonable time.

Criterion: Not to exceed 8 hours

The student must successfully complete 25 out of 28 line items

to achieve an overall score of satisfactory.
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-—L_“—‘_"_‘“L_w__.____; UNIT: DIRECT CURRENT MOTORS AND GENERATORS
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RATIONALE:
Small Direct Current Motors arec used in Portable battery operated

appliances, tape recorders, and motors with AC/DC adaptors. Most DC
generators can be changed to a DC motor and vice versa.

PREREQUISITES:

None
OBJECTIVE:
Given text ané illustrations, tools, equipment and materials; identify,

disassemble, identify connection methods, troubleshoot and repair DC
motors and DC generators.

RESOURCES :

GENERAIL INSTRUCTIONS:

This unit consists of 8 Learning Activity Packages (LAPs). Each LAP
will provide specific information for completion of a learning activity.

The general procedure for this unit is as follows:

(1)  Read he first assigneoed Learning Activity Package (LAP) .

("0 Acgin and compaec. the first assigned LAP,

(3  Take and score the Lab tost.

(4) Turn in the LAP test answer sheet.

(3) Determine the reason for any missed {ioems on the AP test.

(6) Proceed to and complete the next assigned AP in the unit.

(7 Complete all required LAPs for the unit by following steps
3 through 6.

(8) Take the unit tests as lQescribed in the Unit LEG "Evaluation
Procedures"”.

(9} Prcceed to the next assigned unit.

Principal Author(s): T. Ziller
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78.01.07.00.A2-0

Printed Materials

1. Electric Motor Repair, 2nd Ed., Robert Rosenberg, Holt, Rinehart,
and Winston, 1970.

A set of manufacturer's motor specifications and data sheets.
3. Introduction to Power Technology Principles of Electric Motors,
2nd Ed., Vega Enterprises Inc., Decacvor, Illinois, 1973.

)

Checklist:

Checklist for Disassembly: D-C Motors (attached)
Checklist for Troubleshocoting: D-C Motors (attached)
Operational checklist for Generators

Checklist for Disassembly: Generators

Checklist for Troubleshooting: Generators

Checklist for Repair: Generators

Illustration:

D-C Motor (attached)

D-C generators (functional)
D-C motor

pin punch

growler

ohmmeter

compass

voltmeter

amprobe or ammeter

ERIC '
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PERFORMANCE ACTIVITIES:

.01 Operation of the Direct-Current Motor.
.02 Direct-Current Motor Construction.

.03 Troubleshooting Direct-Current Motors.
.04 Repairing Direct-Currect Motors.

.05 Operation of the Generator.

.06 Generator Construction.

.07 Troubleshooting Generators.

.08 Repairing Generators.

EVALUATION PROCEDURE:

When pretesting:

1. The student takes the unit multiple-choice pretest.
Successful completion is 4 out of 5 items for each LAP part
of the pretest.

2. The student then takes a unit performance test if the unit
pretest was successfully completed.
Satisfactory completion of the performance test is meeting the
criteria listed cn the performance test.

When post testing:

The student takes a multiple-choice unit post test and a unit
performance test. )

Successful unit completion is meeting the listed criteria for
the performance test.

FOLLOW-THROUGH :

You may begin with the first LAP. Your instructor will be available
to help you if needed.

ERIC
rorecrosieio enc) . 5313{3
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UNIT PRETEST: DIRECT-CURRENT MOTORS AND
GENERATORS

78.01.07.01

1. In a D-C Motor, the field poles hold the:

a. run winding
b. armature
c. run and start windings
d. field coils
2. On all D-C motors, _-urrent must be conducted to the armature wir.ing

through the:

a brushes

b. brush hoilders
c. bearing

d end bells

3. in a D-C motor, the brushes are held stationary by the:

a end plates
b. brush holders
c. brush rigging
d. commutator

4. What bears the weight of a D-C motors' armature and keeps it equidistant
from the pole sieces?

the bail bearing
the end plates

the end plates

the sleeve bearing

o n o v

5. What is the physicai difference between a D-C motor and a D-C generator?

a. none

b. different fields

c. weight

d. different armatures
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78.01.07.02

6. Which of the following characteristics is the D-C series motor known for?

a. high maintenance cost
b. low cost
c. high starting torque
d. continuous ddty
7. in a D-C series motor, how are the field coils connected to the armature?
a. no connection
b. shunt

c. series
d. parallel

8. Which D-C motor has high starting torque and constant speed?

shunt motor
series motor
compound motor
universal motor

o nNn oW

9. A D-C series motor contains:

a. solenoid
b. rotors

c. field coils
d. stators

10. Which of the following D-C motors has a variable-speed characteristic?

a. comnound

h. alternator

c. series

d. shunt
78.01.07.03

11. Nearly all shunt and compound D-C motors of one-half horsepower or more
have commutating poles known as:

interpoles
series-poles
anterpoles
shunt-poles

oancCco

o
[N
‘-1
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78.01.07.03 (continued)

12. In a long-shunt cumulative motor, the current flows through the series field
and shunt-fieid coils of a pole in the:
a. shunt direction
b. opposite direction
c. series direction
d. same direction

13. If a shunt field is connected to armature so current flows through in opposite
direction to series current, the D-C compound motor is known as:
a. short-shunt differential motor
b. long-shunt cumulative motor
c. short-shunt cumulative motor
d. long-shunt differential motor

14. In a two-pole D-C series motor the fields are connected in:
a. tandem
b. unison
c. paraliel
d. series

15. When the shunt field of a D-C compound motor is connected to the armature
terminals instead of across the line, the motor is known as a:
a. short-shunt motor
b. long-shunt motor
c. short-series motor
d. long-series in tor

78.01.17.04

16. When a D-C motor is equipped with 4 poles, how many brushes does it have?
a. 4
b. 8
c. 6
d. 2

17. If a ground has been discovered in the shunt field of a D-C motor, the repairinan

should:

check for the correct position of the brush holder
rernove the armature

remove the field from the frame and rewind the coils
remove the field from the frame and reinsulate

316
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78.01.07.04 (continued)

18. If a ground has been discovered in the series fields of a D-C motor, the repairman
should:
a. remove the fields from the frame and rewind the coils
b. remove the armature
c. check for the correct position of the brush holders
d. remove the fields from the frame and reinsulate

19. Which of the following can one use to check for correct interpole polarity without
using a compass or removing the armature?

a if armature and brushes rotate in opposite direction--polarity ok

b. armature-counterclockwise, brushes/center--interpole polarity ok
c. armature-clockwise, brushes-center; interpole polarity ok

d if armature and brushes rotate in same direction--polarity is ok

20. The circuits which make up a shunt motor are:

a. the armature, shunt field, and brushes

b. shunt field, series field, and brushes

c. series field and armature

d. the shunt field and the armature
78.01.07.05

21. When a conductor is moved across the lines of force in a magnetic field, a
voltage will be induced in the:

a. conductor

b. flux

c. meg . elic tield
J. force

22. What is the characteristic of a shunt generator?

a. a large drop in voltage occurs as the load is decreased

b. a slight drop in voltage occurs as the load is decreased

c. alarge drop in voltage occurs as the load is increased

d. a slight drop in voltage occurs as the load is increased

23. If there is no load on a series generator, what will the voltage be?

a. 220V

b. 110V

c. 0V

d. usoV
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78.01.07.05 (continued)

24. A wire moved to cut lines of magnetic force will produce:

mechanical energy
electromotive force
heat energy

static pressure

o NN ol o e

25. A moving coil in a generator is calied:

a. a starting winding

b. a field winding

c. a magnetic force

d. an armature
78.01.07.06

26. D-C generators are rated in terns of:

a horsepower
b. wvolts

c. kilowatts

d. amps

27. To discover the current output of a generator, the ammeter should be connected

in:
a. series with the generator
b. series with the load
c. parallel with the load
d. parallel with the generator
28. f turns on series field are increased over the number necessary to give same

voltage output at all load levels, the generator is said to be:

undercompounded
a shunt generater
flat-compounded
overcompounrded

o0 ogo

29. Direct current from a battery is used to:

a. energize the commutator

b. run the generator

c. keep the current flowing in the same diraction
d. excite the field coil of a generator

318
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78.01.07.06 (continued)

30 Generator voltage can be varied by using a resistor across the series field
to vary the current through it. This is calied a:

a inverter

b. exciter

c. commutator

d shunt
78.01.07.07

31. Solder in the inside of a D-C generator is caused by:

a. worn bearings
b. open field coils
c. armature over-heat
d. flat~compounded
32. If a generator has too much resistance in the field circuit, the generator will:
a. not generate
b. rotate
c. operate only slightly
d. operate normally

33. |If a generator has too much resistance in its field circuit, the trouble may be:

shorted field coils
loose connections
bad bearings
grounded field coils

onoUTo

34. If a generator does not generate power, the trouble may be:

a loss of residual magnetism
an overload

a differential connection

too slow a speed

Q 0o g ow

35 What would be the probable cause of a smoking D-C generator?

the wrong field connector

a completely shorted armature
a loss of residual magnetism

a bad bearing

Qo oo
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78.01.07.08

36. !f new brushes have been installed in a D-C generator, but they spark badly,
the trouble may be:

worn bearing

the high and low bars on the commutator
too much end play

loose pole pieces

06 oo

37. What could prevent sufficient current from flowing in the field coils of a
generator?

a. loss of residual magnetism
b. wrong field connection

c. faulty field rheostat

d. wrong rotation

38. Why is it important to replace a D-C generators' brushes with replacements of
the same type and size?

a. severe sparking may result if brushes are different
b. the generator will not operate at ail

c. the bearing will freeze up

d. it is not necessary, any size and type can be used

39. if the voltage drops considerably as the load is placed on a generator, the trouble
may be:
a. loss of residual magnetism
b. shorted armature
¢. too slow 2 speed
d. -wrong:alation

40. Which of the following should be used to determine the output in voltage
that a generator puts out after it is repaired?

berometer

watt meter

micrometer
VOM

Q0o o
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Program, Ine.

Learning Activity Package

Studant:

B Glusgow AFDL Monwna 68231

Dote:

PERFORMANCE ACTIVITY: Operation of the Direct Current Motor

OBJECTIVE:

Describe the operation of D~C Motors.
Identify operational characteristics of D-C motors.

EVALUATION PROCEDURE:

Successful complete at least 80% of the items on a multiple-choice test
about this LAP.

RESOURCES :

Electric Motor Repair, Robert Rosenberg, pages 203-204.
Introduction to Power Technology Principles of Electric Motors, Vega,

! pages 36-39.

PROCEDURE:
I Steps

1. Carefully read pages 203-204 in Electric Motor Repair.

2. Stindy the illustration 7-1 - 7-14A.

3. Preview experiment #5 Univarsal Motors in Introduction to Power
Technology, pages 36-39.

4. Write a description of the D-C motor operation using simple
schematic diagrams.

5. Take the LAP test.

Q Principal Author(s): ¢, zZiller
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\ \\ \ LAP TEST: OPERATION OF THE DIRECT-CURRENT MOTOR

78.01.07.01

1. Which of the following characteristics is the D-C series motor known for?
continuous duty

high maintenance cost

high starting torque
low cost

on oo

2. Which of the following D-C motors has a variable-speed characteristic?

compound motor
alternator motor
shunt motor
series motor

an oo

3. A series-shunt field and armature connection is characteristic of what type of
motor?

a series motor
b. compound motor
c. shunt motor

d. universal motor

4. InaD-C series motor, how are the field coils connected to the armature?

a no connection
b. ser:.

<. paraliel

d. shunt

5. Which of the following components in a D-C shunt motor preverts a rise in speed?

carbon brushes
heavy shunt field
light series field
centrifugal switch

o n g w
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78.01.07.01 (continued)

6. Which of the foiiowing is characteristic of a D-C shunt motor?

a. constant speed
b. low speed

c. variable speed
d. high speed

7. Which D-C motor has high starting torque and constant speed?

shunt motor
series motor
universal motor
compoun< motor

o n oo

8. Which of the following characteristics does a D-C series motor have?

a. lighter load, lower speed
b. low starting torque

¢. heavier load, higher speed
d. variable speed

9. A stabilized shunt motor contains which of the following?

a. a light series field
b. variable field

c. a heavy series field
d. a rotor

10. A D-C series ractor contains:

-. stators

b. solenoid
c. rotors

d. field coils
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Learning Activity Package

Student:

Date: __ __

PERFORMANGCE ACTIVITY: _Direct Current Motor Construction

OBJECTIVE:

Given the necessary tools, equipment, and supplies, correctly identify
the main parts and disassemble a D-C motor according to: (1) manufac-
turer's specifications (2) following procedures and practices accepted
in the industry, and {(3) those procedures outlined in the reference
text.

EVALUATICN PROCEDURE:

Motor must be correctly disassembled; parts indentification must be 100%
correctly labeled. Successfully complete at least 80% of the items on a
multiple-choice test about this LAP.

pin punch
DC motor

RESOURCES :

D-C motor.

Electric Motor Repair, Robert Rosenberg, pages 202-203.
Checklist for Disassembly: D-C motors (attached).
Illustration: DC motor (attached).

PROCEDURE :
Steps
1. Review text reference, pages 202-203.
2. Have the instructor assign a work station where You will identify
the main parts and complete the list of the main parts.
3. Follow the checklist for disassembly (attached).
4. complete the multiple-choice test items for this LAP.

Principal Author(s): T- Ziller
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CHECKLIST FOR DlSASSEMBLY:. D-C MOTORS

1. Mark end-bells and frame with pin-punch (re-assembly
identification) .

2. Remove retaining bolts (2).

3. Remove end-bells.

4, Lift brushes out of their holders.

5. Remove armature.

6. Unscrew pigtail connections and remove brushes.

7. Refer to attached exploded view.
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D. C. MOTOR
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N \:"\ LAP TEST: DIRECT-CURRENT MOTOR CONSTRUCTION

78.01.07.02

1. What is the physical difference between a D-C motor and a D-C generator?

a. different armatures
b. weight

c. none

d.

different fields

2. What type of slots are all armatures in a D-C construction motors equipped with?

skewed only
laminated

straight only
skewed or straight

Q0N o

3. What bears the weight of a D-C motors' armature and keeps it equidistant from
the pole pieces?

a. ball bearing
b. end plates
c. sleeve bearing
d. end plates
4. In a D-C motor, the commutator is supplied with current:

a. by allowing the brushes to ride on commutator up to certain speed

b. by Aa''>wing the brushes t~ ride on the commutator while it's turning
c. from the appropriate power source

d. through the field coils

5. Ona D-C motor, the end plates are secured to the frame with:

a. screws
b. clamps
c. wire
d. bolts
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78.01.07.02 (continued)

6. Ina D-C motor, the brushes are held stationary by the:

a. brush holders
b. brush rigging
C commutator

d. end plates

7. On all D-C motors, current must be conducted to the armature winding through the:

a. bearing

b. end bells

c. brush holders
d. brushes

8. What is normally mounted inside the frame of a D-C motor?

a. brush Folder
b. field poles
c. end plates
d. armature

9. On which part of a D-C motors' armature do the brushes ride?

a field coil

b. armature coils
c. brush holder
d. commutator

10. On which portion of a D-C motor is the brush rigging usually mounted?

a. ftrorn' end plate
back end plate
armature shaft
frame

Qo0 s
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DIRECT-CURRENT MOTOR CONSTRUCTION
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PERFORMANCE ACTIVITY: Troubleshooting Direct Current Motors

OBJECTIVE:

Given the necessary tools, equipment, and supplies, correctly trouble-
shoot DC motors according to: (1) manufacturer’s specifications; (2)
following procedures and practices accepted in the industry; and (3)
those outlined in the reference text.

EVALUATION PROCEDURE:

Correct troubleshooting of a motor as detcrmined by criteria on attached
checklist. Successfully completc at least 80% of the items on a multiple-
choice test about this LAP.

RESCURCES :

Electric Motor Repair, Robert Rosenberg, pages 210-226.
Checklist for troubleshooting: D-C Motor (attached).
D-C Motor.

PROCEDURE :
Steps
1. Review 2ue reference tort.
. Go to the instructor and have him assign a work station and
D-C motor which you will troubleshoot.
3. Following the checklist described in the Lext, t:roubleshoot a

D-C motor.
NOTE: Follow safe practices and procedures at all times. Electricity
is potentially dangerous.
4. Use the checklist as a general guide.
S. Take and score the LAP test.

Principal Author(s): T. Ziller
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CHECKLIST FOR TROUBLESHOOTING: D.C. MOTORS

1. Make a thorough visual inspection.

2. Take a short test (Growler).

3. Take an open test (Ohmmeter) (Record value) .

4. Connect fields to 2 low D.C. voltage.

5. Using a compass, check polarity.

6. Take a D.C. voltage reading (Voltmeter) (Record value).

7. Take a current reading (Amprobe or Ammeter) {Record value) .
8. Disconnect power,

9. Compare values with manufacturer's specifications or name plate.

ERIC 33
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& N LAP TEST: TROUBLESHOOTING DIRECT-CURRENT MOTORS

78.01.07.03
1. In a two-pole D-C shunt motor the shunt fields are connected in:
a. series
b. tandem
c. unison
d. parallel
2. In a D-C compound motor, if the current flows through the series-field and shuni-

field coils of a pole in the same direction, and the shunt field is connected across
the line, is known as a:

a long-shunt cumulative motor
b. short-shunt cumulative motor
C long-shunt differential motor
d. short-shunt differential motor

3. If the shunt field is connected to armature so current flows thr nugh in opposite
direction to series current, the D-C compound motor is known as a:

a. short-shunt differential motor
b. long-shunt differential motor
c. long-shunt cumulative motor
d. short-shunt cumulative motor
4. Ina lor, snunt cumulative n.otor, the current flows through the series field

ond shunt-fieid coils of a pole in the:

shunt direction
opposite direction
series direction
same direction

Q0 oo

5. To reverse the rotation of a D-C two-pole compound-interpole motor, reverse

wires:
"1 S’IU"‘.
a. R1and R2 ' | ! 0000(10\
b. T1 and T2 Lenes I8
C Mmans e O
d. Lland L2 '

ERIC 34
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78.01.07.03 (continued)

6. On a four-pole, compound-interpole motor, if the leads on the brushholder
are reversed, it will cause:

the motor to stop

the motor to operate correctly
the interpoles to overload

the brushes to spark

oanocwow

7. Nearly all shunt and compound D-C motors of one-hal{ horsepower or more have
commutating poles known as:

a shunt-poles
b interpoles
c. anterpoles
d. series-poles

8. In a D-C compound motor, the shunt fields are connected in:
a unison
b tandem
c. series
d. parallel
9. If the shunt field is connected across the armature so that the current flows

through it in same direction as the series field, the D-C motor is known as a:

a long-shunt cumulative motor
b. short-shunt differential motor
c long-shunt differential motor
d. sn~-'-:zhunt cumulative rotor

10. When the shunt field of a D-C compound motor is connected to the armature
terminals instead of across the line, the motor is known as a:

short-series motor
long-shunt motor
long-series motor
short-shunt motor

Qo g ow
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PERFORMANCE ACTIVITY: Repairinq Direct Current Motors

OBJECTIVE:

Given the necessary tools, equipment, and supplies, correctly repair

D-C motors according to: (1) manufacturer's specifications; (2) following
procedures and practices accepted in the industry; and (3) those outlined
in the reference text.

EVALUATICN PROCEDURE:

Correctly reapir a motor as determined by criteria on attached checklist.
Successfully complete at least 80% on the items on a multiple-choice
test about this LAP.

RESOURCES :

Electric Motor Repair, Robert Roscnberg, pages 210-226.
Checklist for Repair: D-C Motors.
D-C Motor.

light machine oil

varnish
PROCEDURE
Steps
1. Review the reference text.
2. Go to the instructor and have him assign a work station and a
D-C motor which you will repair.
3. Following the procedure described in the text, repair a D-C motor.

NOTE: Follow safe practices and procedures at all times. Electricity
is potentially dangerous.
4. Use the attached checklist as a general guide.
S. Complete the multiple-choice test items for this LAP.

Principal Author(s): T. Ziller
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CHECKLIST FOR REPAIR: D-C MOTOR

Servig
1. Lubricate bearings. (light machine oil)
2. Insure that motor is not filled with lint or dirt.

3. Check for free rotation of shaft.

Repair
1. Using proper tools, remove bad bearings.
2. Replace bearing.
3. Lubricate new bearing.

Rewinding
1. Strip the stator.
2. Check for correct size of magnetic wire.
3. Fit paper insulation in stator. (see instructor when completed)
4. Rewind motor using the form winding method.
5. Splice and connect leads. (see instructor when completed)
6. Test new winding with proper test equipment.
7. Dip stator in varnish.
8. Reassembie the motor.
9. Cconnect motor to power source.
Reassembly
1. Gently set rotor inside stator.
2. Align end bells.
3. [Insert bolts and tighten.
4. Connect motor to power source.
5. Refer to exploded view.

IS
>
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€
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LAP TEST: REPAIRINT IRECT-CURRENT MOTORS

78.01.07.94
1. If a D-C motor fails to run when the switch is turned on, the trouble may be:
a. the wrong voltage applied
b. an open armature circuit
c. adirty comnutator
d. off-set brushes
2. If a ground has been discovered in the shunt field of a D-C motor, the repairman
should:

check for the correct position of the brush holder

remove the field from the frame and rewind the coils
remove the armature

remove the field from the frame and reinsulate

Oonoo

3. How many circuits are in a shunt motor?

angogow
[XS IR VS TN

4. Why does the NECR require that all permanently installed D-C motors be grounded
to a pipeline which is connected to the carth?

a it has noithing to do with motor operation

b. it adds cost to the overall installation

c. it causes the motor to burn spen

d. fnot properly grounded, the operator may be severely shocked

5. The circuits which make up a shunt motor are:

a the shunt ficld and the armature

b. series field and armature

c the armature, shunt field, and brushes
d. shunt field, series field, and brushes
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78.01.07.04 (continued)

6. If a D-C motor runs slowly, the trouble might be:

a. shorted coils
b. wrong interpole polarity
c. worn bearings
d. grounded coils
7. If a ground has been discovered in the series fields of a D-C motor, the repairman
should:
a. remove the armature
b. check for the correct position of the brush holders
c. remove the fields from the frame and reinsulate
d. remove the fields from the frame and rewind the coils

8. What must be dorie before a test lamp is used on a D-C motor 10 check for a ground
in the field winding?

remove the brushes

remove the armature from the stator
disconnect the field coils
disconnect all external leads

on oo

9. If a D-C motor sparks badly, the trouble may be:

poor brush contact on the cemmutator
tight bearings

2n overioad

shortad field coils

oOn oo

10. ‘'Nhich of the following can one use to check for correct interpole pciarity
without using a compass or removing the armature?

if armature and brushes rotate in same direction-polarity is ok

:f armature and brushes rotate in oppostie direction-puiarity ok
armature-counterclockwise, brushes/center--interpole polarity ok
armature-clockwise, brushes-center; interpole polarity ok

o n oo
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PERFORMANCE ACTIVITY: Operation of the Generator

OBJECTIVE:

Describe the operation of D-C generators.
Identify the operational characteristics of a D-C generator.

EVALUATION PROCEDURE:

Successfully complete at least 80% of the items on a multiple~choice
test about this LAP.

RESOURCES :

Electric Motor Repair, Robert Rosenberg, pages 273-279.

D-C Generator (functional).

Introduction to Power Technology Principles of Electric Motors, Vega,
pages 36-39. -

PROCEDURE:
Steps

1. Read pages 273-279 in Electric Motor Repair. :

2. Go to the as<igned work station and observe the actual operation
oif a n-C gznerator.

3. Complete operational checklist and write a description on th-
operation of a D-C generator.

4. Review experiment #5 , Universal Motors in Introduction to Power
Technology, pages 36-39.

5. Take the LAP test.

Principal Auther(s): 7. Uiller

O
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OPERATIONAL CHECKLIST FOR GENERATORS

1. Drive by mechanical means. Smaller generators are usually
belt-driven.

2. D-C generator armature and field poles are identical to D-C
motor armature and field poles.

3. In a D-C generator as the armature is rotated, the conductors
(armature coils) cut through magnetic lines of force {caused
by applying voltage to the field poles). Asthe armature coils
continue to cut the lines of force, current flows in the armature
coils. This process is known as electro-magnetic induction and
always occurs under these conditions.

4. The induced current in the armature coils is catled alternating
current (A-C), because it flows back and forth through the coils
as the armature rotates through the north and south magnetic
poles of the field.

5. Direct current (D-C) is obtained from the brushes riding on the
commutator,

6. The commutator is a series of metal wedges directly connected
to the armature coils. The commutator rotates with the armature.

7. The two brushes are positioned on the commutator in such a way
that the current flows through them alternately (one at a time)
and so flows in one direction only. (D-C). The brushes are
electrically connected only on every other commutator wedge.
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LAP TEST: OPERATION OF THE GENERATOR

When is a generator said to be separately excited?

when the field coils are connected to an outside source of electricity
110 v.

when the commutator is connected to an outside source of clectricity
when the armature is connected to a battery

[0 RN o IR © 3 1

How many types of self-excited generators are there?

[o T o TN & 3 +V
W N -

When a conductor is moved across the lines of force in a magnetic field, a
veltage will be induced in the:

a. conductor.

b. flux.

c. magnetic field.
d. force.

What is the characteristic of a shunt generator?

A large drop in voltage occurs as the load is decrcased.
A slight drup in veltage occurs as the load is decreased.
A large drop ih voltage ozcurs as the load is increased.
A slight drop in voltage occurs as the load is increased.

oOn oo

If there is no load on a series generator, what will the voltage be?

a. 220 wv.
b. 110 v.
c. 0w,

d. 440 v.

What are the three factors needed to generate electricity?

a. electricity, mechanical power, and a conductor

1. mechanical power, movement. and a generator

¢. magnetic lines of force, a conductor, and movement
d. amotor, generator, and movement

U
N
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7. A diverter in a compound generator varies the:

a. voltage drop.
b. current.

c. resistance.
d.

capacitance.

8. A machine converting mechanical energy into clectrical energy is called a(n):

a. starter.

b. motor.

c. generator.
d. engine.

9. A wire moved to cut lines of magnetic force will produce:

heat energy.
mechanical energy.
electromotive force.
static pressure.

Qo ogw

10. A moving coil in a generator is called a(n):

armature.

field winding.
magnetic force.
starting winding.

Qan oo
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PERFORMANCE ACTIVITY: __ Génerator Construction

-

OBSECTIVE:

Identify the ccumponent parts of generator.

EVALUATION PROCEDURE:

The student is to identify by labeling the component parts that is
consistent with the attached checklist. Also score abt least 80% on a
multiple~-choice test.

RESOURCES :

Electric Motor Repair, Robert Rosenberg, pages 273-279.
Checklist for Disassembly: Generators. (attached)

PROCEDURE :
steps
1. Review reference text, pages 273-279.
2. Follow the checklist for disasscmbly. (Attached)
3. Complete tha multiple-choice test items for this TAP.

Principal Author(s): T. Ziller

ERIC - 375
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CHECKLIST FOR DISASSEMBLY: GENERATORS

o 1. Remove bruskas with proper hand tools.

2. Mark stator and end beli.

3. Usi g proper hand tools, remove nuts and bolts (Don't lose
nuts and boltsj) .

4. Remove end bells from stator.

Gently slip armature from laminated core.

tn

6. Refer to the att=ched exploded view.

ERIC | 3¢
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D. €. MOTOR AND GENERATOR
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generators are rated ir, terms

horsepgower.
volts.
kilowatts.
amps.

a series with the generator.,

serics with the load.
paraltel with the load.

narallel with the gencrator.

LAl TEST:

File Code: _ 78.01.07_.06.A2-2
1223478

Dato Publishad:

MERATOR CONSTRUCTION

To discover the current output of a generator, the ammeter should be connected

If turns on series field are increased over the number necessary to give same
. oltage otitput at all load izvels, the generator is said to be:

Qn oo

undercompounded.
a shunt generator.
flat-compounded.
overcompounded.

Three types of compound genr ~ators can be obtained by:

a.
P

C.
d.

adding more batteries to the exciter field.
changiii the number of turns in the series fieid.

acdelioc g nore inter pol e

using bigger brushes.

Generator voltage can be varied by using a resistor across the series field

to varv the current through it. This is called

a.

c.
d.

The

o

o}

“
'

o r

exciter.
diverter.
commuiator.
shunt.

direct current generator is constructed similar to the:

D-C motor.

split phase motor.
three phase motor.
shaded pole motor.
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7. Permanent gnets arc used in generalors to:

1. produce !ines of force necessary tc gencrate clectricity .
b, produce voltag: in clectricity .

c. hold the conunutater.

. demagnetize tha briashes.

8. Direct current fron a battery is used to:

a. keep the current flowing in the same direction.
b. run the generator.
c. excite the field coils of a2 generator.
d. oeneirgize the commutator.
g The generator wired so the armature fields and load are cennected togather is:

2. permanent mognet generator,

b. battery excited generator.

¢. separately excited generator.
the series generator.

10. A coil of wire wound around a steel core and : “tated in a magnetic fieid is

called:
a.  the starter.
b, the commutator.
¢. thwe conductor.
J the armature
O
3 O
-~ £
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PERFORMARNCE ACTIVITY: ___ Troublashooting Generators

OBJECTIVE:

Given the necessary tools, equiprent, and supplies, correctly trouble-
shoot a generator according to: (1) manufacturer's specifications;
(2) following procedures and »ractices accepted in the industry; and
{3) those outlined in the reference text.

EVALUATION PROCLDURE:

Correct troubleshooting of a generator as detcrmined by criteria on
attached checklist. Successfully complete at least 80% of the items on
a multiple-choice test about this LAP.

RESOURCES :

Electric Motor Repair, Robert Rosenberg, pages 279-280.
Checklist feor Treoubleshooting: Generators
D-C Gencrator.

Compass
Growler
Ohmmeter
Amprohe or Ammetocx

DOCCRDURE :

Steps

1. Review the reference text.
Go to the instructour and have him assign a work station and a
D-C generator which you will troubleshoot.

(2]

3. nllowing the procedure described in the text, troubleshoot a
-] Gnaerator.
HOTE: Pollow safe practices and proccedures at all timess.
Electricity is potentially Zangerous.
4. Use the attaclhied checklist as a general guidetine.
5. Comploete the maliiple-choice test iters for this LADR,

Principal Author(s): 1. Siller

O
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THECKLIST ©CR TROUBLESHOOTING: CLENDRATORS

Make a thorough visual inspection.

Take a shwrcs toest (Grouwler).

Take an opon test (Ohmmeter) (Record values).
Connect fieilds to a low D.C. voltago.

Using a compass, check polarity.

Tajke an AC veoltage reading (Voltmeter) (Record value)

Take a cur

31

Uisconnoct pownr.

Compare values with manufactucer’s specifications o

78.01.07.07.72-0

sct reading (Amprcbe or jummeter) (Record vasues) .

peane platoe.
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TROUBLESHOOTING GENERATORS

1. Solder in the inside of a D-C generator is caused by:

78.01.07.07.A2-2

12/23/74

a. worn bearings.
b. open field coils.
¢. armature over-heat.
d. {lat-compounced.
2. If a generator has tco much resistance in the field circuit, the generator will:
a. notgenepate.

b. rotate.
operate only slightly.
d. operate normaily.

0

5. If a generator has too much resistance in its field circuit, the trouble

a. shoried field coils.
. loose connections.
c. bad bearings.

d. grounded field coils.

vt

L. If a generator does et generate power, the troutsic may be:

a. a loss of residuan: magnetism.
2 an overi: ad.

may be:

Cc. ociiTim e conialtte
d. o slow a speed.
5. hat would be the prebable cause of a smoking D U generator?
a.  hie wrong field connection
. a completeiy shorted armature
c. 4 less of residual magnetism
4. o bad bearing
6. why would a wrong ficid conneclion result in a non-operational generator?
a2 The lines of force would be produced vpposite of the residual lines.
b. The armature would short and burn.
¢. A high resistance force would be created.
d. The lines of force would be produced in the direction of tine flux.

340
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-

How is continuity of a field checkad in o genaratory

a use an ohmmeter

b. use a manometor
use a velocity meter
d. use aampmeter

)

8. 11 a generator dozs not produce current flow, what is a possilzla cause?

field winding aire not preducing paraiiel lines of magnetic force
arching brushes

c. shorted armalure

d. o Tius tines Gro belag broken

oo

9. If a generator does nol generate, what is the possible cause?

a0 loss of vesidual magnelism

L. arching orushes

o partially shorted arnmiaturce

d. partially shorted field windings

10. Which of the foliowing should you troubleshoot like a D-C generator?

a. A-C shaded pole motor
. D-C motor

¢ A-C split phase motor
4. A-C repulston motor

&) SN
ERIC ‘
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LAP TEST ANSWER KEY: TROUBLESHOOTING GENERATORS

1. C
2. A
3. B
L. A
5.

5 A

=B *BE=a N |
>

38



File Code: __ 78.01.07.08.A2-~0

AT AR T LI TAL S L T "’:1"@\

=y ‘

“}1ie Published: 2-23-76

;

Moeuntain-Plains Fducstion & e
Feanuniice Develtopiment
Progeam, {a.-.

rrmmm% I :
A HaAr il Ao & ’T{'il_ (i‘
Ié

¢ R Stwdant:

PERFORMANCE ACTIVITY: Repairing Generators

OBJECTIVE:

Given the necessary tools, eguipment, and supplles, correstly repair a
generator according :fo: (1) wanufacturer’s specifications; (2) following
procedures and practices accepted 1in the industry; and (3) those outlined
in the reference text.

EVALUATION PROCELURE:

Correctly repair a gencrator as determined by criteria on attached
checklist. Sucressfually complete at lcecast 804% of the i1tems on a multiple-
choice test about this LAP.

RESOURCES :

Electric dMotor Repair, Robert Rosenberqg, pages 279-280.
Checklist for Ropair: ddencrators

light maching oil
varnish

PROCEDDRE:

Steps
1. Reviaw the refercnce texc.
2. o ©o the instructor and have him assign a worlk station amnd a
generator which vou will repair.
5. Fo.lowing the precedure described in the text, repadr oo generator.
NULE:  Foliow safe practices and procedures ady o oall times.  Blectricity

Loopotent welly dangerous.

;o Lhe attached checklist as a general guideline in repaliring

Pla wadt o ceechoice test ittems tor this LAP.

Principal Avthor{s): T- ¢iller
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CHECKLIST FOR REPAIR: GENERATORS.

Service
1. Lubricate bearings. (light machine oit) .
2. Insure that motor is not filied with lint or dirt.
3. Check for free rotation of shaft.
Repair
i Using proper toels, remove bed bearings.
2. Replace bearing.
3. Lubricate new bearing.
Rewinding
1. Strip the stator.
2. Check for correct size of magnetic wire.
3. Fit paper insulation in stator. (See instructor when completed) .
4, Rewind motor using the form winding method .
5. Splice and connect leads. (See instructor when compieted) .
5. Test new winding with proper test equipment.
7. Dip stator in varnish.
8. Reassemble the motor.
9. Connect mowr to powaer sesurce.
Reassembly
1. Gentiy - oo nside stals,
2. Adign end beils.
3. Insert bolts and tighten.
4, Connect motor to power scurce.
5. Refer to explodad view.

ERIC
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LAP TEST: REPAIRING CENERATORS

1 If new brushes have been instatied in a D-C ygenerator, but they spark badly,
the trouble may L

a. worn bearings.

b. the high and low bars on the commutator.
c. too much end play.

d loose pele pieces.

N

Wiat could urovent sufficient currant from flowing in the fieid coifs of a genera-
toi?

a loss of residual magnetism
b. wrong field connection

c faulty field rheostat

d. wrong rotation

3. If the voltage drops considerably as the load is placed on a generator, the
trouble may be:

a. loss of residual magnetism,
h. shorted armature.

c. oo slow a speed.

d. wrong rotation.

L. whrich of the fatiowing should be used to determine the outpul in voltage that
a genernt v outs out all it s repaired?

a barometer

b, watt meter

micrometer
d. VOM

g

[Sa)

It o field winding does not seem to be functioning properly, which of the follow:
irgy insiruments should be used © determine the flow of current?

3. ampmeter

b. wvelocity meter
¢.  parometer

d. pryrometer

O

ERIC 32
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o

If after repairing & generator you find it turns the wrong direction, what should
you do?

jal]

rewind thie ganerator

b.  change shunt fieid leads

c. check the gencralor with a VOM
d. wrn the armatuire around

.

Winera s the noutral point in an interpole generator found?

o)

at the center of the interpole winding

b. directly under the center of the interpole
- at the center of ormature shafi

A, ot the center of the commutatlor

o niter repairing a generator the vollage does ot Duik! up. whnat iy nossibie

a. the case is shorted out

b. bad bearings

. brushes are the wrong type
d resist~mice in the field circuit

it after repairing 2 generator you find only a low voltage will develop, which
of the following may be tha causc?

3. bad brusies

. anoried armoture

. Lad bearings

d. field wintlings connecied improperiy

=
o

fler ropaiciag a generator you discover that no voltage is produced, what
ras reppescs o the magnetic lines of flux in the gencrator?

4. they are not the causn of the problom

o running opposite to e residual lines of flux
¢. they are not being broken
¢.  tney areintersecting the residual tines at 45°
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1. What is the first step in tisassembling a D-C motor?

a remove the retaining bolis

b. mark the end bells and frame with 2 pin punch

C lift the brushes out of their holders

4. unscrew the pigtail conmections and remove the brushes

2 On which portion of a D-C moter is the brush rigging usuail mounted?
ot o

a. on the frame

b. on the armature shaft
c. on the back end plate
d. on the front end plate

3. The sizes of D-C motors vary from:

1 Hp to 5 HP

1/20 HP ta 10 HP

1/10 HP to 1/100 HP

1/100 HP to thousands of horse power

oo oo

4. Ina D-C motor, the commutator is supplied with current:
a. by allowing the brushes o ride on the commutator while it's turning
b. through t..~ {ield coils
C. 110 e apDropriate §o0oor source

by allowing the bruches o rde en commutator up to certain sp.ed

5. On which part of a D-C moiors' armaturce du the brushes ride?

on the ficld coi!

o

. on the armature coils
c. oo tho hrush hoider
o thie cenmuator
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6. A stabilized shunt motor contains which of the following?

a. arotor
b. a light series field
¢. variable field
d. a heavy series field

7. Which of the following characieristics does a D-C series motor nave!?
a. lighter icad, tower speed
b. wvariable speed
c. low starting torque
d. heavier load, higher speed

3. Which of the following is characteristic of a D-C shunt inotor?
a. constant speed
b. low speed
c. variable speed
d. high speed

9. Which of the following components in a D-C shunt motor prevents a rise in speed?
a. light series field
b. carbon brushes
c. heavy shunt field
d. centrifugal switch

10. A series-shusnt field and armature connection is characteristic of what type
o1 inotor?
a. shunt motor
b. series motor
c. universal mctor
d. compound motor

78.01.07.03

11. In & D-C compound motor: if the current flows through the series-fiewa and

shunt-field coiis of a pote in the same direction, and the shunt-field is connected
across the line, this is known as a:

long-shunt cumulative motor
short-shunt cumtulative motor
long-shunt differential motor
short-shunt differential motor

an oo

3«.\1\
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78.01.07.03 (continued)

12. In a two-pole D-C shunt motor the shunt fields are connected in:
a. parallel
b. series
c. tandem
d. unison

13. If a shunt field is connected across the line so that the series and shunt fields
have opposite polarity in same poie, the D-C compound motor is known as a:

short-shunt differential motor
lone-shunt differential motor
long-shunt cumulative motor
short-shunt cumulative motor

o0 oo

14. To reverse the rotation of a D-C series motor, all that is necessary is to inter-
change the leads on the:

a. brushes

b. stator

C armature

¢l terminal block

15 In a cumulative D~C motor, when the shunt field is connected across the line,
it is given the name of:

a. short series

b. long scries
c. short shunt
d. long shu:
78.71.07.04
16. If a D-C motor runc < lowly, the trouble might be:
a. shorted coils
b. grounded coils
c. wrong interpole potarity
d.  wora bearings

17, How many cirautts are i a shund motor?

a. 2
b, 3
¢, 4
. i




78.01.07.04 ({continued)

18. What must be done before a test lamp is used on a D-C motor to check for a
ground in the field winding?
a. remove the armature from the stator
b. remove the brushes
c. disconr:ect the field coils
d. disconnect all external leads

19. In a D-C motor, if a bare wire touches the laminated poie, the motor is said
to be:
a. shorted
b. interpoled
c. open
d. grounded

20. Why does the NECR require that all permanently installed D-C motors be
grounded to a pipeline which is connected to the earth?
a. it has nothing to do with motor operation
b. it adds cost to the overall installation
c. if not properly grounded, the operator may be severely shocked
d. it causes the motor to burn open

78.01.07.05

21. A machine converting mechanical energy into electrical energy is called a (n):
a. starter
b. mota
. generator
d. engine

22. A wire moved to cut lines of magnetic force will produce:
a. hesat energy
b. mechanical energy
c. eiectromotive force
d. static pressure

23. A moving cotl in a generator is called a (n):

field winding
armature
magnetic force
starting winding

Qo0 U ow



Page 5 78.01.07.00.B2-2

78.01.07.05 (continued)

24. The Mechanical device used to reverse the connections to the revolving con-
ductors is calied a (n):

a. brushes

b. field winding
¢. armature

d. commutator

25. What are the three factors needed to generate electricity?

a. electricity, mechanical power and a conductor

b. mechanical power, movement, and a3 generator
c. magnetic lines of force, a conductor, and movement
d. a motor, generator, and movement
78.01.07.06
26. Three types of compound generators can be obtained by:
a. changing the number of turns in the series field
b. adding more batteries to the exciter field
c. adding more interpoles
d. using bigger brushes

27. Generator voltage can be varied by using a resistor across the serics field to
vary the current through it. This is called a:

a exciter

b diverter

C. commutalor
d hn LERd

28. The direct current generator is constructed simiiar to the:

a split-phase motor
b. D-C motor

C three-phase motor
d shaded pole motor

29. Permanent magnets are used in generators to:

o

demagnatize the brushes
produce voltage in electricity
hold the commutator

a6 o

produce lines of force necessary to generate electricity
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78.01.07.06 (continued)

30. Direct current from a battery is used to:
a. excite the field coils of a generator
b. run the generator
c. keep the current flowing in the same direction
d. energize the commutator

78.01.07.07

31. How is continuity of a field checked in a generator?
a. use aampmeter
b. wuse a manometer
c. use a velocity meter
d. use an ohmmeter

32. If a generator does not produce current flow, what is a possible cause?
a. flux lines are being broken
b. arching brushes
c. field winding are riot producing parallel lines of magnetic force
d. shorted armature

33. If a generator does not generate, what is the possible cause?
a. arching brushes
b. loss of residual magnatism
c. partially shorted armature
d. partially shorted field windings

34. Which 2. .>~ rolicwing should you trouble shoot like a D-C generator?
a. A-C shaded poie motor
b. D-C motor
c. A-C spilit phase motor
d. A-C repulsion motor

35.

Why would a wrong field connection result in a non-operational gencrator?

a a high resistance force would be created

b. the armature would short and burn

C the lines of force would be produced opposite of the residual lines
d. the lines of force would be produced in the direction of the flux

1u 9
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78.01.07.08

36.

37.

38.

39.

40 .

if after repairing a generator the voltage does not build up, what is a possibie
cause’?

a the case is shorted out

b. bad bearings

c. brushes are the wrong type
d. resistance in the field circuit

If after repairing a generator you find only a low voltage will develop, which of
the following may be the cause?

bad bearings

bad brushes

shorted armature

field windings connected imporperly

oo oo

If afier repairing a generator you discover that no voltage is produced, what has
happened to the magnetic lines of flux in the generator?

they are not being broken

they are running opposite to the residual lines of flux
they are not the cause of the problem

they are intersecting the residual lines at 45 degrees

Q0o

If the field winding does not seem to be functioning properiv, which of the
following instruments should be used to determine the flovi of current?

a. ampmeter

b. velocity meter
c. berometer

d. p.,. =mcer

If after repairing a generator you find it turns the wrong direction, what
should you do?

turn the armature around
rewind the generator

check the generator with a VOM
change shunt field leads

oo oW
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UNIT PERFORMANCE TEST: DIRECT CURRENT MOTORS AND
GENERATORS

0BJECTIVE 1:

Given a malfunctioning direct current motor or generator, the student will service
and repair the motor so that it functions according to the manufacturer's specifi-
cations, following safe practices and procedures.

08JECTIVE 2:

Using appropriate tools and test equipment the student will take shorts and
open tests.

OBJECTIVE 3:

Using appropriate equipment, the student will rewind a faulty direct current
motor or generator.

OBJECTIVE 4:

Using appropriate tools and test equipment, the student will calculate and

record amperage, voltage, resistance and wattage of the direct current motor
or dgenerator.

TASK:

The student wi'® s=vvice and repai~ a direct current motor or generator and, in
the prc-ess, he will make shorts and open and grounding tests, using a;propriate
test equipment.

ASSIGNMENT:
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CONDITIONS:

The student will be given a malfunctioning direct current motor or generator (it
may be bugged by the instructor or it iay be one brought in by a customer). He
will be required to service and repair the motor or generator in conditions similar
to those in a typical motor repair shop. He will be allowed to use any and all
tools, equipment, service manuals, test books, etc., commonly found in a repair

shop. He must complete it in a reasonable length of time with no assistance from
the instructor(s) or students.

RESOURCES:

Tools:
Internal-external snap ring pliers
7-Piece nut driver set
Tool box 18 x 8 x S
Circular gauge
Hacksaws
Pulley pulier
Arc joint pliers
Lineman's pliers
Diagonal cutting pliers
Long cha(n-nose pliers
Locking plier wrench
Coil tamping pliers
4-piece standard set screwdriver
Center punch
Cold chisel
Ball peen hammer
Lug crimpers
Wire skinner and straightener

Equipment:
Coil stripping chisel
Armature winder
Coil winder
External growler
Insuiation former
Coil shapers
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PERFORMANMNCE CHECKLIST:

OVERALL PERFORMANCE: Sati sfactory Unsatisfactory

CRITERION
Met Not Mct__

Objective 1:

1. Follows safe practices and procedures.

Criterion: No injury results to the student or the

equipment and complies with OSHA requirements

2. Follows proper procedures for disassembly.

Criterion: No damage results to the motor.

i 3. Di i nctions — L
r
|

Criterion: When repaired, the motor functions according

to the manufacturer's specifications.

4. Reassembles the motor or generator properly.

Criterion: Appliance functions according to the manu-

facturer's specifications and the procedures

followed agree with those described in the

t_ service literature. -

405



page 4 78.0] .07-00.A]'5
(Checklist continued)
CRITERION
Met Not Met
5. The repaired motor or generator is repaired in a neat,
professional manner.
Criterion: No damage results to the motor such as opens
and shorts.
6. A1l connections and fastenings are properly completed.
Criterion: The motor or generator connection complies
with the manufacturer's specifications. The
connections are mechanically fastened and
structurally sound. The connection is
electrically fastened and free of defects. o
L 7. Motor functions according to_the manufacturer's — S
| specifications. L L
Criterion: Manufacturer's specifications.
1 8. Uses appropriate repair part and supplies._ -
! Criterion: They match exactly those listed in the manu-

- __“acturer's specifications.

Objective 2:

9. Test for grounded commentator, using test lamp. I
10. Test for shorted communtator, using test lamp.
11. Test for grounds, using growler or millivolt meter.
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(Checklist continued)
CRITERION
Met Not Met
12. Test for shorts in the field coils, using a growler.
13. Test for shorts in the armature coil, using a growler.
14. Test for an open field coil, using an ohmmeter.
15. Test for an open armature coil, using an ohmmeter.
16. Test for reversed coils, using a compass or bar
magnet test.
Criterion: Troubleshooting techniques reveal the malfunctibn,

as identified by job sheet.

Objective 3:

17. Uses coil-stripping tool to remove coils.

18. Uses armature winder, if appropriate, when winding _
E the armature. -
| 19. Uses coil winder, if appropriate, when winding field I
i coil.
' . — U SO o
Ib.__‘__..__...__.
; 20. Uses insulation former, if appropriate, when o
- wh TOPART, 1T APE _WAS _
| irsujating.

21. Uses coil shaper, if appropriate, on the field coils, —
! Criterion: Proper equipment application results in a

defect-free operative motor.’
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g ?Checklist continued)

CRITERION
Met Not Met

Objective 4:

22. Uses test equipment properly.

23. MWattage readings are accurate.

24, \oltage readings are accurate,

25. Amperage readings are accurate.

26. Resistance readings are accurate.

Criterion: Manufacturer's specifications.

27. When appliceble, mathematical calculations are correct|

Criterion: AC/DC Circuit Manuals, Westinghouse.

28. The motor or generator is repaired in a reasonable

time.

é Criterion: Not to exceed 4 hours.

_The student must successfully complete 25 out of 28 line items

to achieve an overall score of satisfactory.
}..__ e —— ———— - —
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UNIT: UNIVERSAL AND SHADED POLE MOTOKS

RATIONALE:

Universal and Shaded Pole Motors are fractional horse power motors.
Almost all hand held and some fixed appliance motors are universal.
Almost all timer motors used as a clocking device are Shaded Pole Motors.

PREREQUISITES:

Unit: D.C. Current Motors and Generators

OBJECTIVE:

Given a text and illustration, tools, equipment and materials; describe,
troubleshoot, service, repair, and reassemble universal and shaded pole
motors.

RESQURCES :

GENERAL INSTRUCTIONS:

This unit consists of 8 Learning Activity Packages (LAPs). Each LAP
will provide specific information for completion of a learning activity.

The general procedure for this unit is as follows:

1) Rcrad =t first assigned Learning Activity Package (LAP).

(2) 3Bcgin and complete the first assigned LAP.

(3) Take and score the LAP test.

{4) Turn in the LAP test answer Sheet.

(5) Determine the reason for any missed items on the LAP test.

{6) Proceed to and complete the next assigned LAP in th unit.

(7) Complete all required LAPs for the unit by foll.owing steps
3 through 6.

(8) Take the unit tests as described in the Unit LEG "Evaluation
Procedures".

(9) Proceed to the next assigned unit.

Principal Author(s): T. Ziller
Q
.
41 9
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Printed Materials

Electric Motor Repair, 2nd Ed. Robert Rosenberg, Rine!.art, and Winston,
1970. A set of manufacturer's motor specifications and data sheets.
Introduction to Power Technology Principles of Electric Motors, 2nd Ed.,
Vega Enterprises Inc., Decatur, Illinois, 1973.

Service Manuals
Attached Checklists:

Checklist: Operation of a Universal Motor
Checklist for Pisassembly: Universal Motor
Checklist for Troubleshooting: Universal Motor
Checklist for Repairing a Universal Motor
Operational Checklist for Shaded Pole Motor
Checklist for Disassembly: Shaded Pole Motor
Checklist for Troubleshooting: Shaded Pole Motor
Checklist for Repairing Shaded Pole Motors

Illustration:

Universal Motor
Shaded Pole Motorxr

Equipment

Shaded Pole Motor
Universal Motor
Ohmmeter

Growler

Ammeter

Voltmeter

Light me-'.ln» oil
hcend tools

410
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PERFORMANCE ACTIVITIES:

.01 Operation of the Universal Motor.
.02 Ur -ersal Motor Construction.

.03 Troubleshooting Universal Motors.
.04 Repairing Universal Motors.

.05 Operation of the Shaded-Pcle Motors.
.06 &haded-Pole Motor Construction.

.07 Troubleshooting Shaded~-Pole Motors.
.08 Repairing Shaded-Pole Motors.

EVALUATION PROCEDURE:

When pretesting:

1. The student takes the unit multiple-choice pretest.
Successful completion is 4 out of 5 items for each LAP part
of the pretest.

2. The student then takes a unit performance test if the unit
pretest was successfully completed.
Satisfactory completion of the performance test is meeting thec
criteria listed on the performance test.

When post testing:
The student takes a multiple-choice unit post test and a unit
performance test.

Successful unit completion is meeting the listed criteria for
the performance test.

FOLLOW-THROUGH :

After completing this guide, you may begin with the first LAP. This is
the last unit in the course.

413
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1. What type of motor is very similar to the D-C series motor?

a. shaded pole
b. universal
c. compound
d. split phase

2 What causes rotation in a universal motor when the armature and field coils
are connected in series and current is applied?

a current is induced to cause electromagnetic induction

field coils change polarity, causing armature to .urn under load
brushes lift and rotation is maintained by field coils under load
lines created by field react with lines created by armature

on o

3. What are the two types of universal motors?

split-commutator and slip ring
split-phase and shaded pole
concentrated-field and field winding
A-C and D-C

on oo

4. How small in size are universal motors?

a. 1/10 HP
b. 1/100 HP
c. 17200 HP
d. 1/3 HP

5. How are the armature and field coils connected?

a. parallel-series
b. parallel

c. series-parallel
d. series
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78.01.08.02

6. How is the commutator of a universal motor connected to the shaft?

a. itis glued on

b. it is set-screwed on
c. itis pressed on

d. itis welded on

7.  With what is the field core constructed on a universal motor?

a. with heavy flat copper wire
b. with tightly pressed and riveted jaminations
c. with small round copper wire
d. with bronze wire
8. Identify #6 on the exploded view of a universal motor {attached).

a. bell housing
b. metal clamps
c. field coils

d laminated core

9. Identify #4 on the attached figure.

a. fan

b. commutator

c. laminated core
d. armature

10. ‘dentify #3 on the attached figure.

a laminated core
b. arr. e

<. commutator

d. fan




UNITVERSAL MOTOR
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78.01.08.03

11.

Shorted coils will cause a universal motor to:

a. have poor torque
b. smoke
c. run hot
d. spark badly
12. What would the wrong brush position cause a universal motor to do?
a. runhot
b. smoke
c. spark badly
d. have poor torgue
13. What is the problem in a universal motor that causes it to rotate CCW?
a. short in the arm:.ure
b. short in the switch
c. open field coil
d. reversed motor leads
14  if the armature and field coils were connected in series, what problems could
arise?
a. the field coils would open
b. it would short out the armature
c. it is a normal connection
d. the motor would hum
15. When testing for shorts, what test instrument is used?
a. amprobe
b. voltmeter
c. browler
d. ammeter
78.01.08.04
16. How many start windings are required by a shaded-pole motor?

a. three
b. four
c. two
d. one

M
} =
i |
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78.01.08.04 (continued)

17. Reversed coil leads in a universal motor will cause:

a. hot motor
b. bad sparking
c. smoke
d. poor torque
18. If a universal motor has poor torque, the trouble may be:
a. brushes off neutral
b. shorted armature
c. overload
d. shorted field
19. 1f a universal motor smokes, the trouble may be:
a. reversed coil leads
b. high mica
c. worn bearings
d. wrong brush position

20. When installing new insulation in a universal motor armature, how far should
the insulation extend above the end of the slots?

a. 1/4in.
b. 1/16in.
c. 3/8in.
d. 1/2in.
78.01.08.05

21. What is the phase difference between the shaded windings and the field windings?

a. 45 degrees
b. 180 degrees
c. 90 degrees
d. 270 degrees

22. How are the shade-poles connected?

series opposing
parallel alternately
series alternately
paraliel supporting

o0 g o

41¢
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78.01.78.05 (continued)

23. As current drops, what is induced in the shaded coil?

very little current

no current

a great arnount cf current
reverse current

o0 o w

24. During the part of the sine curve where the current drops near maximum to
0, current in the shaded coil will agin be:

a. laaging
b. oppesed
c. dropped
d. induced

25. A characteristic of a shaded-pole motor is:

a. poor starting torque
b. maximum torque on starting
c. low torque at high speeds
d. low RPM
78.01.08.06
26. How can a shaded-pole motor be reversed?

a. by switching the position of the end bells
b. by changing the windings
c. by reversing the stator
d. by reversing the rotor
27. lidertify figure number 4 on the attached itlustration:
a. end bell
b. bearing
c. stator
d. winding
28. ldentify item number 3 on the attached illustiration.
a. rotor
b. end bell
c. winding
d. stator




SHADED POLE MOTOR
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78.01.08.06 (continued)

29. Identify item number { on the attached illustration:

a. rotor
b. bearing
c. Stator
d. winding

30. All shaded-pole motors have rotors of what type?

a. squirrel-cage

b. slotted

c. split-phase

d. fast starting torque
78.01.08.07

31. If a shaded~-pole motor is noisy, the trouble may be:

bad brushes

the wrong brush setting
worn bearing

a shorted field

o0 T o

32. When using a test lamp on an open field coil of a shaded-pole motor, the light
would:

a. stay cut

b. glow brightly
c. glow normaily
d. glow dimly

33. When using a test lamp on a shorted field-coil of a shaded-pole motor, the

light would:

a. glow dimly

b. glow brightly
c. glow normally
d. stay out

34. How many phase does a shaded-pole motor have’

2
i

3
4

60 oo
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78.01.08.07 (continued)

35. What meter would you use to troubleshoot a shaded pole motor?

a. velocity meter

b. ampmeter

c. VOM

d. micrometer
78.01.08.08

36. What method should be used to rewind a shaded-pole motor?

set winding

skein winding
hang winding
form winding

o 0 g w

37. If after repairing a shaded-pole motor you find that the motor does not run,
what may be the cause?

magnetic flux lines are intersecting a 45 degrees
loose bearings

magnetic flux lines are parallel

shorted field windings

[o TN o T & I *V

38. When are shaded-pole motors used?

where extremely long life is desired
where high starting torque is needed
where very high horsepower is needed
where high starting torque is not needed

Q0 oo

39. 'When repairing a field winding, how many turns should be in each lield winding?

as many as specifications call for

it depends on the horsepower of the motor

it depends on if the motor is A-C or D-C

all shaded-pole motors require 1237 field windings

on oo

40. When repairing most shaded-pole motors, what should be done with the shaft
bushings or bearings?

lubricated with graphite

greased with multi-purpose greasce
oiled with hearing oil

oiled with light maching oil

Q 0O T w
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Learning Activity Package

Student:

Date:

PERFORMANCE ACTIVITY: Operation of the Universal Motor

OBJECTIVE:

Write a description about the operation of a Universal Motor.

EVALUATION PROCEDURE:

Student is to write a description about the operation of a universal
motor that is consistent with the attached checklist. Also score at
least 80% on the multiple-choice test.

RESOURCES :

Checklist on operation of a universal motor. (attached)

Electric Motor Repair, Robert Rosenberg, pages 254-255.

Universal Motor.

Introduction to Power Technology Principles of Flectric Motors, Vcega,
pages 36-39.

PROCEDURE:
sSLeps
1. Read pages 254-255 in Electric Motor Repair .
2. Foll~: .h~ checklist four operation of motors. {(Attached)
3. complete experiment #5, Universal Motors in Introduction to
Power Technology pages 36-39.
4, Operate the motor and observe the characteristics of the motor
according to the items listed on the operational checklist attached.
5. Complete the multiple-choice test items for this LAP.
Principal Author(s}: T. zZiller
Q
]ERJ!: 41'f()
P o] v A
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CHECKLIST: OPERATION OF A UNIVERSAL MOTOR

1. Connect motor to power source.

2. A universal motor is constructed with an armature

and field coils; they are connected in series.

3. Current applied to the field coils will set up mag-

netic lines of force, which will react with the force

created by the armature and cause rotation.

4. Disconnect motor from power source.
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LAP TEST: OPERATION OF THE UNIVERSAL MOTOR
1. What are the two major characteristics of a universal motor?

high starting torque and variable speed.
low starting torque and variable speed.
low starting torque and lots of power.
high starting torque and constant speed.

onyUgo

2. Why is the universal motor the most popular type in the fractional horsepower
size?

a it is inexpensive.

b. itis used on most househo!d appliances.
C it doesn't have field coils.

d it can be used as a generator.

3. What is the purpose of the field core in a universal motor?
a it houses the bearings.
b. it supports the outer housing.
c it holds the armature.
d

it holds the coil.

4. What type of motor is very similar to the DC series motor?

a. shaded pole.
b. wuniversa!.
c. ~zhpound.
d. split phase.

5. The type of motor that can be used on either AC or DC voltage is:

shaded pole motor.
split phase motor.
universal motor.
repulsion motor.

oOn oo
Lo o

6. What causes rotation in a universal motor when the armature and field coils are
connected in series and current is applied?

a. acurrent is induced to cause electromatic inductien.

b. field coils change polarity, causing armature to turn under load.
c. brushes lift and rotation is maintained by field coils under load.
d. lines created by field react with lines created by armature.

4::4
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7.

10.

Universal motors run on what currents?

a. 115 volts.
b. AC only.
¢c. DConly.
d. single phase AC or DC.

What are the two types of universal motors?

a. split commutator and slipring.

b. split phase and shaded pole.

c. concentrated field and field winding.
d. AC and DC.

tlow small in size are universal motors?

a. 1/10 HP.
b. 1/100 HP.
c. 1/200 HP.
d. 1/3 HP.

How are the armature and field coils connected?

a. parallel series.
b. parallei.

c. series parailel.
d. series.

78.01.08.01.A2-2
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LAP TEST ANSWER KEY: OPERATION OF THE UNIVERSAL MOTOR

SomNomEwN -
oO0ONDUNTO®>»

—

4::6



File Code: __ /8.01,08.02 . A2-0

Date Published: 2-24-76

1 |

Mountain-Plains Education &
Feonomic Development
Progran, Ine.

Learning Activity Package

Gluspow AFN, Montuna 59231

Studont:

Date:

PERFORMANGCE ACTIVITY: Universal Motor Construction

OBJECTIVE :

Identify the component parts of a universal motor.

EVALUATION PROCEDURE:

Student is to identify by labeling the component parts of a universal
motor that is consistent with attached checklist. Also score at least
80% on the multiple-choice test.

RESOURCES :

Illustration of a Universal Motor. (Attached)

Checklist on disassembly of a Universal Motor. (Attached)
~ Electric Motor Repair, Robert Rosenberg, pages 254-255.

Universal Motor.

Hand tools

Universal Motor display board

PROCEDURE :
Steps
1. Revieat @ LU -5 254-2045 1. :quggic Motor Repair.,
B tollow the checklist [or disacssembly of motors. (At tached)
3. Complete the multiple-choice test ttems for this LAP.

\)”rhwjpalAuthorB): T. Ziller
ERIC
T 41,.7
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CHECKLIST FOR DISASSEMBLY: UNIVERSAL MOTOR

1. Remove brushes with proper hand tools.
2. Mark stator and end bell.

3. Using proper hand tools, remove nuts and bolts (Don't lose
nuts and bolts} .

4. Remove end bells from stator.

Gently slip armature from laminated core.

(2]

6. Refer to the attached exploded view.

AN
(o
99
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?fge 3
UNIVERSAL MOTOR
BEARINGS
REAR BRUSH

ENE BELL HOLDE ARMATURE
' COILS
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)

CARBON
BRUSH
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CORE

METAL CLAMPS)

FIELS rOTLS
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LAP TEST: UNIVERSAL MOTOR CONSTRUCTION
1. How is the commutator of a universal motor ccnnected to the shaft?

it is oiled on.

it is set screwed on.
pressed on.

welded on.

0N o e

N

Where is the frame located on a universal motor?

o

end plates.
outer housing.
coi! bracket.
field core.

o 0T

3. Why are univeirsal moters usually built into the device they drive?

they run at very low speed and cause vibration.
they don't have any moving parts.

they run at dangerously high speed without load.
the bearings don't have to be lubricated.

onNn oo

L. With what is the field core constructed on a universal motor?

a. with heavy flat copper wire.
b. with tightly pressed and riveted laminations.

C. with sn.a!! round copper wire.
d. v ineronze wire,
5. ldentify #6 on the exploded view of a universal motor (attached).

a. bell housing.
metal clamps.
c. field coils.

cd. lamirated core.
6. ldentify #2 on the exploded view of a universal motor.
a. oil seal.
L. carbon brush holder.
¢. bearings.

. carbon brushes.
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7. ldentify #4 on the attached figure.

a. fan.

b. commutator.

c. laminated core.
d. armature.

8. ldentify#l on the attached figure.

armature coils.
field coils.
commutator.
metal clamps.

o0 oo

9. ldentify #3 on the attached figure.

a. laminated core.
Iy, armature.

c. brush holder.
d. fan.

10. ldentify #5 on the attached figure.

a. commutator.

b. armature coils.
c. fan.

d. laminated core.




UNIVERSAL MOTOR
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LAP TEST ANSWER KEY: UNIVERSAL MOTOR CONSTRUCTION

. C
2. B
3. C
4. B
5. D
6. D
/. D
8. B
5. C
10. B

ERIC 4.3




File Cods: _78-01.08.03.A2-0

g L R B AT S BT R ST ST T 2T L

n Jazia Published: 2-24-~-76

i
Mountain-Pluins Fducation & "'"{l.‘
Eeosnowe Developient {

Projpraomn, e, a

L 2 mereime Setivity Package
Glusgorw AU, Montane BY23! ——{: P{é—.—:‘v&.;v ‘;L’ SR H b 551 ‘\1"? FoNer ;'*"d\“ F" L @3 - (

: i % -
g“:.:.:.;::;“m'r-‘_i-m.'? %&

T egpyes = s aee
[ AT glsnert Nmerie &

Studont:

£s
o

Date:

PERFORMANDE ACTIVITY: Troubrloonooting Uiniversas Motors

OBJECTIVE:

Troubleshoot a universal motor following the LHLeps given on the attached
checklist.

EVALUATION PROCFDURE:

rhe appliance must opuralte progperly and thoe student 10 Lo make o choeci—
1ist on troublashooting of the moror that is consistent with the given
checklist. Successfully complete at least 804 of the items on a multiple-
choice test about this TAP.

Universal motor
Chimmeter
Growler
Ammeter
Voltmeter

RESOULCES :
Checklist on troubleshooting a motor. {(Attached)
Unlversal Motor.

Service Mannals.

ELec:LLgmgotgzmggjlg_, by RObert Rasienberg, pages 204-265.

PROCEDURE :
sSteps
1. rollow the checklists for troubleshooting a motor.
2. Comelate the maloisle-cnoic. Lost rtems for this LAP.

Principatl Author(s): T. ziller

El{fC 44

Aruitoxt provided by Eic:
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CHECKLIST FOR TROUBLESHUGTING:

%

~J

viake a thorougn visual insgection.

7 the motor spariles badly . cheak tor:

0]

Shorted field poles (Ohmmeteir) (Growlery.
. Wrong lead position on the commutater.

¢. Open armature coils (Onmmctar).

ci. Shorted armature coils (Growlear) .

e. Reversed coil leads.

. Worn bearings.

g. rHigh mica.

h. Wrong direction of rotation,

if the motor vuns hot, check for:

o. Worn bearings.

b. Dry bearings.

c. Sherted coils (Growier).
d. Overtoad {Ammeter}.

e. Shorted fields (Growlerj.
f. Brushes off-neutrat.

If thie motor smokes . chogk for:

A, Shorted armature (Growlery.
5. Shorted Sields  (Crowler).

c. Worn bearings.

d. Wrong voltage  (Voluneterj .
oo Owvericad  CAmmeterd .

if the . L0 as Losr ¢ U, beslofor

a. Shorted coils (Growler]
b. Shorted field (Growlory.
c. Wrong brusih positicn.

. Worn bearings.

Piug the motor mio TISV AL power source.

Teke a resisiance ccading on the armature coils.

78.01.03.03.A2-0

UNIVERSALL MUOTOR.

oo @ oresistanca ceacsag on the ootor fretd windings.

(Record volues) .
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5. Take a voltage reading on the motor terminals.  (Record value) Compare
with manufacturer's name plaic.

). Using an ammeter take a current reading on the motor. {Record value) .

Compare with imenufacturer’s ame plate
0. Disconnect from Al iPow i,
1 Connect fields to a tow D00 vaitage.

12. Use 2 compass and check for polarity.

ERIC 4.4

Aruitoxt provided by Eic:
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TOST: TROUBLESHOOTING UNIVERSAL MOTGRS
1. Shorted coils will cause a universal motoir Lo.

have poor torgue.,
smoke.

+run hot.
spark tadly.

coogowo

o

If the bearing housing was hot in a universal motor, the problem might be:

4. the wrong vollage being anpliad
b. o shorted armauwre.

¢. a bad or dry bearing.

d. =an onen field coil.

3. What piece of test equipment should be used to test for an open field coil winding
in a universal motor?

a. woltmeter.

Iy, & wattmeter.
c. an ohmmeter
d.  an ammeter.

4. When using a test lamp on an open field coii of a universal motor, the light

would:
o atay oul
b, - '-uﬂ““\'
c. g‘ow dimly .
d. glow brightly.
5. What would the wrong birush position causce a universal mot - to do’
a.orun hot,
b, simoke.
¢. s=park badly.
(b, have poor tor guc.
(. What inothe probdem in o vniversal motor that cates it to rotate stow?

1. shorlin the armature.
o short in the switch.
c. open field coil.
d

~

B - reversed motor leads. Ch g
ERIC 4:
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When metering a universat fteld coil, the meier

a. in parallel with the coamuintor.

HLoin paraliel with the ficns col,
C.ooinseries with the stator windisgs,
d.inoseries withs e teid son

Foeme srmatere and vald ol !
arisc?

oL the field coits would coen.
5. iUwould snort cul the armalure,
Polie L1 1NEhe Y0

CLitis g nonanal connecdun,

d. the notor would b,
D UNEe TNeL oo e et wn i bl Soits

L rovarnesh.

L. rewind the colis.

c. ‘tis anormal condition.
. rewind e whoie motor.

Whoen testing for shorts, what test instrument is

gL aimprooo,
., voltmeter.
o.ogrower.
¢ ammeter.

4.3
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sceries, what problems could
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LAP TEST ANSWER KEY: TROUBLESHOOTING UNIVERSAL MOTORS

. A
2. C
3. C
L, A
5. D
6. D
7. D
8. C
9. B
0. C

V 49
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CERFOAMAMCE ACTIVITY: Repairiry Universal Motors

OBJECTIVE:

kepair a universal motor following the steps for repalr given in the
artached ~hecklists.

LYALULTION PROCEDURE:

fhe zcopllance mas. operate properly and che student is Lo o@make o checke
‘ist on repair of the motor that is consistent with the given checklists.
Successfully complete at least 80% of th= items on a nultiple-choice
test about this LAP.

REESCURCES:

[1lustracion of a Universal Motor. (Atrtached)

Checklist on repaiv of the motor. (At tached)

iniversal motor.

Sorvice Manuals.

Ele rotric Motor R(.__der, by Robert Roscnberqg, pagey 264-2065.
30-w 01l

PROCLLURL:
sSteps

1. follow the checklists for repairing a motor. (Attached)
2. Complete the multiple-choice test items for this IAP.

Principal Author{s): T. ailler

Q
440
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C ) LAP TEST: REPAIRING UNIVERSAL MOTORS

tlow meny start windings ere required by a shaded pole motor?

o, three
. four.
c. two.
d. one.

wWhen zre the field windings and armature in 2 universal motor tested for defects?

o. after assembly.
b. before assembly.
2. before and after assembly.

¢. after cleaning and lubrication.
If 2 universal motor sparks badly, the trouble may be:

a shorted fields.
b. overlcad.
high mica.
wrong voltage.

9]

ol

Reversed coil leads in a universal molor will cause:

a. hot motor.

b. bad sparking.

<. smoke.

d. o~ oaqun.,

If a universal motor has poor torgue, the trouble may be:

brushes off neutral.
shorted armature.
. uoverload,

. shorted field.

- W

{

If o universal motor smokes, the trouble may be:

o,  roversaed coil leads.
b. high mica.

c. worn bearings.

d. wrong brush position.
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~J

If a universal motor has dry bearings, it will:

a. spark badly.
b. smoke.
c. have poor torque.
d. run hot.
8. If a universal motor sparks badly, the trouble may be:
a. brushes off neutral.
b. overload.
c. wrong voltage.
d. shorted ficid poles.
9. How many coils are usually found in a universal motor armature slot?
a. two.
b. one.
c. three.
d. four.

10. When installing new insulation in a universal motor armature, how far should
the insulation extend above the end of the slots?

2. 1/4inch.
b. 1/16 inch.
c. 3/8inch.
d. 1/2inch.




78.01.08.04.A2-2

LAP TEST ANSWER KEY: REPAIRING UNIVERSAL MOTORS
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PERFORMANCE ACTIVITY: Operation of the Shaded Pole Motor

OBJECTIVE:

Describe the operation of a shaded pole motor.

EVALUATION PROCEDURE:

Student is to write a description about the operation of a shaded pole
motor that is consistent with the attached checklist. Successfully
complete ast least 80% of the items on a multiple-choice test about this
LAP.

RESOURCES :

Checklist on operation of a shaded pole motor.

Eiectric Motor Repair, Robert Rosenberg, pages 265-267.

Introduction to Power Technology Principles of Electric Motors, Vega,
pages 28-31.

Shaded pole motor.

PROCEDURE :
Steps
1. Rea.! _ . v 265-267 in L1 ~tric Motor Repair.
2. Follow the checklist For operation of motors. (Attached)
3. Complete experiment #3 Shade-Pole Motors in Introduction to Power

. Technology pages 28-31.
4, Gperate the motor and observe the characteristics of the motor
according to the items listed on the operational checklist attached.
5. Complete the multiple-cholce test items for this LAD.

o Orincipal Author{s): T. Ziller

ERIC

A
P o] :
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OPERATIONAL CHECKLIST FOR SHADED POLE MOTOR

1. Connect motoi to power source.
2. Salient field poie is one heavy solid copper coil (1 turn).
3. Field coil lies cn top.

4. Disconnect motor frecm power source.
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PERFORMANCE ACTIVITY: Shaded-Pole Motor Construction

OBJECTIVE:

Tdentify the component parts of a shaded-pole motor.

EVALUATION PROCEDURE:

Student is to identify by labeling the component parts of a shaded-polc
motor that is consistent with the attached checklist. Successfully
complete at least 80% of the items on a multipie-choice test about this
LAP.

RESOURCES:

Illustration of a shaded-pole notor. (Attached)

Checklist on disassembly of a shaded-pole motor. (Attached)
Electric Motor Repail, Robert Rosenberg, pages 265-267.
Shaded-Pole motor.

PROCEDURE:
SLQI).‘
1. ceview Dacees 265-207 in Electric Motor Repair.
2. Fo:' Si o ochinrklist oo Aisassembly of motors. (Attached)

s

Comptete the multipleo-choice test items for this LAP.

Principal Author(s): T. “iller

ERIC 4t
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CHECKLIST FOR DISASSZMBLY: SHADED POLE MOTOR

1. Scratch two (2) lines on end of stator and end bell (about 3" long).

2. Scraich one (1) line on end of stator and other end bell (About }" long) .
3. Remove bolts {don't lose nuts and bolts} .

4. Gently tap end bells and remove from stator.

Cently remove rotor from stator.

Ul

6. Refer to the exploded view.

ERIC 4R
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LAP TEST: OPERATION AND CONSTRUCTION OF THE
SHADED POLE MOTOR

78.01.08.05
7. How are the shaded poles connected?
a. c<eries opposing.
b. parallel alternately.
c. series alternately.
d. parallel supporting.

2. During the part of the sine curve where the current drops near maximum to O,
curreact in the shaded coii will again be:

a. lagging.
b. opposed.
c. dropred.
d. induced.

3. A characteristic of a shaded pole motor is:

a poor starting torque.

b. maximum torque on starting.
c low torque at high speeds.

d low RPM.

4. Where are shaded pole motors used?

a. i~ .. u=zvices.

b. compressor motors.
c large appliances.

d power tools.

5. How z2re shaded pole motors reversed?

a. reverse the current.

. reversed the brushes.

¢. reversed field coiis.

(4. one shaded winding is closed one shaded winding is open.

i RICH

- PAruirtext providea by emc |
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78.01.08.06
6. Shaded pole motor consists of:

two end bells, one stator, one rotor, and one set of brushes.
two end bells, two stators and one rotor.

two end bells, one rotor, one stator and one fan.

two end bells, one rotor and one stator.

o0 g ow

7. How can a shaded pole motor be reversed?

a. by switching the positions of the end bells.
b. by changing the windings.
c. by reversing the stator.
d. by reversing the rotor.
8. ldentify item number 1 on the attached illustration?
a. rotor.
b. bearing.
c. stator.
d. winding.

9. All shaded pote motors have rotors of what type!

a. squirrel cage.
b. slotted.

c. split phase.
d.

fast starting torque.

10. Why can only one end plate be removed on a shaded pole motor?

a ne pes t Oof L2 frame.

b its spot welded.

c. it has a special bearing.
d its parti of the rotor.

ERIC 151
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LAP TEST ANSWER KEY: OPERATION AND CONSTRUCTION OF THE
SHADED POLE MOTOR
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PERFORMANCE ACTIVITY: Troubleshooting Shaded Pole Motors

OBJECTIVE:

Troubleshoot shaded pole motors following the steps given on the
attached checklist.

EVALUATION PROCEDURE:

The appliance must operate properly and the student 1s to make a
checklist on troubleshooting the motor that is consistent with the
given checklist. Successfully complete at least 80% of the items
on a multiple-chcice test about this LAP.

Ohmmeter
Growler
Ammeter
Voltmeter

RESQURCES::

Checklist on troubleshooting a motor. (Attached)
Shaded pole motor.

Service Manuals.

Zlectric Motor Repair, by Robert Rosenberg.

PI'"CEDURE :

Steps
1. Follow the checklist for troubleshooting a motor. {(Attached)
2. Compiete the multiple-choice test items for this LAP.

Principal Author{s): 'T. “iller

ERIC .y
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CHECKLIST FOR TROUBLESHOOTING: SHADED POLE MOTOR

1. Make a thorough visual inspeaction.

2. if motor runs hot, check for:
a. Worn bearings.
b. Dry bearings.
c. Shorted fields {Ohmmeter) (Growler).
d. Overload (Ammeter).

3. If motor smokes, check for:
a. Worn bearings.
b. Shorted fields {Ohmmeter) (CGrowler).
c. Wrong voltage (Voitineter) .
d. Overload (Ammeter) .
4. If motor has poor torque, check for:
a. Shorted field (Ohmmeter) (Growler).
b. Worn bearings.
c. Plugged with dirt.
5. Take a resistance reading on the motor field windings. (Record value).

6. Plug the motor into 115V AC power source.

7. Take a voltage reading on the motor terminals. (Record value) Compare with
manufacturer's name plate.

8. Usi:g an amp:oebe tgke a current reading on the motor (Record value) . Compare
with 2= turer's name pl».

9. Disconnect from AC power.
10. Connect fields toa low D.C. voltage.

11. Use a compass and check for polarity.
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LAP TEST: TROUBLESHOOTING SHADED POLE MOTORS

1. If a shaded-pole motor has poor starting torque, the trouble might exist in:
a. the voltage being applied.
b. the load.
c. the field.
d. the armature.
2. If a shaaed-pole motor smokes, the repairman should check for:
a. dil’t.
b. a shorted armature.
c. wrong voltage.
d. a shorted auxiliary winding.

3. What piece of test equipment should be used to test for an open-field coil
in a shaded-pole mcior?

an ohmmeter
a wattmeter
a voltmeter
an ammeter

[o NN o BN o NN oY

4. If a shaded-pole motor is plugged with dirt, one symptom will be:

a. heat.
L. a non-oporational motor.
c. s tue
d. poor torque.
5. If a shaded-pole motor is noisy, the trouble may he:
a. bad brushes.
b. the wrong brush sctting.
<. worn bearing.
d. a shorted field.

6. When using a test lamp on a open-field coil of a shaded-pole motor, the light
would:

a.  stay cut.
b. glow brightly.
. glow normally.

Jd.  qglow dimly.
) s

O




Page 2 78.01.08.07.A2-2

7. When using a test tamp cn a shorled ficld-coil of a shaded-pole motor, the

light would:

a. glow dimly.

b. glow brightiy.
c. glow normally.
d. stay cut.

8. How many phases does a shaded-pole motor have?

a. 2
b. 1
c. 3
d. 4
g What meter would you use to troubleshoot a shaded-poie motor?
a velocity meter
b. ampmeter
c. VOM
d nicrometer

10. Windings in a stator in a shaded-pole motor must be connected so what will

develop?

a. alike polarity results

b. variable polarity results
¢. consistant polarity results
d. alternate polarity results
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LAP TEST ANSWER KEY: TROUBLESHOOT!NG SHADED POLE MOTORS
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PERFORMANCE ACTIVITY: Repairing Shaded Pole Motors

OBJECTIVE:

Repair a shaded pole motor following the steps for repair given
on the attached checklist.

EVALUATION PROCEDURE:

The appliance must operate properly and the student is to make a
checklist on repair of the motor that is consistent with the given
checklists. Successfally complete at least 80% of the items on a
multiple-choice test about this LAP.

RESOURCES:

light machine o1l
varnish

Il1lustration of shaded pole motor. (Attached)
Checklist on repair of the motor. {(Attached)
Shaded pole motor.

Service Manuals.

Electric Motor Repair, by Robert Roscnberq.

PROCEDUW™

Steps
1. Follow the checklists for repairing a motor. (Attached)
2. Comclete the multiple-choice test items for this LAP.

Principal Author{s): T- Ziller

A 473

IToxt Provided by ERI
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CHECKLIST FOR REPAIRING SHADED POLE MOTORS

Service
1. Lubricate bearings. (light machine oil)
2. Insure that motor is not filled with lint or dirt.

3. Check for free rotation of shaft.

Repair
1. Using proper tools, remove bad bearings.
2. Replace bearing.
3. Lubricate new bearing.

Rewinding
1. Strip the stator.
2. Check for correct size of magnetic wire.
3. Fit paper insulation in stator. {(see instructor when completed)
4. Rewind motor using the form winding method.
5. Splice and connect leads. (see instructor when completed)
6. Test new winding with proper test equipment.
7. Dip stator in varnish.
8. Reassemble the motor.
3. Connect motor to power source.
Reassembly
1. Gently set rotor inside stator.
2. Align end bells.
3. Insert bolts and tighten.
4. Connect motor to power source.
5. Refer to exploded view.
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1. What method should be used to rewind a shaded pole motor?

LAP TEST: REPAIRING SHADED POLE MOTORS

a set winding.

b. skein winding.
c. hand winding.
d. form winding.

2. What will an ohmmeter read when testing a shorted armature coil for a shaded
pole motor?

a. zero.

b. a little resistance.

c. infinite.

d. the test cannot be performed with an ochmmeter.

3. Why should insulating paper be placed on the corners of a shaded pole motor
or around its core?

a. to prevent the coil from shorting.
b. to prevent damage to the armature.
c. to prevent the coil from grounding.
d to prevent a blown fuse.

4. The easiest way to reverse a shaded pole motor is to:

a reverse the field connections.

b reverse the stator in its housing.
c. rewind the ficlds.

d rewind the stator.

5. If after repairing a shaded pole molor you find that the motor does not run, what
may be the cause!?

magnetic flux lines are intersecting 2 45 degrece.
loose bearings.

magnetic flux lines are parallel.

shorted field windings.

o N oo

5. A shaded pole motor has which of the following characteristics?

very long life.
low starting torque.
high starting torque.

EMC . very high efficiency. 4 (,‘2

a n oo
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7.

10.

When are shaded pole motors used?

where extremely long life is desired.
where high starting torque is needed.
where very high horsepower is needed.
where high starting torque is not needed.

o n oo

The stator on most shaded pole motors is constructed with what type of core?

laminated core.

solid core metalic.

very soft core.

resister nonmetallic core.

on oo

When repairing a field winding, how many turns should be in each field winding?

a. as many as specifications call for.

b. it depends on the horsepower of the motor.

c. it depends on if the motor is AC or DC.

d. all shaded pole motors require 1,237 field windings.

When repairing most shaded pole motors, what should be done with the shaft
bushings or bearings?

lubricated with grapnite.

greased with mutli purpose grease.
oiled with heavy oil.

oiled with light machine oil.

o0 O"QJ
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= UNIT POST TEST: UNIYERSAL AND SHADED-POLE MOTORS

78.01.08.01

1. What are the twe major characteristics of a universal motor?

a. high starting torque and variable speed
b. low starting torque and variable speed
¢. low starting torque and lots of power

d. high starting torque and censtant speed

2. Why is the universal motor the most popular type in the fractional horsepower
size?

a it is inexpensive

b. it is used on most household appliances
c. it doesn't have field coils

d. it can be used as a generator

3. What is the purpose of the field core in a universal motor?

a. it houses the bearings

b. it supports the outer housing
c. it holds the armature

d. it hoids the coils

4. The type of motor that can be used on either AC or DC voltage is:

a. a st zed-pole motor
L. a split-phase motor
c. a universal motor

d. a repulsion motor
5. Universal motors run on what currents?

a 115 volts
b. AConly
c. DC only
d. single-phase AC or DC

=
AN
G
|
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78.01.08.02
6. Where is the frame located on a universal motor?

enc ates
outer housing
coil bracket
field core

onoo

7. Why are universal motors usually built into the device they drive?

0. they run at very low speed and cause vibration
b. they don't have any moving parts
c. they run at dangerously high speed without foad
d. the bearings don't have to pe lubricated

8. Identify #1 on the exploded view of a universal motor.
a. oil seal
b. carbon brush holder
c. bearings
d. carbon brushes

9. ldenti‘y #2 on the attached figure.

a. armature coils
b. field coil.

c. commutator

d.

metal clamps
10. Identify #5 on the attached figurc.

a. co™..urator

w. armature coils
c. fan

d. laminated core

78.01.08.03
11. If the bearing housing was hot in a universal motor, the problem might be:
a. the wrong voltage being applied
b. a shorted armature
c. a bad or dry bearing
d. an open ficid coil

426
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78.01.08.03 (continued)

12. What piece of test equipment should be used to test for an open field coil
winding in a universal motor?

a voltmeter
2 wattmeter
an ohmmeter
an ammeter

Qo g o

13. When using a test lamp on an open-field coil of a universal motor, the light

would:

a. stay cut

b. glow normally
c. glow dimly

4. glow brightly

14. Whan metering a universal motor's field coil, the meter is connected:

a in parallel with the commutator

b. in parallel with the field coil

c. in series with the stator windings
d in series with the field coil

15. If the insulation is burnt on the field coils:
a. revarnish
b. rewind the coils
c. it is a normal condition
d. rewind the whole motor

78.01.08.0%

16. When are the fiel 1 windings and armature in a universal motor tested for

defects?

a. after assembly

b. before assembly

c. befeire and after assembly

d. after cleaning and lubrication

17. If a universal mctor ¢ parks badly, the trouble may be:

a shorted fi:lds
b. overtloar

c. high in:ca

d. wrong\\alaye
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78.01.08.04 (continued)

18. If a universal motor has dry bearings, it will:
a. spark badly
b. smoke
c. have poor torque
d. run hot
19. If a universal motor sparks badly, the trouble may be:

a brushes off-neutra!
b. overload

c. wrong voltage

d shorted field poles

20. How many coils are usually found in a universal motor armature slot?

a. two
b. one
c. three
d. four
78.01.08.05

21. Single phase induction motors require an auxiliary winding to provide t..e
motor with starting torque. How is this done in a shaded-pole motor?

a. one closed turn of heavy copper wire embedded in one side of each stator
pole

b. there is no eed because it has very little torque
c. ma~, turns of light coppcr wire in the stator or frame
J. it is wound at same time as the field coils

22. When does the magnetic axis flux shift from the unshaded part of the pole
to the shaded part?

a in one full cycle

b. it dcesn't shift

c. in one and a half cycles
d. in one-half cycle

23. What is the phase difference between the shaded winding and the field windings?

a. U5 degrees

b. 180 degrees

c. 90 degrees
Q d. 270 degrees
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78.01.08.05 (continued)

24. Shaded-pole motors have stators constructed similarly to what other motor?

a split-phase
b. wuniversal

c polyphase

d. shunt wound

25. As current drops, what is induced in the shaded coil?

very little current

no current

a great amount of current
. reverse current

78.01.08.06
26. ldentify figure number 5 on the attached illustration:

Qo ogo

a. rotor
b. end bell
c. bearing
d rotor
27. Identify figure number 4 on the attached illustration:
a. end bell
b. bearing
c. stator
d. winding
28. ldentify item number 3 on the attached itlustration:
A rotor
b. end beill
¢. winding
d stator

29. Identify item number 2 on the attached illustration:

a. stator
b. winding
c. end bell
d. rotor

ERIC 470
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78.01.08.06 (continued)

30. ldentify item number 1 on the attached illustration:
a. rotor
b. bearing
c. stator
d. winding
78.01.08.07
3t. If 2 shaded-pole motor smokes, the repairman should check for:
a. dirt
b. a shorted armature
c. wrong volitage
d. a shorted auxiliary winding
32. What piece of test equipment should be used to test for an open-field
coil in a shaded-pole motor?
a. an ohmmeter
b. a wattmeter
c. a voltraeter
d. an ammeter
33. If a shaded-pole motor is plugged with dirt, one symptom will be:
a. heat
b. a nlon-operational motor
c. smoke
d. pos. lorqyue
34. When using a test lamp on a shorted field-coil of a shaded-pole motor, the
light would:
a. glow dimly
b. glow brightly
c. glow normally
d. stay out
35. Windings in a stator in a shaded pole motor must be connected so what will

develop?

alike polarity results

\ :riable polarity results
consistant polarity results
alternate polarity resuits

anow
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78.01.08.08

36. What will an ohmmeter read when testing a shorted armature coil of a shaded-
pole motor?

a. zero

L. a little resistance

c. infinite

d. the test cannot be performed with an ohmmeter

37. Why should insulating paper be placed on the corners of a shaded-pole motor
or around its core?

a. to prevent the coil from shorting
b. to prevent damage to the armature
c. to prevent the coil from grounding
d. to prevent a blown fuse

38. The easiest way to reverse a shaded pole motor is to:

a reverse the field connections

b. reverse the stator in its housing
c. rewind the fields

d rewind the stator

39. A shaded pole motor has which of the following characteristics?

a. very long life

b. low starting torque
c. high starting torque
d. very high efficiency

40. The stator on most shaded pole motors is constructed with what type of core?

g laminated core

b. solid core nonmetallic
c very soft nonmetallic
d resistive nonmetallic
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= \\\\\ o UNIT PERFORMANCE TEST: UNIVERSAL AND SHADED POLE MOTORS

OBSECTIVE 1:

Given a malfunctioning universal or shaded pole motor the student will service
and repair a motor so that it functions according to the manufacturer's specifi-
cations, following safe practices and procedures.

OBJECTIVE 2:

Usiny appropriate tools and test equipment the student will take shorts and open
tests.

OBJECTIVE 3:

Using appropriate equipment, the student will rewind a faulty universal or shaded pole
motor.

OBJECTIVE 4:

Using appropriate tools and test equipment, the student will calculate and record
amperage, voltage, resistance and wattage of the universal or shaded pole motor.

TASK:

The student will service and repair a universal or shaded pole motor and, in the

process, he will make shorts and open and grounding tests, using appropriate test
equipment.

ASSIGNMENT :




Page 2 78.01.08.00.A1-5

CONDITIONS :

The student will be given a malfunctioning universal or shaded pole motor. (It

may be bugged by the instructor or it may be one brought in by a customer.) He

will be required to service and repair the motor in conditions similar to those

in a typical motor repair shop. He will be allowed to use any and all tools, equip-
ment, service manuals, text hooks, etc., commonly found in a repair shop. He must

complete it in a reasorable length of time with no assistance from the instructor(s)
or students.

RESOURCES :

Tools: internal-external snap ring pliers
7-piece nut driver set '
Tool box 18x8x9
Circular gauge
Hacksaws
Pulley puller
Arc joint pliers
Lineman's pliers
Diagonal cutting pliers
Long chain-nose pliers
Locking ptlier wrench
Coil tamping pliers
d-piece standard set screwdrivers
Center punch
Cold chisel
Ball pein nammer
Lug crimpers
Wire skinner and straightener

Equipment:

Coil stripping chisel
Armature winder

Coil wiiuer

External Growler
Insulation former
Coil shapers
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PERFORMANCE CHECKLIST:
OVERALL PERFORMANCE: Satisfactory Unsatisfactory
CRiTERION
Met Not Met

Objective 1:

1. Follows safe practices and procedures.

Criterion: a. No ingjury results to the student or equipment.

b. Complies with OSHA requirements.

2. Follows proper proceduies for disassembly.

Criterion: No damage results to the me*or.

3. Diagnoses and troubleshoots malfunctions properly.

Criteeion: When repaired, the motor functions according to

the manufacturer's specifications.

4. Reassembles the motor properly..

Criterion: Appliance functicns according to the manufacturef's

o]
specificatizns and the procedures followed agree
v.ith those described in the service literature.
5. The repaired motor is reprired in a neat, professional
manner.
I
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(Checklist continued)

CRITERION
Met Not Met

Criterion: No damage results to the motor such as opens and shorts.

6. A1l conn=ctions and fastenings are properly completed.

Criterion: The motor connection complies with the manufacturer's

specificatinns. The connections are mecharically

fastened and structurally sound. The connection

is electrically fastened and free of defects.

7. Motor functions according to the manufacturer's specifi-

cations.

Criterion: Manufacturer's specifications.

8. Uses appropriate repair part and supplies.

Criterion: They match exactly those listed in the manufacturgr's

ae—s ——— p—

specifications.

Objective 2:
| s

9. Test for grounded commentator, using test lamp.

Cri“erion: Trouble-shooting techniques reveal the malfunctio

- e e e o e N N SR

as identified on the job sheet.

10. Test for shorted commentator, using test lamp.

Criterion: Trouble-shooting techniques reveal the malfunctio

as identified by the job sheet.

11. Test for grounds, using growler or millivolt meter.
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(Checklist continued)

CRITERION
Met Not Met

Criterion: Trouble-shooting techniques revea! the malfunctiof

as identified by job sheet.

i 12. Test for shorts in the field coils, using a growler.

Criterion: Trouble-shooting techniques reveal the malfunction

as identified by job sheet.

13. Test for shorts in the armature coil, using a growler.

Criterion: Trouble-shooting techniques reveal the malfunctior

as identified by joh sheet.

14. Test for an open vield coil, using an ohmmeter

Criterion: Trouble-shooting techniques reveallthe malfunction

as identified by job sheet..

15. Test for an open armature coil, using an ohmmeter.

Criterion: Trouble-shooting techniques reveal the malfunction

as identified by job sheet.

16. Test for reversed coils, using a compass or bar

magnet test.

Criterion: Trouble-shooting techniques reveal the malfunction,

| as identified by job sheet.

Objective 3:

17. Uses coil-stripping tool to recve coils.
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6
(Checkliist continued)

CRITERION
Met Not Met

18. Uses armature winder, if appropriate, when winding the

armature.

19. Uses coil winder, if appropriate, when winding field coil.

20. Uses insulation former, if appropriate, when insulating.

21. Usas coil shaper, if appropriate, on the field coils.

Critericn: Proper equipment application results in a

defect-free operative motor.

Objective 4:

22, Uses test equipment properly.

23. MWattage readings are accurate.

24. Voltage readings are accurate.

. 25. Amperage readings are accurate.

26. Resistance reodings are accurate.

Criterion: Manufacturer's specifications.

27. When applicable, mathematical calculations are correct.

Criterion: AC/DC Circuit Manuals, Westinghouse.

28. The motor is repaired in a reasonable time.

Criterion: Not to exceed 6 hours.

The student must successfuly complete 25 out of 28 'ine items

to achieve an overall score of satisfactory.




