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PREFACE.

For many years there has been a need for an infensely practical,
nontheoretical book on electric-motor repair and rewinding thaot
could be used by men with little background of electrical knowledge.
This has been only 1oo evident in my contacts with workers over a
period of many years in motor repair shops and with learners during
ten years as an instructor in motor repair and armature winding in
the New York City vocational high schools. It is with the hope of
satisfying this pressing need that this book has been written.
Inclusion of more than 900 illustrative drawings should make it
particularly valuable as a direct working guide, not only fo the
student but to the repairman at the bench, and in helping the
student fo a clearer understanding of the text.

Because the troubleshooter and repairman must learn to do
satisfactory work in the shorlest possible time, | have tried to
point out the. best and quickest methods for testing and repairing.
The summary headed Troubleshooting and- Repair ot the end of
each discussion should be especially helpful.
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CHAPTER |

Split-phase Motors

Fi1¢. 1-1—A split-phase motor. (Wagner Electric Co.)

Fic. 1-2—A complete rotor of a split-phase motor. (Wagner Electric Co.)

®

Fic. 1-3—A stator of a split-phase motor mounted inside the frame. (General
Electric Company.)

Figures I-1; 1-2; 1-3



SPLIT-PHASE MOTORS

Running Starting
Winding an_ﬂng
S

L

Fig. 1-4—A circuit of the
two windings and the centrifu-
gal switch when the motor is
operating at full speed.

To Line

-
Centrifugal Switch

F16. 1-5—One end plate of a fractional-horsepower a-¢ motor.

. s

Contacts

™

Terminal
Block

STATIONARY. PART. OF
CENTRIFUGAL- SWITCH -
NOTE. THAT- LINE- TERMINALS -
ARE LOGATED ON THIS SWITCH:
Fic. 1-6—Two variations of the stationary section of one type of centrifugal
switch which consist of a U-shaped yoke mounted on a terminal block.

Figures 1-4; 1-5; 1-6
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Centrifugal
Assembly

FrG. 1-7—The rotating mechanism of a centrifugal switch. (General Electric
C'ompany.)

Rotor at Standstill

. ‘:':] Contacts Closed
Fic. 1-8—Steps in the op-

eration of a centrifugal
switch. ‘

Centrifugal Action Moves Rotor at Full Speed

Rotating Section Away i
T tocts Allows Switch to Open

Copper Fingers

Copper Finger
ROTATING PART STATIONARY PART

F1c. 1-9—The rotating and stationary parts of one type of centrifugal switch.

Figures 1-7; 1-8; 1-9



4 SPLIT-PHASE MOTORS

F16. 1-10.—The two windings of
a split-phase motor. Note the four
sections or poles in each winding.

ToLine .
Rurping

) ra{ﬁ/:)g

To Line

L %
Cent. Sw., Cent.Sw.
Closed on Start Switch Opens after Reaching

75% of Normal Speed
(a)} (b)

F1c. 1-11—The change in motor circuit caused by a centrifugal switch.

Running Pole Fﬁunmnq Poles 1 Pole Running Pole

Fie. 1-12—A diagram of the stator in Fig. 10 with slots and windings shown
as they would look if rolled flat. The starting-winding poles are located between
two running-winding poles.

Figures 1-10; I-11; 1-12
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! 2 3 45 67 8 9 101l 1213145 16 17 1819 20N 22 23 24 25 26 27 20 29 30 3 3@
[ali] o.n [nlinllslla] =] [ali=la] [nlizl=lis)

Running Storting

POLGRE £ DJOaR

One Pole

F16. 1-13—Each pole consists of three coils, and each coil is wound in two slots
separated by other slots.

L Pitch land 8
Pitch lond 6

F1e. 1-14—The pitch, or span, of the three
coils forming one pole.

{nner Coil Pitch 1and 4
Center Coil Pitch 1and 6
Outer Coil Pitch 1 and 8

Sfof NO 123 485687 89 1011 12 13 14 15 16 17 18 19 RO 2122 £3 24 25 2627 28 2930 5! 32

Running e :H\\ T TN 1 N
AR AR AR R

Starting [T~ T ] T g
SN RN RN RN | AR

Fic. 1-15—The method of recording the pitch of the coils in a 32-slot, four—polfe
motor. The number of turns in each coil can be recorded alongside each coil
in the diagram if so desired.

Figures 1-13; 1-14; 1-15
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SIO'NO. 1 2345678 9101121314516 17819 20 2! 22 23 2425 26 2T 20 29 303/ 3233343536

. - =~ P= N
Running A RN 7 ﬁ\\\ /;/jC:?§\\

N
i
: 1l Pbd i

Fic. 1-16—Pitch data of a 36-slot. four-pole motor. The poles of the starting
winding are not the same; one pole has four coils while the next has three.

7 8 9 jon (21314 1516171819 20 21222384 |

SlotNe. 123458
Runnir; iy d /3 N LA j\
g 4 /"‘:S\/ /"‘3\ /] 7 §\ \IGC”\ N
Storti T /:\\ T T T |
arring h:F //P‘ K/ ™~ /,_\\P g

Fio. 1-17—Pitch data of a 24-slot, four-pole motor. The outer coils of ad-
jacent poles are in the same slot.

Fig. 1-18—The method of forcing a hack-saw blade into a wedge.

Insulation

Cuffs Fi1e. 1-19.—An insulating strip and
its placement in slot before winding.

Feeder to Protect Wire from Insulation
Scraping Iron While winding\ ) in Slot

7 ) | o7
TU Y

Figures 1-16; 1-17; 1-18; 1-19
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Fie. 1-20.—The position of the mo-}
tor and wire spool during winding op-
eration.

i

)
_ . Continue Untl
Start with Inner Coil Continue to Next Larger Coil Entire Pole Is Finished

Fic. 1-21.—The procedure for winding one stator pole by hand.

Fia. 1-22—Wooden dowels may be placed in empty slots to hold coils in posi-
tion while winding,.

Fi6. 1-23—Properly spaced single
turns of wire determine the size of
the wooden forms shown in Fig. 1-24.

Figures 1-20; I-21; 1-22; 1-23
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Blocks Bolted

Together
1
L J
1 F1e. 1-24.—Wooden blocks provide
- forms on which to wind coils,
[_7
)

e 15T it of e RN

mining ‘the size of the skein.

) End
Single Piece of Wire
Wound in Slots

Beginning ¢
g e/vf,

Fic. 1-26—The size of the skein
obtained from a single wire.

4
/ Wire Removed and Shaped
to Rectangulor Form

Fi1e. 1-27.—A coil

around nails to form a skein.

wound

Figures 1-24; |

-25: 1-26; 1-27
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Fic. 1-28 —After it is removed from
the nails, the skein is placed in slots
of the lowest pitch.

Fic. 1-29—The skein is twisted and
placed in the slot of next pitch (a)
and twisted again to form final pole
(b).

Fic. 1-30—A skein winding with a double coil f
in the center.

Double Coil

Figures 1-28; 1-29; 1-30
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Pole 1 Pole 2
Currentin Currentin
Clockwise Counterclockwise

Direction Direction

F16. 1-31.—The connection
of adjacent poles to obtain
opposite polarity,

|
r-jt) iy
ey !
Beginning
Lead

Pole! Pole2 Pole3
Clockwise Counterclockwise Clockwise

Beginning Beginning ——— ]

Fi16, 1-32—The connections of three poles.

Pole 1 Pole 2 Pole 3 Pole 4
Claockwise Counterclockwise Clockwise Counterclockwise

Beginning
Line Leads

<=

Beginning

Fic. 1-33—Four poles connected together and to the line.

Pole | Pole 2

Current in Currentin Fia. 1-34—A block diagram of cir-
Clockwise Gounterclockwise . . ’
Direction Direction cuit of Fig. 1-31.

Figures 1-31;1-32; 1-33; 1-34
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Fic. 1-35—Continued from Fig. Polel Pole 2 Pole 3

1-34. The beginning of pole 2 con- m@
nects to the beginning of pole 3. = =

Pole 1 Pole 2

—>

Pole 3 Pole 4 Fia. 1-36—The end of
s pole 3 connects to the end
|_<— of pole 4. The line is con-
nected to the beginning of
pole I and pole 4.

[z

To Line

Running Winding
4-Pole Motor

Beginning Lead 1

Line Leads

-
<=

F1a. 1-37—Four poles of
the running winding. The

poles are connected so that Pole 1 Pole 2 Pole 3 Pole 4
the current through pole 1 Py
Is iIn a clockwise direction; = = <

through pole 2, in a counter- To Line
clockwise direction; pole 3, =
clockwise; pole 4, counter-

clockwise.

<=
Running

Line

Starting

Fie. 1-38—A four-pole split-phase motor connection.

Figures I-35; 1-36; 1-37;1-38
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<= Running

ToLine

= FEFE
Cent Sw—"} Starting

Fic. 1-39—A four-pole, split-phase motor showing the centrifugal switch con-

nected in the center of the starting winding.

To
Line — .—lRunning

Fic. 1-40.—A four-pole split-
phase motor connection shown
in a circular diagram.

Cent.Sw.

Starting

/ Running

Fig. 1-41—A split-

phase motor with four
leads brought outside the
frame for reversing.

To Line

Figures 1-39; 1-40; 1-4|
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D 2>

To Line

Fic. 1-42—The connec-
tions of a six-pole splt-
phase motor,

Fic. 1-45—A two-circuit connection of a four-pole running winding.

Fic. 1-44—Another method for connecting a two-circuit, four-pole running
winding.

Fi6. 1-45.-—One method
of connecting wires be-
tween poles.

TTSTTSS

These Wires are Spliced, SaldorodIand Taped

Figures 1-42: 1-43; 1-44; |-45
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Pole 1 Pole 2

Step 1

These Wires are to be Spliced
Step 2 Wr‘nlshed Sleaving

Varnished Sleeving is
Ploced over the Wires
to be Spliced

Step 3
Over One Slesving is
Ploced Another of
Larger Size

Step 4

The Wires are then
Spliced and Soldered

Fie. 1-46.—A method
of connecting leads to-
gether.

Step 5

The Large Piece of Sleaving is
then Moved over the Splice

Fic. 1-47~The lead is tied to the wind-
ing with cord so that it cannot be broken
off. The windings are also tied to one
another to prevent unraveling.

insulated Flexible Leads
are Spliced to the Beginning
-and End of Each Wire

Figures 1-46; |-47



ILLUSTRATIONS—CHAPTER | 15

F1c. 1-48.—The motor
shown in Fig. 1-41 con-

nected for reversed rota- To Line

tion.

Terminal

Block Frc. 1-49—The connections
of the terminal block on the

To Line end plate. The centrifugal
switch is mounted on the ter-

Cent. Sw. minal block.

Number of Turns 22 42 20 66 45 55
Siot No. 125 45 07 o\ iofn wfisiesiefirim/nosfrermemnrmemsos e s
RN A 3 RN RN RN AR
6-Pole Run AN H 4/? / AN M 5
AN | LA | N | A e

8-Pole Run 1 1 m y 3‘;
£ = 1 11 Sy 11

6-PoleStart [ 3 =N H

Fic. 1-50.—A coil layout of a two-speed, three-winding split-phase motor.

Figures 1-48; 1-49; 1-50



) SPLIT-PHASE MOTORS

% Line ﬁ @ f’g;'d @F 6-Pole Run

] e e e e B o
el el el | e

R
.‘|'s

L

Fi16. 1-51.—The wiring of a two-speed split-phase motor.

Double Contact Cent Sw.

Speed Switch 6-Pole Run
Low “ r / )
To  High
Line Frg. 1-52—The con-
nections of a two-speed
split-phase motor.
6-Pole Start 8-Pole Run

Slot No. P 234 667 8 900 1 IEIS M IS 78 1920 8128 £3 £4 2506 27 28 2850 51 58 55 34 38 38 1
6-pole Run | (FIIRNFERN /7 RN /?/E\:\ AN/ A
BN 1] 7
6-Fole Start A B AT
8-Pole Run | /7R 7::\ R 7::\ 7N /] ::\\ N RN
8-Pole Start AT TN N B

Fie. 1-53.—A typical layout of a two-speed split-phase motor using four wind-
ings. The starting windings are consequent pole connected.

Figures I-51;1-52;1-53
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Running

W W @ Starting

Fic. 1-54—The starting and running winding of the six-pole part of a two-
speed motor. The starting-winding poles are connected for like polarity. There
are only three wound poles; three more poles of opposite polarity are formed
in the stator frame.

Sw.
Hi

]

To Line

FIc. 1-55.—Connections
of a two-speed, four-
winding split-phase mo-
tor.

Lines of Force

Fie. 1-56—If the two poles
of a two-pole motor are con-
nected so that like polarity re-
sults, two more poles will be
formed by the lines of force en-
tering the frame. N
' i
diii?ii'.n

Figures 1-54;1-55;1-56



18 SPLIT-PHASE MOTORS

Fig. 1-574 —Circular diagram of a two-
speed, two-winding, split-phase motor.

C

D_o""a . |

ContSw
Fig. 1-57B.—Straight-line diagram of motor of Figure 1-574.

Ho-voit
Lamp

f(i? 1

To Line

F1a. 1-58.—To determine whether winding is grounded, connect one test lead
to the winding and the other test lead to the core. The lighted lamp indicates
a ground.

ML

Lamp ~— 2

-
ToLine ~| r

Test Leads

F1a. 1-59.—A circuit for testing winding for opens,

Figures 1-57; 1-58; 1-59
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”@’Wﬂ

Open Wire
ToLine T 4
1

Test l‘.eads

Fig. 1-60—The effect of a defective pole. If the circuit is open, the lamp will
not light.

ToLine T T T T i

F1c. 1-61—The method of determining which pole is open-circuited.

Lamp /

2,

To Line

Test Leads?
Fic. 1-62.—Testing the
starting-winding  eircuit
for opens.

Sfarfingr

Figures 1-60; 1-61; 1-62



20 SPLIT-PHASE MOTORS

F1c. 1-63.—The growler method of
testing for shorts in the stator.

Windings Connected to a Source of D.C.

Fic. 1-64.—The compass method of
testing for reversed poles.

Split-Phase Motor

Fi¢. 1-65—Starting the motor
by mechanical means,

Figures 1-63;1-64;1-65
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Fig. 1-66.—An overload de-
vice, consisting of a bimetallic
element that will open circuit
on overload or short circuit.
It is connected in series with
the line.

Starting

Terminal Block
on Frame

Starting

F16. 1-67 —The method
of connecting an amme-
ter in circuit to deter-
mine the current flowing
through the motor.

— | —

Ammefter
.

To Line: l

Running
_—./‘
nd

Cent Sw.

Motor
T

F1e. 1-68—The bearings are tested
by trying to move the shaft verti-
cally.

Figures 1-66: 1-67;: 1-68
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—End Plate- -
-Bearing—
Shaft—

Holes
for Bolts

Fia. 1-70—A worn bearing may
cause the rotor to rub on the
stator core.

Fia. 1-69.—If the shaft can be
moved vertically, it indicates a worn
bearing or worn rotor shaft.

Fig. 1-72.—A motor showing end plates not mounted properly. This prevents
the rotor from turning. Use a mallet to tap plates into position.

Figures 1-69: 1-70; 1-71;1-72



ILLUSTRATIONS—CHAPTER | 23

Bent Shaft

bl 'm||||ilii||i“iiﬁ'iimﬁ? —l
il il
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Shorted Wire

é é é é é é é é é F1a. 1-74—Two coils making electrical contact.

F16. 1-75—A connection mistake often made by beginners.

Lamps

Fia. 1-76 —The rotor under test placed between the open ends of the growler
core,

Figures 1-73;1-74;1-75;1-76
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CHAPTER 2

Capacitor Motors

Fig. 2-1—Fractional-horsepower capacitor motor.
pany.)

(General Electric Com-

Fig. 2-2—Paper capacitors,

Figures 2-1; 2-2
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LAPACITOR

U imppronstid
ey, BRLFILLED

Fia. 2-4—An electrolytic capacitor.

Running
Winding

Starting
Winding
_/‘ =
=

Centrifugal
Switch

.LCapaciror

Fic. 2-3.—An oil-filled capacitor.

f Mg hities Liactsin L7 4

< Flootiatd, . 4

Fia. 2-5—Connections of a capaci-
tor-start motor.

Figures 2-3; 2-4; 2-5
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To Line

Fia. 2-6—Single-voltage capacitor-
start motor connected for clockwise
rotation. Note direction of current
in the windings.

Fra. 2-7.—Single-voltage capacitor-
start motor connected for counter-
clockwise rotation. The direction of
the current in the starting winding
has changed from that shown in Fig-
ure 2-6.

Fic. 2-8.—Straight-line diagram of w%Tne
a four-pole capacitor-start motor.

Cap. Cent. Sw.

Fia. 2-9—Connection diagram of a
four-pole capacitor-start motor.

Figures 2-6; 2-7; 2-8; 2-9
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FiG6. 2-10.—Straight-line diagram of
a four-pole, two-circuit capacitor-start

Start.
wmm prmd mmd Emm motor.
- r S

Cap. Cent Sw.

Fi6. 2-11.—A {four-pole, two-circuit
capacitor-start motor.

Internal
Connection

To Line

Fic. 2-12.—Nonreversible capacitor-
start motor.

{ it Conn

F16. 2-13.—Capacitor-start motor with bimetallic overload device connected in
series with the line.

Figures 2-10; 2-11; 2-12; 2-13
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m Cap.
Overioad Dewcev/,:q»
FiG. 2-14—Connection /

diagram of a two-pole ca-

To Line 5 ////
. . d 7|
pacitor-start motor with | ﬂ ‘D
an overload device. < 4

Lz Ly
FK T 1 T 5‘L
Thermostat I

Fig. 2-16—Capacitor-start motor
with a terminal block capacitor.

Start. Cop.
— Contacts
R
o i Fi¢. 2-17—Diagram of a capacitor-
»f'gggne' start motor using a magnetic switch
Run instead of a centrifugal switch.
HO-Volt
Line

Figures 2-14; 2-15; 2-16; 2-17
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Magnetic Switch end Copacitor
Located Away from Maror“

i
——
N\ | =

Fic. 2-18 —Capacitor-start motor

Start, Run. r— using magnetic switch,
To
Line

'

Magnetic Sw

Fic. 2-19—Connections of
four-pole capacitor-start motor
using a magnetic switch.

Line

Frc. 2-20—A two-voltage capaci-
tor-start motor connected for 110-volt
operation. The running windings are
connected in parallel.

HO-Volt
Line

Cap.  Cent. Sw. Start.
F1c. 2-21.—A schematic diagram of e
a two-voltage capacitor-start motor
connected for 110-volt operation. Run. |

Run. 2

HO-Volt Line|

Figures 2-18; 2-19; 2-20; 2-2|
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. 220-Voit
Fic. 2-22—A two-voltage capacitor- Line

start motor connected for 220 volts.
The running windings are connected
m series.

Cap Start
- . .
CentSw oo0TT Fre. 2-23. A schematic diagram of
a two-voltage capacitor-start connec-
Run.2 Run. 1 tion for 220 volts.
I 220-Volt
Line
Start.
Run. 2

e

Fic. 2-24—A straight-line diagram of a four-pole, two-voltage capacitor-start
motor.

Fie. 2-25—A wiring diagram of a
four-pole, two-voltage, nonreversible
capacitor-start motor. The starting
winding is connected across one run-
ning winding.

Figures 2-22; 2-23; 2-24; 2-25
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FiG. 2-26—A two-voltage capacitor-
start motor with thermostatic pro-
tection. Each running winding is
two-parallel-connected.

00000000

un.!
HOvolt
Line Run.2
— vz Pz [piress) pzZzZZ
= <= =
- = Stort
T

Cent Sw. Cap

F1c. 2-27—A connection diagram for a two-voltage capacitor-start motor. The
running windings are connected two-parallel for 110-volt operation.

14 Turns
32 Turns No.19-2 Circuit

39 Turns
Siot No. 123 e5/8/7/sp0neBussTEe

Rt | R (TP PR | R
Run. BERRN e N PEmad Fic. 2-28—The layout of coils for
" ~\/c—-\\\\ //”:\j_‘._\//’:‘\"\/,h\/c:‘\\jﬁ the two-voltage motor of Figure 2-27.
Stort. BN EESN T = The running windings are similar.
‘\\B Turns
\jg;",';: No.18 Series
13 Turns

Figures 2-26; 2-27; 2-28
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Fia. 2-29.—A two-voltage motor
having one running winding of two 1

sections.
Section 2

Fi16. 2-30.—A four-pole two-voltage
motor diagram with two sections in
the running winding.

T
T
Te

Cent Sw.

Fic. 2-31.—A straight-line diagram of the motor of Figure 2-30.

F1a. 2-32—A two-voltage capacitor-
start motor connected for clockwise
rotation on 110 volts.

Ho-voit
Line

Figures 2-29; 2-30; 2-31; 2-32
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|

Ho-Volt
Line

F1c. 2-33—A two-voltage capacitor-
start motor connected for counter-
clockwise rotation on 110 volts,

F16. 2-34.—A two-voltage capacitor-
start motor connected for clockwise
rotation on 220 volts.

220-voit
Line

F1a. 2-35—A two-voltage capacitor-
start motor connected for counter-
clockwise rotation on 220 volts.

220-olt
Line

L

Cent Sw.

<b?j
o

Start
Fi6. 2-36.—A schematic diagram of |
a three-lead, reversible capacitor-start
motor showing how current in start-
ing winding flows when it is con-
nected across running winding. 4

T

{

Run. |

WTD Line Jjg

Run 2

Figures 2-33: 2-34: 2-35; 2-36
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b o oo

Note Reversal of
Current in Start. Start L

¥

Fi¢. 2-37—Same as Figure 2-36, ex-
cept that starting winding is con-

nected across running winding 2.
Run. ! = Run. 2 JL

‘# To L/nei!7

(o

Fic. 2-38—A wiring diagram of 2

Clockwi
Toline three-lead, reversible capacitor-start
- motor.

ounte

clockwr

Triple-Pole Double-Throw Switch

_ } — e
’7 ! Cap.  CentSw Run.
i

Fic. 2-39.—A capacitor-start motor Forward \@w}s’e

using a triple-pole, double-throw
switch for reversing.
— Y% o Sta

OO0

L

Double Contact Cent Sw. - ——
Normally Closed .-
Relay — i :

Fig. 2-40.—An instantly reversible capacitor-start motor with triple-pole,
double-throw switch for reversing.

Figures 2-37; 2-38; 2-39; 2-40
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Fic. 2-41—A two-speed capacitor-
start motor. This motor always starts
on high speed.

Slot. No. 123456789 0111213415 1617119202 2223 2425262720 293031 3233 343036
6-poke Run. | /7NN SN A
6-Pole Start. R /AR /AN /AR /AR AR
8-Pole Run. | |\ 7:W\ T //;:\\ Pan /// Y P //}:}\\ r

Fi16. 2-42.—A typical layout of coils in a two-speed capacitor-start motor.

Low Cap.

Fic. 2-43.—A two-speed capacitor-

start motor using two capacitors. To Line

Fi16. 2-44—A single-value capacitor-
run motor with the capacitor
mounted on the motor.

ToLine

Figures 2-41: 2-42; 2-43; 2-44
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37

F16. 2-45—An externally reversible,
single-value capacitor motor. To re-
verse, interchange leads 7% and 7

For 220 7\{0”5

Connect Ta to Ti Cap.
and Bring Te ond @ »
Ts fo Line

Te

Fic. 2-46—A two-voltage, single-
value capacitor-run motor connected
for 110-volt operation.

@ Cap.

Fie. 2-47—A single-value, three-
lead, reversible capacitor-run motor.

Stort.
h—”UOUW 00
¢ =

ap.

F16. 2-48—A schematic diagram of
a two-speed capacitor-run motor with
switch in high-speed position.

Figures 2-45; 2-46; 2-47; 2-48
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m Gapacitor May Be

Mounted Away
/ i]

from Motor

Fia. 2-49—A two-speed, single-
value capacitor-run motor.

Start.

Fra. 2-50—A two-speed, six-pole, single-value capacitor-run motor connected
for high-speed operation. For high speed: line L, connects to 71 and Ts; line L.
connects to T» For low speed: line L; connects to 71 and T.; line L. connects
to T..

.

To Line Fic. 2-51—A schematic diagram of

a three-speed, single-voltage capaci-
tor-run motor.

Figures 2-49; 2-50; 2-51
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Fie. 2-52—A wiring diagram of a three-speed capacitor-run motor. Note the
consequent-pole connection on the auxiliary connection.

SIoftNO. 123 45678910112131415161718 192021 22232425262728293031 3233343536 |

I A 11 ™~ % [

| —N — '
an | AN

=171 T T T T P
Start [\ — ENNYIZENNY e\ /iS gs
Aux.| AN //:: /?*’_\#
i 1 N ‘ T : L T

wme| ||| NN AN

Fic. 2-53—A typical layout of a three-speed capacitor-run motor.

F1a. 2-54—An autotransformer con- Laminated Iron Core —
sisting of a coil of wire wound on a = y S
laminated core. The coil is tapped
at scveral points to obtain different a b c d
voltages.

F1a. 2-55—A voltage approximately
twice the line voltage will be pro-
duced across the capaecitor with this
connection.

Figures 2-52; 2-53: 2-54; 2-55
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Fic. 2-56—A two-value capacitor-
run motor using a capacitor trans-
former to change the effective ca-
pacitor value.

To Line

Fi16. 2-57 —Stator connections for a
two-value capacitor-transformer type
of motor.

_ Electrolytic
Capacitor

Fic. 2-58—A two-value capacitor-
To Line Start. run motor using two capacitors.

i

F1c. 2-59.—A two-value capacitor-
run motor externally reversible.

To Line

Figures 2-56; 2-57; 2-58; 2-59
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Fia. 2-60—A two-voltage, two-
value capacitor-run motor connected
for 110-volt operation.

H0-Volt
Line

Poper Cap. q Elect. Cap.

F1g. 2-61.—Connections of two-
voltage, two-value capacitor-run mo-
tor for 220-volt operation.

Fig. 2-62—To reverse this two- j

value motor, interchange leads 7T's and Ho-volt
Te.

Electrolytic Gapacitor

Paper
Capacitor

F1a. 2-634.—A two-unit capacitor.

Figures 2-60; 2-61; 2-62; 2-63
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Paper Cap. [3 I Elect. Cap.

Cent Sw.

Fic. 2-63B.—A two-voltage, two-
value capacitor-run motor with a
two-unit capacitor mounted on top
For 220-volt operation, connect run-
ning windings in series. To reverse,
interchange leads I and 2. These
leads are brought to terminals on the
centrifugal-switch plate.

Ho-Volt
Line

i Double Gontact
Cent. Sw.

Fic. 2-64—A two-voltage, two-
value capacitor motor with a eapaci-
tor transformer mounted on the mo-
tor. To reverse, interchange leads I
and 2. These leads are generally con-
nected to terminals on the centrif-
ugal-switch plate. For 220 volts, con-
nect running windings In series ex-
ternally.

HOVolt.
Line

O, =~ :‘/E? Cent Sw.

Fra. 2-65—A two-voltage. two-
value capacitor motor with overload
device.

HOoVolt
Line

Figures 2-63; 2-64; 2-65
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Fic. 2-66.—Steps in testing a ca-
pacitor: Step 1. Conneet the ca-
pacitor to a line for an instant.

| Screw Driver Placed

. Fie. 2-67—Step 2. Remove line
across Terminal

wires and short-circuit the terminals.
A spark should be visible.

7

Ammeter
B:IO Amps.

7=\
wovarr ~ /
o . A-C Line . Cap. 6
Fre. 2-68—A circuit for capacity test. 60 Cyeles ‘f r
J\J’ - T

Wltmeter
0-110 Volts

Ho-Volt w
Lamp
\@ Fre. 2-69.—Testing a capacitor for
short circuit: If the lamp lights, the
1O-Voit C capacitor is shorted. Note the use of
DC Line ap. Lf direct current.

IIOLVoIf Lamp

Fie. 2-70—Testing a capacitor for NO-Volt
ground. DC.orAC.

Figures 2-66; 2-67; 2-68; 2-69; 2-70
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Leods Disconnected from
Suspected Capacitor and
(\ Connected to Another Capacitor

=/ for Testing
% Run

)

To Line

Fig. 2-72—Changing a two-value
motor into a capacitor-start motor.
This can also be done if the two ca-
pacitors are in one container.

Cut These Wires and Remove Unit

To Line

F16. 2-74—A capacitor transformer
replaced with an electrolytic capacitor
and the motor changed to a capacitor-
start type.

Fi6. 2-71—Testing a capacitor mo-
tor for a defective capacitor by the
substitution method.

Disconnect This Lead

Fic. 2-73.—Temporary repair of a
two-value capacitor motor.

.. New Capacitor
Placed in Unit

_ This Contact
Not Used

Figures 2-71; 2-72; 2-73; 2-74
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Repulsion-type Motors

Fic. 3-1—A repulsion induction motor. (Wagner Electric Company.)

Fiq. 3-2—The stator of repulsion induction motor. (Wagner Electric
Company.)

Axial Commutator

Fig. 3-3—The rotor of a repulsion induction motor. The axial com-
mutator has bars parallel to the shaft. (Wagner Electric Company.)

Figures 3-1; 3-2; 3-3
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Radial Commutator

Fic. 3-4—A rotor having a radial commutator with bars perpendicular to the
shaft. (Wagner Electric Company.)

Radial Commutator

Governor )
Spring

AR N o -

Spr/hg Lock Brush- S Spring:

Retainer Washer Holder o Retainer
Cup Short-Circuiting

Neckioce

Fic. 3-5—A partly dismantled rotor and parts of the centrifugal mechanism.
(Wagner Electric Company.)

— Governor Weights

Short-Circuiting Necklace
and Spring Barrel
-

-Commutator

__ Push Rods

. .— Slots for Lock Washer

! — - Short-Circuiting Necklace
~— Spring Barrel

~ —Brush Holder
— Fiber Washer
L [ — Brush Holder Cup
! Governor Spring

" Spring Retoiners
of the rotor of a repulsion-start, & @ . Lock Washer
mduction-run  motor, showing A\ o L
the short-circuiting and brush- !
lifting mechanism. |

Figures 3-4; 3-5; 3-6
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- ———~Short-Circuiting Necklace

and Spring B?rrel

- Governor Weights

1 ———Threads

- Short-Circuiting Necklace
~-Spring Borrel
. ~Governor Spring

, @y@

Fig. 3-7—An exploded view
of the rotor of a repulsion-start,
induction-run motor. In this
type, the brush holder is lo-
cated in the end plate.

Fi1c. 3-8—A commuta-
tor for a brush-riding, re-
pulsion-start, induction-
run motor.

Cutaway

Spring and Segments . Plate Assembled View Spring and Segments

Fic. 3-9—The assembly of the short-circuiting device of a brush-riding, re-
pulsion-start, induction-run motor.

Fic. 3-10—Four brushes are used
on this four-pole motor. All brushes
are connected together by a one-piece
metal brush-holder rigging and the
pigtails on the brushes.

Figures 3-7; 3-8;3-9: 3-10
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Fi6. 3-11—Two brushes may be
used for a four-pole motor if the
armature is wave-wound or cross-con-
nected.

4 Brushes Connected Together
No Outside Gonnections

220-Voit
Line

Fre. 3-12—A four-pole
stator of a repulsion-start,
induction-run motor, con-
nected for 220 volts.

110-Volt
Line

Fic. 3-13—A four-pole
stator connected for 110
volts.

Figures 3-11; 3-12;3-13
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A 220-\Volt <=
Line [
H10-Volt
Line =

Fio. 3-14.—A. A two-circuit connection for 220-volt operation. B. A four-
circuit connection for 110-volt operation.

Fie. 3-15—A two-voltage
motor. For 220 volts: con-
nect T and T, together; 7',
to line lead, and T to line
lead.

Fic. 3-16.—A six-pole sta-
tor connected for 110 or 220
volts.

Figures 3-14; 3-15;3-16
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Fic. 3-16A.—A straight-line diagram of a six-pole stator with alternate con-

nection.

T

T2 ‘

Tgo |
Ts
Fig. 3-16B—8ame as Figure 3-164, except that the skip- group method of con-

nection is used.

T

Tz
FE]

Te

Fre. 3-17—An 8-pole stator
which can be connected for 110-

or 220-volt operation.

Center Punch Marks\ \

Indicate Center of Po/g Fic. 3-18—Recording the posi-

tion of the poles in a repulsion
motor.

Figures 3-16;3-17; 3-18
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F1c. 3-19—The core section at the center of the pole. It is wider than other

sections.

Slot No, 1234567 8910i1i2i5(4161i5i718192081222524
//:KK M T Size of Wire
o SN o S,
Run. gy gy Eey 18 SCE

vy
‘ Y20 Turns
——-20 Turns
12 Turns

Fic. 3-20.—~The method of recording data for a 24-slot, repulsion-start, induec-

tion-run motor.

Core Centrifugal WeighfsT
Radial Type Winding——j :
Commt.‘lfafor W \

Fic. 3-21—The armature of a repulsion-start, induction-run motor

Figures 3-19; 3-20; 3-21
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Fre. 3-22—A radial commutator
that is pressed on the armature shaft.

Fic. 3-23.—A radial commutator
that screws onto the armature shaft.

G. 3-24—A lap winding with one

F1
coil per slot.

T T T T I T TTTTTITIT T
rNo. 1 ¢ s &« s ¢ 7 6 9 10 4 1 3

Ba

Fi6. 3-25—A wave winding with one coil per slot.

Figures 3-22; 3-23: 3-24; 3-25
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N
i
/

It

Fre. 3-26—A lap winding with two
coils per slot.

/’

A4
[[TTTTITTT

[LTTHTE

Fic. 3-27—A wave winding with
v two coils per slot.

-~
o ~

ARINRRRRNARRANNRRNARANNRNNY

ﬂﬂﬂiﬂﬂﬂ Fic. 3-28—A lap winding with
\‘\

three coils per slot.

\ 7
NS 7/

Fic. 3-29.—A wave winding with ﬂﬂﬂﬂﬂﬂﬂ
three coils per slot. | P

A\
N

Figures 3-26; 3-27;3-28; 3-29
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N
|
i
In This Armature

54

the Center of Slot
_ Lines Up with Mica
. of Commutator

File Marks

Bottom Leads Li;gg ﬁgggé

[TITTITTTT Tl 1T

Bar No. ! H

—_—

~.

Center Punch Marks

Fic. 3-30—Step 1. Record the data for a two-coil-per-slot repulsion armature.

Coils land 2
Horse - Horse
i
Beginning Leads’ { End Leads of Coils
Placed in Bars ==~ Bent Over on Core
One Short 8 One Long Lead

before Winding Coils

Fio. 3-31—Step 2. Place beginning leads in adjoining commutator bars ac-
cording to data and wind the proper number of turns, using two wires in hand.
Cut the wires at the last turn and bend them over the core.

Coils 3and 4
!

maa

Fia. 3-32. Step 3. Place the beginnings of coils 3 and 4 in bars 3 and 4 and
start winding the coils, beginning one slot away from the first coils and using

the same pitch as before.

Figures 3-30; 3-31:3-32
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Bottom Leads . Jop or End Leoads
in Bars - i on Core

—Top Leads in Place

Fie. 3-33—Step 4. Place the top leads in the commutator bars after the
armature is completely wound. For a lap winding, the top leads are placed n
bars adjacent to the bottom leads of the same coil.

F1a. 3-34—Cross connections of
commutator bars for a four-pole
motor having 36 bars, pitch 1 and
19.

F1a. 3-35—Cross connections of
commutator bars for a six-pole
motor having 36 bars, pitch 1 and
13.

Figures 3-33;3-34; 3-35
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F1e. 3-36.—Cross connections of
commutator bars for an eight-pole
motor having 36 bars, pitch 1 and
10.

Fic. 3-37.—A four-pole, wave-wound
armature must have an odd number of
bars in the commutator. If there is an
even number of bars, two must be
shorted.

/

This Lead
Is Not Connected

This Lead "
Is Not Connected / =

Fi1G. 3-38.—A wave connection showing dead coil. This coil must remain un-
connected when there are more coils than bars.

Figures 3-36;3-37; 3-38
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= // This Jumper

A e rServes as an Extra Coil \\?\
I||||IIIIIIIHIIIIIIHIIIHIIIH]IHIII

F1e. 3-39.—The method of placing a jumper between two bars to take the
place of a coil. This is used when there is an even number of coils and one bar
more than the number of coils.

Coils land 2

F1c. 3-40.—The first two coils of a wave-wound armature in place. Note that
this armature is wound exactly as a lap armature, except that the beginning leads
are placed away from the center of the coil.

Coils 3 and 4 4

Coils | and ZJ

F16. 3-41—The next two coils placed in the slots exactly as the first two coils,
except that they are started in the next slot. The end leads are cut off and left
on the core.

Figures 3-39; 3-40; 3-4|
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.- Top Leads in Place

Fia. 3-42—How the top leads are placed in bars for a wave winding.

Closed Coil of Wire .

AC. Position |

Fic. 3-43—If the coil is in a vertical plane, it will not move. If the coil is

tilted off the vertical, it will tend to move.

If Brushes Are Shifted
/ to This Position, Then
Armature Will Rotate in
a Counter-clockwise
Direction

If Brushes Are Shifted ——.
to This Position, Then
Armature Will Rotafe in a
Clockwise Direction

|

Shorted Brushes
~Complete Circurt
thru Armature Coils

Distributed 7}pe of
Winding is Used

F1c. 3-44 —Two closed circuits in an armature similar to two coils. No motion

takes place if brushes are in a vertical or horizontal position.

Figures 3-42; 3-43;3-44
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Mark (F) for
Forward Direction

This Screw Con Be
Loosened and ;
Moved to the "R
Position for
Opposite Rotation

Mark (R) for
Reverse Direction

Fic. 3-45—An end plate showing how the brush holder is moved to
reverse the motor,

F16. 3-46—A frame with field
poles off center,

Fie. 3-47.—The position of the
frame in Figure 3-46 reversed.
This will cause the motor to run
in the opposite direction.

Figures 3-45;3-46;3-47
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Frc. 3-48—A cartridge type of brush
holder with both brushes in position for
counterclockwise rotation.

Caps
— —- Springs -
— Brushes -

£LLLD

Fie. 3-49.—A cartridge type of brush
holder with both brushes in position for
clockwise rotation.

All Brushes Connected Together

Fic. 3-50—A four-pole repulsion
motor. Note that the motor can be
connected for two voltages. Four
brushes are used. If the armature is
wave-wound or cross-connected, two
adjacent brushes may be used.

220-Volt
Line

Figures 3-48;3-49;3-50
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Frc. 3-51.—A compensated repulsion
motor.

Slot No. 12354

8 6 7 8 9 1011 i2i314 I516 I7 1819 208) 22 £3 24 25 L6 27 282930 31 32 35 34 3536 |
™~ L+ T
wan | (NN NN
N

ot L[N L NI

Fic. 3-52—A layout of a six-pole compensated repulsion motor. Note the
location of the compensating winding in relation to the main winding. The
compensating winding is generally wound into the slots first.

Fic. 3-53.—An armature of a repulsion-
induction motor. Note slots and squirrel-
cage winding.

Figures 3-51; 3-52;3-53
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REPULSION-TYPE MOTORS

Squirrel-Cage Winding

Connected Brushes

Fic. 3-54—A typical repulsion-in-

duction motor.

Fie. 3-55—A diagram of a compen-
sated repulsion-induction motor.

Brush Holder____ ——Space
with Brushes
Lifted from Commutator
Commutator Shaft Turned by Hand ——
14 g
Switch

HOVolt
Line

Main
Winding

7

Gompensatin
Winding

Fic. 3-56.—Testing a re-
pulsion motor for a short-
ed armature. Lift the
brushes from the commu-
tator; throw the switch
on and turn the arma-
ture by hand. If it turns
freely, the armature is
not shorted.

Figures 3-54; 3-55; 3-56
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Fic. 3-57.—A wrong
connection for 220
volts. The current
flows through two ad-
jacent poles in the
same direction. The
motor hums and does
not run. To remedy,
connect 75 and T to-
gether; Ty to L, and
T4 to Lz.

Fic. 3-58.—Although
connected for 110
volts, adjacent poles
have the same polar-
ity. Remedy by con-
necting T, and 7T, to
L, and T; and T, to
L,

Fic. 3-59—A common
mistake, There is no
complete circuit across
the line, and the motor
neither operates nor
hums.

L:

Figures 3-57; 3-58; 3-59
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Polyphase Motors

Fic. 4-1.—A three-phase motor.
(General Electric Company.)

Fic. 4-2—A stator of a three-phase motor showing the coil assembly and the
laminated iron core. (General Electric Company.)

Fic. 4-3—A squirrel-cage rotor of a three-phase motor. (General Electric
Company.)

Figures 4-1; 4-2; 4-3
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Fic. 4-4—A wound rotor and an end plate of a three-phase motor. (Wagner
Electric Company.)
Phase C

Phase B

F16. 4-5~—The coils of a three-phase motor connected
to produce three windings, or phases.

F1c. 4-6—A stator of a three-
phase motor with all the coils in
their slots.

, PL!Mﬂdﬁ_,_?

Fic. 4-7—A portion of a three-phase winding as it would appear if the slots
were laid flat.

Figures 4-4 4-5; 4-6; 4-7
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One Coil Removed from Stator
and Used as Form for New Coils

Developed View of Coils in Slots

Fic. 4-8—A simplified diagram of
the coils and slots. A shows three
colls connected in series; B shows
one coil removed.

NIV N

Open-Slot Stator Semiclosed Slot Stator

F1e. 4-9.—Two types of slots found in the stators of three-phase motors.

Wires Cut

Zi

Fic. 4-10—Stripping the stator by cutting each
coil on one side and pulling from the other side.

72T

Coil Side

Fi1¢. 4-11—A diamond-shaped coil
used on open-slot stators.

Figures 4-8; 4-9: 4-10; 4-11
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Fits in Slot

Fic. 4-12—A coil used in semi-
closed slots.

Untaped Coi[ )

F16. 4-13—An untaped coil used in semiclosed slots.

Coil after Winding

Shape of Coil
after Pulling

F16. 4-14—The coils of small motors may be wound in a rectangular shape,
which is later formed into a diamond shape by pulling at the center of opposite
ends.

Form for Winding Small Coils
Nails Shaped to
Ilow Removal of
Coils c

F16. 4-15—The method of winding coils on a special form.

Figures 4-12; 4-13; 4-14; 4-15
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Coil Removed from Form

Wood Block

Wheels

Fic. 4-16.—A special form for single or gang winding.

End Piece
Centerpiece

‘ @%
Fi16. 4-17A —Form for winding coils
Tie
-

that are to be taped completely.
%
[~ g

Coil Removed . ‘;ﬁl'{%hfu;e I
0 racilitate Mmovai
from Form o Proce”

/

Fic. 17B.—Shaping coils by means
of pull blocks.

Figures 4-16; 4-17
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Sleeving
on Lead

— Fig. 4-18—Taping coils to fit open
slots.

Cotton Tape Start Taping A\

ﬁ in This Direction
2z

Fig. 4-19—One side of a coil spread
so that it can be fed into the slot.

Top Side of Coil Bottfom Side
Not Placed in Slot of Coil

S

F1a. 4-20—Starting to place coils in slots.

Insulation Placed on Top of Slot
to Protect Wire from Scraping Iron Core Top Side Not in Slot

~ 1 one side
in Slot

First Coil of Winding in Place Second Coil of Winding in Place

F16. 4-21—The method of placing one side of each coil in slot.

Figures 4-18: 4-19; 4-20; 4-21
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Coil Long Enough fo Clear Coil Scraping against
{Edge of Laminations [Edge of Laminations

JQLUUUuune  oogoooonoo

RIGHT WRONG

Fic. 4-22—The sides of each coil must extend beyond the edge of the slot.

r——Feeder

) 7

1.- Bottom Coil Side in Siot 2-Bend Feeder info Slot

3.-Place New Feeder on 4-Bend Feeder into Slot
Top of First Coil and Wedge

Fic. 4-23—The method of placing the sides of two coils in a slot with insula-
tion formed by the feeders.

of the Proper Size to

Insulate Between Top

7 and Bottom Coils in
the Same Slot

F1e. 4-24—Placing a fiber stick or insulation paper between coils. The insula-
tion between coils should extend at least % in. beyond slot ends.

Figures 4-22; 4-23; 4-24
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F16. 4-244.—A partially wound, three-phase stator showing slot insulation.

3-Phase / Beginning A Beginning B
—e

Line

F1c. 4-25—A diagram
of a star connection.
This is also called a Y

connection.
0 Phase C

Beginning C

Beginning A

Fic. 4-26.—A diagram of a delta
connection.

i P
3-Phase Beginning C, hase B

Line

Beginning B

Figures 4-24: 4-25; 426
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Pole | Pole 2 Pole 3 Pole 4

y - — \
0 T R R R

Nine Coils to Each Pole

Fig. 4-27.—A 36-coil, three-phase motor with coils divided into poles.

Polel \  Pole2 |\ Pole3 |\ Poleq4 |

Fig. 4-28—The true shape of coils shown in Figure 4-27.

AUt I e
\_ Polel | Poez | pPie3 |\ poeq |

Fia. 4-29.—A simplified diagram of the coils in a three-phase, four-pole motor

One Groupofa 4-Pole
36-Coil Motor

2>

RN

1 Pole

Fic. 4-30—Three groups in one pole. Each group has three coils.

Figures 4-27: 4-28; 4-29; 4-30
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F1c. 4-31—How the coils
in a group are connected to-
gether.

Beginning

SSSS i sene

Fic. 4-32—A side view of the coil connec-
tions shown in Fig. 4-31.

0 1UU| \UCU] IUAUI W) WU] WUl ;uuy ]Wl \UU[ lUU\ W

X Pole | Pole 2 /\ Pole 3 / Pole 4

Fic. 4-33—Coils connected in twelve groups of three coils each. Note that all
poles are alike.

A

e 00 L 001 g T f i

End of Phase A Not Connected ’k

Fic. 4-3¢—Connections of groups of phase A.

Figures 4-31; 4-32; 4-33; 4-34
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uing Jujg“uau; U @l}u‘au\@
= )

Fic. 4-35—Phase C connected exactly like phase A and connected before
phase B to simplify connections.

Ends of A and C Not Connected

T by
c re=e

Ends of Each Phase Connected Together
This Is Called the Star Point

Fi1c. 4-36.—The current flow in the B phase is opposite to the current flow in
both the A and C phases. This is shown by the arrows under each group.

Each Recfangle lndicares a Group of 3 Coils

B
<= =] <=

Star C Star

Fic. 4-37—A diagram similar to Figure 4-36, except that rectangles are used
instead of coils.

Figures 4-35; 4-36; 4-37
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F1c. 4-38.—A circular diagram of
the preceding illustration. A four-
pole series star connection.

Phase A
Phase B

-
Star Point

Ob‘m

Phase C

Fic. 4-39.—A schematic diagram
of a three-phase, four-pole, series
star motor.

F16. 4-40—A schematic diagram of a
three-phase, four-pole, series delta motor.

Phase C

Figures 4-38: 4-39; 4-40
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- F1g. 4-41—The A phase connection in a four-pole, series delta motor.

A

A B C 8 ¢ A B
eza EERQ
= &= (D] =] = || (=] <=
A -
C o> !
N

I———-—_—.—_J

Endof A

P
e,

Fic. 4-42—The C and A phase connections in a four-pole, series delta motor.
The end of the A phase is connected to the beginning of the C' phase.

i»E
—I

End of A

F1c. 4-43—A complete diagram of connections for a three-phase, four-pole,
series delta motor.

Figures 4-41; 4-42; 4-43
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Fi6. 4-44 —A circular diagram
of a four-pole, three-phase,
series delta motor.

Fic. 4-45—A three-phase series star connection in which the A phase is con-
nected first, then the B phase, and finally the C phase.

Phase B
1 Path

Fic. 4-46.—A four-pole, series
star connection. In this con-
nection the groups of each

phase are connected so that
Prase C there is one path for the cur-
1 Path
rent to follow.

fre

Figures 4-44; 4-45; 4-46
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F1c. 4-47—A four-pole, two-
parallel star connection. In
this connection the groups are QEP‘ P?asse A /ghgjfhf
connected so that there are two Ay | 2 Paths N
paths in each phase for the cur- ¢ 6 Groups cf
rent to follow. There are four ——> rafpsrC('Jornne
groups in each phase, and this 4 Groups in ﬁ .ﬁ
forms a four-pole motor. Each Phase Phase C
2 Paths
A o o pin ofa cho ke o cfa i oo oo
Aﬁl:bl‘@:ol@l:b@@@@@:o@
A-Star A Star

Fig. 4-48—A diagram of connections for the A phase of a two-parallel star
connection. Two wires from the A phase connect to the star point.

A B c
P =

t

N

KN
Nw@

g

Lty | -—bu>. —|[—

God

A B C A B C \AI
A F = = [ = =

%Stw C-Star A-Star C Star

Fic.. 4-49.—The connections for the ¢' and A phase of a‘two-parallel star con-
nection. So far, four leads are connected to star points.

Figures 4-47; 4-48; 4-49
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A

2 %
= = [o=

YT

8
A 1 ‘=:> - [ [ [=] [ = [«
Sl N .
i, —
B Star A-Stor C-Star B-Star A -Star C-Star

Fic. 4-50—A complete diagram for a three-phase, four-pole, two-parallel star
connection.

A-Stor

Fic. 4-51—A circular diagram
of a three-phase, four-pole,
two-parallel star connection.

-t
c
A A
C Fic. 4-52—A two-pole, series star connec-
5 tion. If only one group is connected to
each line, then it is a series star connec-
B tion.

Figures 4-50; 4-51; 4-52
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Fi1c. 4-53—Both methods of connection shown above have each line lead con-
nected to two groups, but the parallel star connection has six groups connected
together.

Fic. 4-54—A three-parallel star
connection. Each line lead con-
nects to three groups.

>

@©

‘0

Fig. 4-55—(A) shows a four-pole, two-parallel delta connection with each line
lead connected to four groups. (B) shows an eight-pole, four-parallel star con-
nection. Both methods of connection shown have each line lead connected to
four groups, but the four-parallel star connection has twelve groups connected
together.

Figures 4-53; 4-54; 4-55
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Phase B

Jumper Fie. 4-56.—The four-pole,
two-parallel star connection has
six jumpers.

Phase C

Ho Ho 1o 1o

440-Volt
Line
Fic. 4-57—Four coils connected in series for
440-volt line. The voltage in each coil is 110.

1o 1o Ho 1o l
220-Voit
Line !

Fic. 4-58.—Four coils connected two-parallel for a 220-volt line. Each coil
still receives 110 volts.

1o 1o

220-Volt
Line

1o 1o 110 1o 10
—000 Ve
o
"o
110-Volt
1o Line

F16. 4-59.—The four coils of Figure 4-58
connected for 110-volt operation.

10-Volt
Line

Figures 4-56; 4-57; 4-58; 4-59
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no 1o "o 1o
Fic. 4-60—Series connection of coils
for 440-volt operation. 440-Volt
Line
no 1o 110 )
Fic. 4-61—Two sets of coils in
220-Volt parallel for 220-volt operation.
Line
A
B
c

Fic. 4-62—A three-phase, four-
pole, series star connection.

Figures 4-60; 4-61; 4-62
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om‘b

Fic. 4-63—A three-phase,
four-pole, two-parallel star con-
nection with one star point.

m|1>

O

Fra. 4-64—A three-phase,
four-pole, two-parallel star con-
nection with two star points.

Figures 4-63; 4-64
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Fi1c. 4-65—A two-voltage star
motor with groups connected in
series for high-voltage opera-
tions.

F1c. 4-66.—A two-voltage star
motor with groups connected in
parallel for low voltage. The
common connection of 4, §, and
6 forms an external star.

Connects
to1,2 nd3

Fic. 4-67—(Left) A two-voltage delta connection with groups in series fgr
high-voltage operation. (Right) A two-voltage delta connection with groups in
parallel for low-voltage operation.

Figures 4-65; 4-66; 4-67
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c

Il A
e

e

GO LOON D~

¥ i. *

Fic. 4-68—A three-phase, four-pole, two-voltage, star-connected motor.

8 ¢ A B c A 8
RIS RSB vz
=] [«=] =] <] =2 [<=| |=>
| — - —=
4
T __ |
2____ __ __
5
8
3 |
6
9

Fic. 4-69—A three-phase, four-pole, two-voltage, delta-connected motor.

A 8 ¢C
=:>‘<:==>

End to End

Beginning to Beginning

F16. 4-70—Short jumpers between groups of phase A.

Figures 4-68; 4-69; 4-70
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A B A
&z €= 5
l-:>| > = [ = <= |=:>l = D | = <=

Fic. 4-71—Long jumpers between groups of phase A.

A A A A
A =3
=:>‘ = = <

Fi16. 4-72—A four-pole motor with A phase connected in the usual way.

A
m 2z et 22 zz2
=

F1c. 4-73.—Groups connected so that eight poles will be formed instead of
four. All the arrows point in the same direction.

A A A A
=3 £=3
l@l = <= =
L, —

L 4 —i>.

F1c. 4-74—The A phase connected in parallel for four-pole operation. The
current flows through the groups in the direction of the arrows. Long jumpers
are necessary in two-speed .motors.

Figures 4-71; 4-72; 4-73; 4-74
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A
ez o phn @ s phE wm oo (2277 Yl s
= = = =
Lt -

Le

Fic. 4-75—The A phase connected series delta for eight-pole operation. The
current flows through the groups in the direction of the arrows. This type of
motor is used for constant torque at both speeds.

A A
mAl:mA
<= <= ’@ 4=
L1
Le
L4 e

F1c. 4-76.—A two-parallel connection for eight-pole operation at low speed.

AAmAAm
!-=:> < = =

L __

Le

La .

Fia. _4-77.—-The groups of the A phase are connected in series for four-pole
operation at high speed.

Figures 4-75: 4-76; 4-77
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' 2 3 4 5 6 7 8 9 i0 " 2
A 8 C A 8 [ A 8 C A 8 [4
LI— —_— -~ |— - |— ——
L2 . —

L3

La
Ls
Le

Fic. 4-78—A four-pole, constant-
torque two-speed motor. The parallel-
star connection (above) is used for
high-speed operation; the series-
delta (right) for low-speed operation.
L., Ls, Ls to line; L, L., Ls con-
nected together, for high speed. L,
L, Ly to line; Ly, Ls, Ls not connected,
for low speed.

Lz

' 2 3 4 L] 6 7 [ 9 0 n 2
A 8 c A B c A 8 c A 8 [
=! <] [=>] [¢=! =] (<] [=> o= [=] [e=] (=] <=

Lt — |~ [~ |— |- —|— -

Le ——————j—

L3 L . —[— —

La

Ls

Le

Fic. 4-79—A two-speed constant horsepower motor. The series-delta connec-
tion is used for high-speed operation; two-parallel star for low speed. Ls, Ls, Le
to line; Li, Ls, Ls connected together for low speed. Li, Ls, Ls to line; L, Ls, Le
not connected for high speed.

Figures 4-78; 4-79
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A A
2z = o Bz e
5 4 5 4 5 4 5 4 5 4 5

Fic. 4-80—A method of arranging groups in drawing.

Cut Out 2 Coils Symmetrically Opposite
Tape Up Leads

(R SRR S R NN

Fia. 4-81.—A four-pole, 32-coil motor, but two coils are not 1n eircuit.

A 8 A B A B A
B 7 R 0 R d BB 2
= D e e =D =D o> <=

Fic. 4-82—A two-phase, four-pole, 48-coil motor. Note direction of arrows.

Fi6. 4-83.—A two-phase, four-pole motor. Note that the two phases are con-
nected alike.

Figures 4-80; 4-81; 4-82; 4-83
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Fic. 4-84—A two-phase, four-
pole series connection.

Phase A /
/ F16. 4-85.—A two-phase, four-
pole, two-parallel connection.

Fic. 4-86—A two-phase, four-pole,
series connection with eight groups.

Figures 4-84; 4-85; 4-86
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Fi6. 4-87—A two-phase, four-pole,
two-parallel connection.

c B8

F16. 4-88—The end of the 4 phase is connected to the center of the B phase
to form a T, or Scott, connection. One half of the B phase becomes the C
phase, and the other half remains the B phase.

Phase A
Phose B

o g oo o iuuguu[uuﬁuu P iy
i

Fic. V-89 —A two-phase, 48-coil series motor to be connected Scott for three-
phase operation.

Figures 4-87; 4-88: 4-89
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[:;;;&iausuuq!!!!?%uﬁywTE!!!!F%QQUJEI!!!!{Uﬁyﬁ

-~
<
i

= = =>

End of Phase A Connected to Center of Former Phase 8

F16. 4-90—The circuit of a three-phase motor formed by Scott connection.

%;uGuuHuuGuuHuuﬁuu“uuﬁuu”uuﬁuuHuuﬁuuHuuﬁuu“uuﬁuu

Fi6. 4-91.—A two-phase, four-pole motor with jumpers removed.

;Ul*‘lUUU. ‘UU‘“'UUU’ {UU’*)UUU’ |UU’“)UUU| 1UU."|UUU‘ lUU‘”‘UUU,

Fic. 4-92—Laying out groups for a three-phase, four-pole, 42-coil, series star
connection.

Fic. 4-93.—A three-phase mo-
tor connected to a three-phase

line. .

3+Phase
__—‘
Line

—_

Figures 4-90; 4-91; 4-92; 4-93
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— e

3-Phase Fic. 4-94.—To reverse the di-

Line rection of rotation, interchange
any two motor leads.

—e

2-Phase
Line
—e

Fig. 4-95—A two-phase mo-
tor connected to a two-phase
line.

Fic. 4-96 —To reverse the di-
rection of rotation, interchange
the leads of one phase.

Figures 4-94; 4-95; 4-96
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— o A
2-Phase
3-Wire
Line 2 B
— e
F1c. 4-97—To reverse the di-
rection of a three-wire, two-

phase motor interchange the
outer two motor leads, 7 and 2.

F1¢. 4-98.—Testing a polyphase motor for grounds.

Test Leads

Fic. 4-99—A star-connected
motor. Disconnect the star
point to locate a grounded
phase.

Star Point

c

Test Leads

Disconnect

Fic. 4-100—In a delta-connected
motor disconnect phases to locate a
grounded phase.

Test Leads

Figures 4-97; 4.98; 4-99; 4-100
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A A A A
=3
|=:>| <:=| ‘:>| <=

Disconnect First

Fic. 4-101.—To locate the grounded group, disconnect jumpers between groups
of that phase.

Coil Grounded to Slot

F1c. 4-102—To find a grounded coil, disconnect
splices and test each coil separately.

Star Point

F1c. 4-103.—A test to deter-
mine the open phase in a star
motor.

@ o=

Test Leads

Dlscon;:%\

Figures 4-101; 4-102; 4-103; 4-104

F1e. 4-104—Determining the open
phase in a delta motor.
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A s ¢
7*3
/ <-.:4
Test Leads / / /
—_— = - e —_—— — e

Fic. 4-105—Consecutive tests for locating an open group.

Test Leads

Fic. 4-106.—A group with splices disconnected to locate an open coil.

Star Point

F1a. 4-107—Locating an open in
Test Leads a two-parallel star motor.

Hack-saw Blade

Fic. 4-108.—The use of an internal growler Winding

to locate a shorted coil.

Figures 4-105; 4-106; 4-107; 4-108
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Compass Needle

plepplel
Ll

Fic. 4-109—The correct method of connecting a three-phase, two-pole star
motor is indicated by the compass needle.

rCompass Needle

SR

F16. 4-110.—An incorrect connection of phase B. Reverse this phase.

Test Lamp

Test Leads Fuse

Fic. 4-111—Testing a fuse with a test lamp.

) Switch
Line  Glosed

Fi6. 4-112—A test lamp placed across a burned-out fuse will light.

Figures 4-109; 4-110; 4-111; 4-112
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Burned-Out Fuse

Fic. 4-113—A star-connected motor with
burned-out fuse in omne phase. Current
through the other two phases will overload
the coils and burn them out.

| 11

Burned-Qut Fuse

Fic. 4-114.—A delta-connected
motor with burned-out fuse in one
phase. Current will flow in one of

the phases.
o Q
Fic. 4-115.—Lift the shaft up and "'ﬁ
down. Movement indicates worn ""‘@
bearing of shaft.
o | | e

Figures 4-113; 4-114; 4-115
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F1e. 4-116.—A feeler gauge, which
has thin metal strips of different
thickness.

F1. 4-117—The air gap Air Gap
should be the same around -
the entire motor. This is
checked with a feeler gauge.

"Insert Blade
of Gage Here

Fic. 4-118.—Disconnect belt and try to move Motor_Belt
load in order to see if load is free to turn.

Load

=k

Open Coil1

Fic. 4-119—The method of jump-
’ ing out one coil of a group of three

coils.
Place Jumper from End of
First Coil to Beginning of 3@ Coil

Figures 4-116; 4-117; 4-118; 4-119
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Open Coil

F16. 4-120—The method of jump-
ing out one coil of a diamond-shaped
group.

i Jumper

Cut Turns of Coils
Burned-Qut Coil at This Point

=

Fic. 4-121—Cutting turns of a
burned-out coil.

Wires TW/Sfél; Together

Burned-0Out Coil
Cut from Circuit

Fic. 4-122—A coil cut and wires
twisted together on both sides.

Figures 4-120; 4-121; 4-122
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Loose Rotor Bar

Fic. 4-123—Rotor bars are welded or cast on end rings. One or more bars
may loosen, thus causing poor operation of motor.

F1c. 4-124—The ball bear-
ing should rotate around the
core of the stator if internal
connections are correct.

Figures 4-123; 4-124
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Alternating-current Motor Control

Fic. 5-1—A pushbutton switch
starter connected to a single-phase
motor.

Cylinder Containing Alloy
Y

//

I
Comacf? L 5-ph
1 -Phase
! Motor
Thermal,
Overload
Relay |

Fic. 5-4—A manual resistance
starter connected to a repulsion in-
duction motor.

L Le

|
|
|
'
|
|
|
L_|-

Frc. 5-2—A thermal relay of the
molten-alloy type.

Fic. 5-3—A pushbutton switch
starter connected to a three-phase
motor.

Resistance

220-Voit
Connection

Figures 5-1; 5-2; 5-3; 5-4
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Insulated Connecting Bar

Maintaining
Contacts

Closed

Fic. 5-5—A magnetic across-the-
line starter connected to a three-
phase motor.

3-Phase
Motor

F1c. 5-6.—A magnetic starter for an
a-c motor. (General Electric Com-
pany.)

////////

Bimetal \ Fic. 5-7—A thermal relay manu-
BendsWhen/ factured by the General Electric
Heated Y R Company.

/7%
{/////M
Moves Upward When

Bi-Metal Bends
////////////////////

Figures 5-5: 5-6; 5-7
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Fic. 5-8—A START-STOP station.
(General Electric Company.)

Start
g
- 2
OL.
Stop g
f 3 Fic. 59—A simplified diagram of

Contactsof 3 magnetic across-the-line starter.

3~Phase
Motor

Stop

Start
F16. 5-10—An across-the-line starter with _‘i
a slightly different connection of the STOP
and START buttons.

Li WM o\

Le. m v j 3;‘Ph'ase
otor

Ls —p—

oL. M

1
it

Fic. 5-11.—A line diagram of a magnétic across-the-line starter.

Figures 5-8; 5-9; 5-10; 5-11



106 ALTERNATING-CURRENT MOTOR CONTROL

Fic. 5-12.—An  across-the-line
starter. (Allen-Bradley Co.)

L L2 L3

Fic. 5-13—A magnetic switch con-
trolled by two START-STOP sta-
tions.

Start Stop Stop

Fig. 5-14—A control circuit for two START-STOP stations.

L L Ls
A1
A

F1c. 5-15—A control circuit for three START-STOP stations.

Figures 5-12; 5-13; 5-14; 5-15
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Start

Fic. 5-16—A START-JOG-STOP station
connected to a magnetic switch.

[ 3
L
I |
Stort | ! A4
) 1
J i |
1
og ! OJ '
! i
! i
Stop | 1
| N

Fic. 5-17—A control circuit of a START-JOG-STOP station.

L —L L3

Fic. 5-18—A control circuit for two START-JOG-STOP stations.

Start oq )
Fie. 519.—Two START-JOG- N
STOP stations with four wires be-  yog @4}—2
tween stations. u“

Stop

Figures 5-16; 5-17; 5-18; 5-19
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Jog ‘L é Fig. 5-20.—Two START-JOG-
STOP stations with three wires be-
tween stations.

Start Jog Stop
v L Le
—

F1e. 5-21.—Another method of connecting a START-JOG-STOP station.

Start
F1g. 5-22—A panel of a station in Stop
which the START button can be
used for inching or jogging.
Run

d

Fie. 5-23.—A magnetic switch op-
erated by a START-STOP station
with selector switch for jogging.

2
T

3-Phase
Motor

Figures 5-20: 5-2: 5-22: 5-23
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Fic. 5-24—A line diagram of L =5 alo—w—mor—s—L2
control circuit for Figure 5-23. 1 R””j] Inch
Jogging ':__—__ﬁl

Reloy |

Fic. 5-25—A magnetic switch operated by
a START-JOG-STOP station with a jog-
relay attachment.

oo

3-Phase
Stop Motor

Jog Stort Jog Stop

Relay
Li BT _1_ _]_ L3
JRi L 1H T Fig. 5-26—An elementary

[ ure } HG diagram of Figure 5-25.
oL HC OL Icontacts
JR= Jog Relay H.C.=Holding Coil

Ly Lz Ls

Fie. 5-27—A pushbutton station
with indicating light. J*L(L

3-Phase
Motor

Figures 5-24; 5-25; 5-26; 5-27
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Stort Stop

ke #— Ty L2

Fic. 5-28—A simple control circuit
of a START-STOP. station with an
indicating light.

Fie. 5-29.—Two pushbutton stations with indicating lights. (General Eleciric
Company.)

Fic. 5-30—An a-c magnetic reversing panel with overload protection by
thermal relays. (General Electric Company.)

Figures 5-28: 5-29: 5-30
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4
Forward
? = 1 i
==F = = = R 3
Reversa_l o——l Z R :
2 Ti T2 T3 Ts Tz T
Stop —
YT
L
For. °—3 3Phase
] Motor
Rev. o 2
Stop I

Fig. 5-31—A reversing magnetic switch operated by a FORWARD-RE-
VERSE-STOP station.

Le U F i G
Li l‘llT__"_Ri
oL AL Lf
1

Fig. 5-32—An elementary diagram of Figure 5-31.

Fie. 5-33—A line diagram of control circuit for two FORWARD-REVERSE-
STOP stations.

Figures 5-31; 5-32: 5-33
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4
S
Sl 2 Fic. 5-34—A connection for two
—-I —1 FORWARD - REVERSE - STOP sta-
tions to a reversing magnetic switch.
!
1oL
RS
3
Fi16. 5-35—The true position of the 1 1
stations of Figure 5-34. 7 ? 2
!
Ly Lz L3
aolo-F ]. = = = L | == == =
Lode
SN I I
S
3-Phase F1c. 5-36.—A reversing switch connected
Motor to a FORWARD-REVERSE-STOP station

having an electric interlock.

L Stp R F R oL .,
Eﬁ/ LS: ]

Fi16. 5-37.—A control circuit of a FORWARD-REVERSE-STOP station having
an electrical interlock.

Figures 5-34; 5-35; 5-36; 5-37
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F
[ 42
F
{ =|R '1 3-Phase
Motor

Fi¢. 5-38.—An elementary diagram of Figure 5-36.

Stop R F
L Lz

7L

Fic. 5-39.—Another method of connecting the circuit of Figure 5-37.

L Le L3
L L L
il , = ==
rol
o Ad T R b
Fic. 5-40.—A magnetic reversing s R
switch in a vertieal, instead of a hori-
zontal, position.
L,

L

3-Phase
Motor

Figures 5-38; 5-39; 5-40



114 ALTERNATING-CURRENT MOTOR CONTROL

@h . _Resistoncs

Insullarion

Resistance

3-Phase
Motor

Fi1c. 5-41.—A manual resistance starter of the rheostat type.

These Contacts Closed "
by a Dashpot or Definite '/4,%/;%{11
Time Machanism When | Contacts

Starting Contacts Are Closed _l_ f L I_ l

it
i
IL
L)
7,
ii

I_Sfarr

e Resist ] Resist. Resist
Stop

I
L
|
LL)
]
1

(R)

Fi1g. 5-42—A wiring diagram of a single-
step, primary-resistance type of automatic
starter.

3-Phase
Motor

R _ Resistance

Fie. 5-43—An elementary
diagram of a primary-resistance
automatic starter.

Sfari Stop % L.' S
SEIan,
U000 -

Figures 5-41; 5-42: 5-43
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1

Fi16. 5-44—A secondary-resistance starter 0,
connected to a wound motor. A 3-pole
manual switch is used for the stator.

g Motor

Fic. 5-45—A resistance
starter connected to a mag-
netie switch.

[I- Motor

A L l_f\ {Pasis'ance

A S
L S R
5
Time Delay .

F16. 5-46.—An elementary diagram of an automatic two-step resistance starter
for a wound-rotor motor.

Figures 5-44; 5-45; 5-46
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ALTERNATING-CURRENT MOTOR CONTROL

Overioad

Fi1g. 5-48.—A typical manual auto-

transformer compensator.

L

Lz L3

Relay * 8

Stop | Holding
Button Q: Coll
Contacts

Movable
Contacts

Starting
Contocts

Autotransformer

Fre. 5-47—The connection of a
start position of a compensator.

Fic. 5-49.—A diagram of a
three-phase compensator.

Figures 5-47: 5-48: 549
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F16. 5-50—An elementary
diagram of a three-phase

compensator.
L3
Le AN — l L 3-Pha
Motor
L R
Ly Lz L3
Holding Overjoad
Coil /__Relay

Fic. 5-51—A three-phase com-
pensator with the overload relay
connected in the running circuit.

Run.

Movabie
Contacts | y - Lo

=
I
b

Start.
Contacts [ o oo o o]

Run.
Bhoas 19
Movable
Contacts ||
Fig. 5-52.—A two-phase compen-

sator with two autotransformers.
Start.
Contacts (GO O o O]

Figures 5-50; 5-51; 5-52
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oL. é 5

Stop Holding
Button ﬁ__‘goil
Fic. 5-53.—Operating a three-
Run |J phase motor with a two-coil com-
Contacts| L|&=2 —°¢L_ o—=0 ] - pensator. These coils are con-
] b nected open delta.
P 1 _g_—_})_ i P
Contacts ) o oM
Motor
Start.
Contacts
Ly
L2 3-Phase
Motor
L3

Fic. 5-54—A line diagram of a two-coil, three-phase compensator on START
position. Note the open-delta connection.

Li
Lz
Ls 17—72 - 3-Phase

Motor

Run Contacts

-

Run. Coil @ ?

5 3

Fi1c. 5-55—The motor circuit
of an automatic compensator.

Figures 5-53; 5-54; 5-55
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S
B 1 —
M R S

Reiay Motor

St Stort
Li R , Lz

Relay Coil oL

RC

Fic. 5-56.—A control circuit for an automatie compensator. A motor-
driven relay is used.

Fie. 5-57—Each phase of a delta-
connected motor receives the full line
voltage.

Fic. 5-58—If a delta-connected mo-
tor is connected star, each phase will
receive 58 per cent of line voltage.

|1

Fic. 5-59.—A star-delta connection for reduced-voltage starting.

Figures 5-56; 5-57; 5-58; 5-59
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| D I
Le -y ] 2 Fic. 5-60—A star-delta automatic control
1 1t 16. 5-60—A star-de .

L1 g
T
Tz
Lz Ts
L3

Fig. 5-61.—A three-phase motor connected to a manual reversing-
drum switch for clockwise rotation.

L

3 ~Phase
L2 Motor
Ls i
—eeee 772772272303

F16. 5-62—A drum switch connected to a three-phase motor for coun-
terclockwise rotation.

Figures 5-60; 5-61; 5-62
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Fi1c. 5-63.—A drum switch for reversing a split-phase or capacitor
motor.

2-Phase
Motor

Fig. 5-64—A drum switch for reversing a two-phase motor.

Ls Le Lt

High

Low

Stop

Fi6. 5-65—A two-speed controller for two sets of three-phase windings.

Figures 5-63; 5-64; 5-65
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L M Hi
" “L L
L2 M 3-Phose
T T 2-Winding
Ls H 1t -\ Motor
M
I " IL L 4_,\,
L H H
L
H—H

Fie. 5-66—A line diagram of a two-speed, two-winding controller.

Lalel:

High

Low

Stop

Fig. 5-67—A connection diagram of a nonreversible, two-speed, single-winding,
three-phase, squirrel-cage motor controller with constant torque.

L ||L

I ’ il H

Lz b

I u “ H

Ll |4

SEE

Fic. 5-68.—A line diagram of a two-speed, single-winding, three-phase motor
controller.

Figures 5-66; 5-67; 5-68
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Movable Contacts
Stationory Contacts

przz2a

Lilels
o

%iﬁwz
o eh T

[o S—

Ti

T5 Ts

T3 Ts Tz
Fic. 5-69.—A simple cam switch for a single-winding, two-speed, constant-

horsepower motor.

Stop
F F : & F2

Fi == = =

Plugging Reloy
3-Phase
o— Motor

Contacts Close When
Motor Starts Turning

Fic. 5-70—A controller using a plugging relay for braking.

Figures 5-69; 5-70
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Ly @F
L R
Le wF : 1 3-Phase

‘ L “&] Motor

Reloy Contacts
Close When Motor
Starts Turning

Ft ey Contacts
-

F1c. 5-71.—A line diagram of a controller with a plugging relay.

Figure 5-71
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Direct-current Armature Winding

Fi6. 6-1—Different type of d-c arm-
atures. (A, General Electric Co.; B
and C, Century Electric Co.)

Coil 1 Cot2  Coil 3 Coil4 Coil5 Coil6 Goll7 Coil8 Coil 9
o) epljog
I + T a1 3 T+ T 5sT% 77 1T e T [ T
Commulovwﬂars’

Fig. 6-24 —A schematic diagram of a simple loop winding that consists of
nine coils and nine commutator bars. The end lead of each coil and the be-
ginning lead of the next coil are placed in the same commutator bar. The
end lead of the last coil is placed in the same bar as the beginning lead of the
first coil.

Figures 6-1; 6-2
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F1c. 6-3—Slots in the armature into
which the coils are wound.

——__ Insulation over Shaft

Fia. 6-2B—A circular schematic
diagram showing all the coils of a
nine-coil armature connected to the
commutator bars.

Insulotion
in Every Slot

Fi16. 6-4—In addition to the slot insulation, the insulation shown above is
necessary to protect the winding from grounding.

Fic. 6-5—A small armature can be

held in one hand during winding.

Figures 6-2; 6-3; 6-4; 6-5
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F1c. 6-6.—Large armatures are sup-
ported by horses during winding.

Start of
First Goil

Fic. 6-7—The start of a loop winding. The entire armature is wound before
the loops are connected to the commutator. Note that the first coil is wound
into slots I and 5. This is the pitch or span of the coil.

Second Coit THi il
Slof 2 [ pendsGail
Loop 2 i

Eifth Coil
ol
\ Fourth Coil
Loop 4 Slot 4

Fia. 6-8—Steps in winding the coils of a nine-slot armature.

Figures 6-6; 6-7; 6-8
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Paper Insulation Extends

3" th .
about ¥g'obove the Stot Fiber Pressing Insulation Wooden Wedges
into Slot

ﬂ;—}‘ ;Z"//
Insulation Separating (X :I:z%
Top and Bottom Coils yele
T‘n
&
L0000

7

Fic. 6-9—A method of folding insulation into slot and locking it in place
with a wooden wedge.

010000 B0T001000
T T T I [TTTTT]

Fic. 6-10—A simple method of determining the alignment of slot and com-
mutator bar.

Fi1e. 6-11.—Three conditions of lead
swing.

Figures 6-9: 6-10: 6-11
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F1a. 6-12—A two-coil-per-slot wind-
ing with short and long loops for
identification.

Fi1c. 6-13—A loop armature having
twice as many loops as slots after
four coils have been wound.

Coil 1 Coit2 Coil 3
F1c. 6-14—A simplex lap winding
in which the start and end of a coil
are connected to adjacent bars. -
I [ | i [
Start of Coil 2—  “nd of Coil2

Goil 1 Coil 2 Coit 3 Coil 4 Coil5 Coil 6 . .

F16. 6-15—In a duplex lap winding,
the end lead of each coil is connected
/ \/ two bars away from the beginning

D I S S O Y R S B

Stort of Coil 1 LEnd of Coill
Coil 1 Coit 2 Coil 3 Coii 4 Coit 5 Coit6 Coit7
/ ~ e
] | I [ I I [ ] [ [ I
Start of Coil 1 LEnd of Coil 1

Fic. 6-16—In a triplex lap winding, the end lead of each coil is connected
three bars away from the beginning lead.

Fic. 6-17—A lap winding with one
coil per slot has the beginning and
end of the same coil connected to
adjoining bars. The loops are con-
nected to the commutator bars in
suceession.

hLmvconsw'sol
the End of a Coil and

r r the Beginning of the Next Coil

L rr 11T 17 1T T 1T 1

Lena of First Goit

Beginning of First Coil

Figures 6-12; 6-13;6-14; 6-15; 6-16; 6-17
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Twice os Many

Fre. 6-19—A lap winding of one
coil per slot with beginning leads in
place.

Fi1c. 6-21.—A method of winding an
armature having two coils per slot.
The bottom or beginning leads are
placed in the commutator bars as
each coil is wound. The top leads
are placed in the bars after the arma-
ture is wound.

S 4 4 /\ /
ITITTITTTITITLITT
Bottom Leads Ploced Top Leods Ploced
into Bars When Eoch into Bars ofter All

Coil & Wound Coils Are Wound

Fic. 6-18—A lap winding with two
coils per slot. The beginning and end
of each coil is connected to adjoining
bars.

End Lead of Each Coil

Is Left Up until Entire
/ / /\_/\ Armature is Wound

I/ /L /T 1T 1 1

Beginning Leods Ploced in Bars

as Each Coif Is Wound

F16. 6-20—A lap winding of one
coil per slot after the end leads are
placed in the commutator bars.

Coil 1and 2
T

Coil 5and 6
{Coiﬂa 8 l

. Short and Long Leads
\\ for identification

ITITITITIT

N

[TTTTTT

F16. 6-22—The connections after
the top leads are placed in the bars
to produce a simplex lap winding
with two coils in each slot.

Figures 6-18; 6-19;6-20; 6-21; 6-22
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Lead That Causes
Lamp to Light
Must Be Placed
in Bar 2

EEEENADORNEEEE

Lomp, Test Leads
L

F16. 6-23—Lamp method of deter-
mining in which bars top leads must
be placed to produce a simplex lap
winding.

To Line

coils per slot.

U D |:| D U D |:| Fic. 6-24—A lap winding with three

[RASARRNNERNNINRNAEI

Top Side of First Five Coils

Are Left Qut until SlotHos £7 ,!%_.— T T
Bottom Coil Side AT
TR
N

L2 2L L

r
YIS IIIS)
1
III’I’H" 7

[
7T 77T 7

e
G
(=
‘514
7

A,
Ry

0 P

;,’:
s
7

2

7

s

iy

)
.ll.l.'

/
>

=

%,

2 ,AJ \
e

N

, Bottom Side

of Coil

//

Fic. 6-25—A lap winding with two coils per slot.

[TITTTTTITIT TITTITIITIITIITT0T
Fig. 6-26—In a lap winding leads Fic. 6-27—In a wave winding, leads
face each other and are connected to face away from one another and
adjacent bars. must be a definite number of commu-

tator bars apart.

Figures 6-23: 6-24; 6-25; 6-26; 6-27
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AL T T T I LI T T T ITI T

Fic. 6-28—Lead connections for a four-pole, 49-bar armature. According to

the formula, the leads should be 24 bars apart; hence, they are placed in bars
1 and 25.

Fre. 6-29—A simplex progressive
lap winding. The current flows in a
clockwise direction.

F16. 6-30.—A retrogressive lap wind-
ing. The leads cross one another
even though they are connected to
adjacent bars. The current flows in a
counterclockwise direction.

Fi1c. 6-31.—A simplex, progressive
lap winding.

Figures 6-28; 6-29; 6-30; 6-31
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Fic. 6-32—A simplex, retrogressive
lap winding.

[ TTTT T T T T T Rl I T II T T T T e T T T

F16. 6-33—A four-pole, simplex, progressive wave winding with a commutator
pitch of 1 and 13. The current travels through two coils before reaching the bar
adjacent to the start.

Fic. 6-3¢—A four-pole, simplex, retrogressive wave winding with a commu-
tator pitch of 1 and 12.

Fic. 6-35.—A four-pole, simplex, progressive wave winding with a commutator
pitch of 1 and 13.

Figures 6-32; 6-33; 6-34; 6-35
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Fic. 6-36.—A four-pole, simplex, retrogressive wave winding with a commu-
tator pitch of 1 and 12.

Fic. 6-37—Two coils of a progres-
sive lap winding.

Fia. 6-38—Several coils of a retro-
gressive lap winding with two coils
per slot.

Fig. 6-39.—Wave-wound coils.

Figures 6-36; 6-37; 6-38; 6-39
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F1c. 6-43.—A progressive wave winding.

Figures 6-40; 6-41; 6-42; 6-43
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Fite or Punch Marks

Fia. 6-44—Pitch and lead data of a lap winding may be marked on the arma-
ture.

Coilj File or Punch
Mark:

£
\5 F16. 6-45.—Pitch and lead data of a
: H lap winding marked at the slots and
bars of one particular coil.

F16. 6-46.—Pitch and lead data of
a wave winding marked at the slots
and bars of a particular coil.

Handle—r ‘— Screws to Tighten Blod?s
@ r————-——--——— 39

Hack-saw Blade

F1c. 6-47—A tool for cutting slots in commutator bars.

First Hit Blade Down Next Hit Blode on 11
So That Teath Will DGig info o Blode ong 1he:

Both
Wooden or Fiber Wedge Wedge Mll‘m Out
Hacksow Blode

F1a. 6-48.—Method of removing wedges
from armature or stator slots.

Figures 6-44: 6-45; 6-46; 6-47; 6-48
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Soldering iron

e

F1c. 6-49.—Soldering leads to the commutator. The soldering iron is held
slightly above the horizontal.

Fia. 6-50—Holding the iron vertically prevents the solder from spanning two
bars.

Figures 6-49; 6-50
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DIRECT-CURRENT ARMATURES

Free End
of Cord

/EI Stort of the Cord Band

T\%Ei:f

===
3.The Cord Bond with
Loop Formed in
Free End
Loop,
& —

5. The End of the Cord Is Brought
through the Loop ond Pulled
underneath the Cord Band

Fi6. 6-51—A method of winding a cord band on an armature.

Fic. 6-52—A method of banding an
armature with steel wire.

Insulation in GrooveW

Strip Bent Over
after Band Is in
Position

Strip of Tin
or Copper
for Fastening
Band

——

2. Eight Turs of
the Cord Band

4. Severoi Turns Wound
over the Loop

7

Fost
Stationory Positio
////
4 Spool of Bandir
on

Figures 6-51; 6-52

.
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Fic. 6-53.—A test for a grounded

commutator.

Lamp Commutator
—! -+
TTTT
To Line 'r[ ‘ ‘ ‘
o Volts
Test Leads | Shaft

Iy Gommutator
i Shoft

To Line

1O Volts AC.

Fia. 6-56—Testing the completed
armature for grounds after the leads
have been connected to the commu-
tator.

Lamp | Commutator
T
Fiizec

To Line 2

10 Volts Test Leads
{ Shaft
> |-

Fig. 6-54.—A test circuit for find-
ing shorts between bars.

Fi6. 6-55—Testing the winding for
grounds before the leads have been
connected to the commutator.

c
L Shaft
. |
me
Test
Leads
B

To Line
1O Volts A.C.

Figures 6-53; 6-54; 6-55; 6-56
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Fie. 6-57—The coil may contact
the iron core due to torn or improp-
erly cut slot insulation.

T
Fic. 6-58.—A variable resistance is Voriable Resistance
placed in series with the line in order
to obtain a normal deflection on the
meter. To Line

Low Voitage DC

F1c. 6-59—Lamps placed in series
with 110 volts of direct current to
supply current to the armature for
testing. Switches 1, 2, 3, and 4 may
be connected in the circuit, depending
on the size of the armature tested and
the amount of current necessary.

To Line { { { { Switches

10 Voits DC

Fi16. 6-60.—Testing an armature for
grounds. One meter lead is moved
"/ Grounded from bar to bar until the lowest
reading is indicated on the meter.

] The grounded coil is connected to
This Lead Is Moved :
from Bar 1o Bar this bar.

To Line

Fiqures 6-57: 6-58: 6-59: 6-60
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This Coil Is Grounded—1

Lol T TxT T T TaTeT T

Lom,
M. V.
To Line

Fic. 6-61.—A schematic diagram of the test circuit shown in Figure 6-60.

Fia. 6-62—A complete circuit of
ground test.

F1c. 6-63.—A growler consisting of
a laminated core on which a coil of
wire is wound.

Coil Insulated
from Core

Fig. 6-64—An armature in position on a growler for
test purposes.

Figures 6-51; 6-62; 6-63; 6-64
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Armature Placed in Growler For Testing Purposes

Growler Consists of
Which A Coil of Wire

is Wound

This Lead Disconnected from Bar

F1c. 6-66 —Locating a grounded coil
by the trial method. The leads are
disconnected on opposite sides of the
commutator, and in this case, the bot-
tom half of the armature will test
grounded.

Sy Grounded
Coil

Fig. 6-67.—Disconnect a lead in the
center of the grounded group and
test in which quarter grounded coil
is located.

Disconnect from Bar

Grounded Coil Leads Are Removed
from the Commuiator and the
Two Bars Shorted with a Piece of Wire

_ I T T 1T T 1T T T T 7T 7

F1e. 6-68.—Schematic diagram showing how a grounded coil is disconnected
from the commutator.

Figures 6-65; 6-66; 6-67: 6-68
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This Coil
Is Grounded

* F16. 6-69.—Disconnecting a ground-
ed coil from a loop winding.

i This Coil
Is Grounded

H U Fig. 6-70.—Disconnecting a ground-
ed coil from a lap winding.

This Coills Grounded.

IO 1 I A 1 O O A 748 I B A
Leads from Grounded Goil
Are Lifted from Bars and
a Jumper Put in lts Place

F1e. 6-71 —Disconnecting a grounded coil from a wave winding.

C Hacksaw Biade

Fic. 6-72—Testing an armature for shorts by placing a hack-saw blade over
the top slot.

Figures 6-69; 6-70; 6-71; 6-72
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Fic. 6-73.—Testing an armature for
shorted coils by using the bar-to-bar
test. A shorted coil will be indicated
by a low or zero reading on the meter.

Coil Gut ot This Point

F16. 6-74 —Cutting the shorted coil H U |:| } H
and connecting a jumper between the )
two bars connected to the coil. \

L T Iy Ty T T 1

Jumper Pur'imo__]
These Bars

Coil Cut Here 5

Fi1c. 6-75—Cutting out a shorted HH Dﬂ
coil on a form-wound armature. S
ii‘i’: Jumper

Coil Cut Here =3

Fie. 6-76 —Cutting out a shorted
coil on a four-pole wave winding.

B
5 )
e

Fic. 6-77.—Cutting out a shorted coil on a wave winding.

TITTT I el TTT T T T

Coil Cut Here
-

&
g
S

Figures 6-73; 6-74; 6-75; 6-76: 6-77
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Coil Broken in Slotj'

[ Tes [ 1¢I5 Jop I7 415 oo To |

ol D

Fic. 6-78—A method of locating an open coil. The meter will not show a
reading until it bridges bars 6 and 7. The meter completes the circuit from
positive to negative.

% Fic. 6-79.—A method of jumping
out an open coil on a lap winding.

This Coil
4

a wave-wound armature having an
open coil.

23

Fic. 6-80—A method of repairing ' '
[ ]
[ 2

This Jumper Placed to Bridge the Open—

An Open Will aiso Be Indicated I——— A Jumper Could Be Placed Here

between Bars 1l and 12 instead of between land 23

Open Coil ‘l

Place Jumper between the BarsJ
That Test Open on the Meter

Fi16. 6-81.—A quick method of closing an open on a four-pole wave winding.

Figures 6-78; 6-79; 6-80; 6-81



146 DIRECT-CURRENT ARMATURES

F1e. 6-82—If two bars are shorted
with a piece of wire, a small spark in-
dicates a complete circuit through the
coil.

LR

%

Note
Spark

Wire%y Growler

F1e. 6-83.—Loops placed in wrong

bars.

Fic. 6-84.—A test of a loop winding Reversed Coil Leads
for reversed coils. Between bars 3
and 4 the meter will indicate reversed

reading; between bars 2 and 3 a [ Jeo 3o e s J6 Trele |
double reading; between bars 4 and 5 Lom

a double reading. All others will be + }A?de\zerse}?eadmg

normal.

Bar Magnet Moved over Coil

FiG. 6-85—A method of testing for
reversed coils by running a bar mag-
net over each coil and noting the
meter needle. When the reversed
coil is reached, the needle will re-
verse.

Figures 6-82; 6-83; 6-84; 6-85
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2,
Close to Core

To Line of Sot

Frqa. 6-86—Test for a reversed coil by using a compass. The armature is
turned slowly until the reversed coil is alongside the compass. The needle will

reverse at this point.
1"
l& Leod Wires
2|

i

Fic. 6-87 —A typical commutator.

N N
NN 3
N

\

Fre. 6-88—A commutator bar be-
fore it is mounted.

FrontEnd -V Cut

Cammutoter | | Commutator
Bors —+ 7

Mico LI
insulation 1] |

Bars || |

insuiation

Fic. 6-89.—A commutator with a portion removed to show section and
assembly.

Figures 6-86; 6-87; 6-88; 6-89
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0

—

T

A B
HE
(

Y

Fi6. 6-90.—A commutator with half
the bars removed and the front and
back V ring in place.

7 Z
n /
// '

L

Bock
/ End of konShel
L Threadsd

2 4

A

Fic. 6-91—A commutator with the
front V ring and half the bars re-
moved.

Fi1c. 6-92—A back V ring with shell
attached to iron core.

Fre. 6-93—A front V ring and
tightening nut.

Figures 6-90; 6-91; 6-92; 6-93
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Sheet of Mica—

=]

T

Fic. 6-94—The mica sheet marked off into small strips
of mica.

Use Hock-sow 1o
Cut along Dotted
) Line

Fic. 6-95—Rectangular strips of
mica stacked between two commuta-
tor bars and placed in a vise before
being cut.

Mica Should Be
Filed Flush with
the v's

e F16. 6-96.—The appearance of mica
Mico Shouid

Exda Lite segments after they have been cut
i and filed to the same shape as the
commutator bars.

AN - lnner Ring
Extended t Form a Cone

Fic. 6-97.—A mica V ring consists of an inner and
outer ring.

Cut along This Line to Separate into Two Rings

Figures 6-94; 6-95; 6-96; 6-97
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Sheet of Mica‘ [Old Ring

Y

Fia. 6-98.—Using the old V ring as
a template to mark off the outline of

ﬂ the new ring.

Inner Ring after it Has Been
Heated and Loid Flat

Fic. 6-99.—A method of making a
template by placing a piece of paper
over the mica ring and pressing at
the edges so that it will leave a mark
on the paper.

V Ring Cut|Apart
and Loid Flat

Fie. 6-100.—The appearance of a section of a cone cut through and laid flat.

Il ‘—A—‘.{ 1-3..

— <C R @
\ ‘ g These Two
\ ‘ /Y/ X X Triangles

AN 4 % Are Similar

) Fic. 67101.—Distances A, B, and C obtained from actual measurement on the
iron V ring. These are necessary in order to get the radius .

Figures 6-98; 6-99; 6-100; 6-101
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End Taped for Handle —

Shaped Hack-sow Blade

End Toped.
for Hondle 'l

F1c. 6-102.—Special tools for removing the defective
mica between bars.

Leads Lifted from .

the Commutolor
These Two Shorleg Bors A2

Are Pulied Out of the
Commutator with
Pliers.

Fic. 6-103—A step in removing shorted bars.

F16. 6-104—A quick repair that can
be made if two bars are shorted.

I

-
—

Leads Lifted from| L= Shorted
Commutator and Bars Jumped
Taped

Ttus Port of the Mica
K Hos Been Renewed

F1c. 6-105—A patch placed on the
outer V ring.

Figures 6-102; 6-103; 6-104; 6-105
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This Bar Is Higher -z 7
than the Others— £ 5

Fic. 6-106—A high bar in a com-
mutator.

This Bar Is Lower
than the Others |2

Fic. 6-107.—A low bar in a com-
mutator.

Barfﬁ ; -Mica Barf«l ﬁMica

N e

F1q. 6-108.—(Left) A commutator correctly undercut. (Right) An improperly
undercut commutator.

Figures 6-106; 6-107; 6-108
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Direct-current Motors

Fig. 7-1—A d-c motor. (Century Electric Co.)

Fic. 7-2—The armature of a d-c¢ motor before windings are inserted in slots.

Slots Laminated Core
Commutator Shaft

i Winding

F16. 7-3.—The armature with skewed slots and windings in place.

v

Figures 7-1; 7-2; 7-3
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Fic. 7-4—A complete field assembly and frame of a d-¢ motor. (Century
Electric Co.)

~—Laminations

Fi16. 7-5—A laminated field core.

FiG. 7-6—An end plate of a d-¢ motor. The brush rigging is visible through
the openings. (General Electric Co.)

Figures 7-4; 7-5; 7-6
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Fic. 7-7—Construction of sleeve
bearing and oil ring.

End View Side View

Steeve. BearinG - SHOWING - OIl- RING

\
N
\

S \\-\\\\\

Shaft
Bearing

Shaft

%, ) Bearing

i
Al )7 ot sing
oA

S

ST

Fic. 7-8—A sleeve bearing assembled on an end plate.

Ball Bearings

Bearing

Fic. 7-9—The ball bearing at right mounted in the end plates as shown.

Figures 7-7; 7-8; 7-9
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Fi16. 7-10—The brush rigging attached to the end plate.

Fic. 7-11.—The field and armature Series Field Armature
connection of a series motor. + -

Shunt Field

Armature F16. 7-12—The field and armature
+ N\ - connection of a shunt motor.
F1a. 7-13—The field and armature Shunt Field

connection of a compound motor.

Series Field Armature

Side Front

AT

F16. 7-14—The construction of a form on which to wind d-c field coils.

Figures 7-10; 7-11; 7-12; 7-13; 7-14
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3 Cord oround Coil

Fic. 7-15—A field coil after re-
moval from form. The cord holds
the turns in place.

Fie. 7-16—A series-field coil is
taped after flexible leads are sol-
dered to the beginning and end of the
coil. The coil is usually taped with
a layer of varnished cambric and a
layer of cotton tape.

Flexible Leads Soidered to w’"Ii

Fic. 7-17—A cutaway view of a shunt-field winding and the same winding after
taping.

Figures 7-15; 7-16; 7-17
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Flaxible Leads
Soidered fo Wires
and Taped

- Fic.. 7-18—The arrangement of

o windings in a compound field coil.
Fields

Shun - Fiexible Leads
Soldered o Wires

Field
l Shont Field Leods
— I
— Series Freld Leads ——- =7

ond Taped

Series Fiaid

Insulation
between
Windings

Fia. 7-19—A cutaway view of a

compound-field coil. Shunt Fieid

F1e. 7-20—A compound-field coil
and its leads after taping.

Shunt Field Leads
. L

Series Field Leads -

Fic. 7-21—A field coil assembled
on its core.

Figures 7-18; 7-19; 7-20; 7-21
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Shunt Field

T Series
U 7 j
%gf - | Field
. E
”%///// Series
%Z Lead
R Z74. |
vI 4 -

Shunt § i Series h

Lead Shunt Lead

Fic. 7-22—A compound field for a large motor. The shunt and series fields
are wound and taped separately, then placed side by side and taped again.

F1c. 7-23—An interpole field
and its core.

Fic. 7-24—In a two-pole motor, the
fields are connected to form a north
and south pole.

Figures 7-22;7-23; 7-24
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alternate in a four-pole motor.

KS S Fic. 7-25—North and south poles

4

|

2 PolesinSer: Reverse the Leads of This Pole
esinSeries If the Motor Does Not Run

F1c. 7-26.—A test for correct field polarity on a small two-pole motor.

F16. 7-27—On a four-pole motor, adjacent poles must have opposite polarity.

Figures 7-25; 7-26; 7-27
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Correct Polan;fy

N —— A

Fie. 7-28—Testing polarity of the field
coils with a nail.

/lncorrecf Polarity ‘

Series Field
Armature
K I B S

Series Arm.
=

Fi6. 7-29.—Several methods of showing the connections of a two-pole series

motor.
Shunt Field

=

b
Arm.
+ i

Shunt

v .

Arm.

F1c. 7-30.—Three methods of showing the connections of a two-pole shunt

motor.

Figures 7-28; 7-29; 7-30
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Compound Field Coil Shunt Field
Series ;
Arm.

4 2
o Shunt
j ? - 4 Series -

4 AR @
+ - = Arm.

Fic. 7-31.—Three methods of showing the cornections of a two-pole compound
motor. :

4k+

Shunt Field
Series ;‘; ]
Arm.
Shunt
T
. =>
+ Series _
e O
=> Arm.
& 4
—

R b

Fig. 7-32—A two-pole cumulatively compounded motor. If the current flow is
in the same direction in both fields, it is called a cumulative connection.

Current Flowing in Opposite Direction in Fields
Shunt N

Series N
Arm. =
‘ Shunt
| L =
Series
AL IR y 4
&4

Fig. 7-33—A long-shunt, differentially connected compound motor with the
current flow in opposite directions in the fields. When the shunt field is con-
nected across the line, it is called a long shunt.

Figures 7-31;7-32; 7-33
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163
Shunt N
Series j’_‘,>
Shunt Arm.
Series
>
=> Arm.
1 ¥ 4
d
+ b
Fic. 7-34.—A short-shunt cumulatively compound motor. The current in both
the series and shunt fields flows in the same direction.

Shunt
Series

<

N
-,

Arm.

F1e. 7-35—A two-pole, short-shunt differentially compounded motor.

Fic. 7-36—Method of connecting
the interpole in a two-pole motor.

Figures 7-34; 7-35;7-36
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interpole Polarity Same as Main Pole
Back of It

Rotation
L=

Fic. 7-37—The polarity of the in-
terpole for counterclockwise (c.c.w.)
rotation of a two-pole motor.

Polarity of interpole
Same as Main Pole ’

Rotation
Fi16. 7-38.—The proper interpole po- .
larity for clockwise (c.w.) rotation of
a two-pole motor.

Rotation
=N

| Fic. 7-39—The polarity of the in-
- terpole for clockwise (c.w.) rotation

of a four-pole motor.

z|

Figures 7 37:7-38;7-39
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Series

Shunt

=>

Series Interpole

=>

=

Arm.

Fic. 7-40—A schematic diagram of a compound-interpole motor.

Interpole Polarity Same as
Main Pole Back of it

Shunfld {L ]
Fic. 7-41.—A two-pole compound-
interpole motor. With the polarity
{ m N s indicated, the motor will run counter-
clockwise.
5 J6
N 2
% 1 Interpole Gonnected
+ = " in Series with Armature
Series
Shurty
Fic. 7-42—A two-pole compound-
interpole motor using one interpole
connected in series with the arma-
ture.
)
4 &

Figures 7-40; 7-41;7-42
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Series

+ —
= Arm.

Series

Direction of Current Flow:
in Armature Is Reversed

Brush Leads
Reversed

I

Fic. 7-43—The direction of rotation of a two-pole series motor changed by
reversing the current flow in the armature.

Direction of Current Flow
in Armature Is Reversed

Series

Field Leads

Reversed [ ‘

N

Fig. 7-44—The direction of rotation of a two-pole series motor changed by
reversing the current flow in the field poles.

Figures 7-43; 7-44
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Shunt Shunt

Direction of Current Flow
in Armature Is Reversed,

F1a. 7-45—A two-pole shunt motor reversed in the armature circuit.

Shunt Shunt
=> > L
+ -+ -
_ﬁk%_ L
= Int A’ m. Arm. &t

Direction of Current Flow
in Armature Is Reversed

Fig. 7-46—A two-pole shunt-interpole motor. The armature and interpole
leads are reversed as a unit. The field polarity remains the same.

Figures 7-45;7-46
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Series

Shunt

Fi

+1

Fic. 7-47—A two-pole compound-interpole motor with six wires brought out
of the motor. Wires F, and S: are sometimes connected together inside the
motor, and one wire is brought outside.

Series —
Shunt

T

(A Shunt
T % ——— 000000 "——
RS = -
Series I o _
000 1
+ﬁ = <= Int Arm

Fig. 7-48—A two-pole compound-interpole motor with the armature circuit
reversed for opposite rotation from that of Figure 7-47.

Figures 7-47; 7-48
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Shunt
=
Series
ol 300 500 @
= =>Int. Arm.

Fic. 7-49—A four-pole compound-interpole motor. To reverse, interchange
leads 4, and A..

~

N

N\

Lamp |

3

oyl  Test Leads fgj'

]

Lamp

lio velts 1 Test L eads |

F1c. 7-50—Testing a compound motor for grounds.

Figures 7-49;7-50
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A Field Coil May
Ground at These Points

Fic. 7-51—The positions where the field

most often grounds.

Break These Connections
and Test Each Coil

This Lead Connected to Frame of Motor __l=._

Fia. 7-52—~To locate the grounded field coil, each coil is given a ground test

Fi6. 7-53.—The test

for an open in a series
If the lamp

the

Series
motor.
not light,

does
trouble may be the

brushes, the field, or
the connections.

Figures 7-51; 7-52; 7-53
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F1c. 7-54.—The test

of a shunt motor for
opens. Shunt

Test Leads|

Fic. 7-55—The test
of a compound motor
for opens. There are
three complete cir-
cuits: 1 and 2, 3 and
4, 5 and 6.

4| 1 31 2 Iy

|
j
i
Test Leads — |

Fic. 7-56—The test for locating an open field coil in a four-pole
motor.

Figures 7-54; 7-55;7-56
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Si and Fi Are Offen Connected
Together internally and
One Wire Brought Out

Marked 'L

Fira. 7-57—Typical
markings on the leads of
a compound motor.

Brushes Removed

Fic. 7-58 —Identifying from Commutator

the leads of a compound L L

motor by use of a test

lamp. E

No Lightf
Fic. 7-59—The test

This Lead to determine whether
Disconnected a motor is cumula-
in Step 2

tively connected.

Figures 7-57; 7-58; 7-59
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Fic. 7-60—The test for interpole Int
polarity in a two-pole motor. All Move Brush Rigging
connections are removed except the
armature and interpole. The brushes
are shifted 90 degrees, and if the
armature turns in the same direc-
tion in which the brushes were moved,
the polarity is correct.

N
5 Fic. 7-61—The test for correct in-

terpole polarity in a four-pole motor.
_ — pote porarity P

Brush Stud

J /Radial Type Pull Sandpaper Only in the
\gy ~ Brush Holder Direction of Rotation

Set Machine 0 or*
Level to Allow %
Free End Play A Sandpaper

WRONG RIGHT
How to Hold Sandpaper When Seating Brushes

Brush Tip Breoks Brush Tip Breaks
Brush Tip Breaks and Bums and Burns
RIGHT WRONG WRONG WRONG
Brush Holder ,-','Max. Brush Stud Too For Brush Stud Too Close Brush Holder Too Far
from Commutator from Commutator to Commutator from Commutator.

Contact Area Reduced
by Breaking of Tips

Fi6. 7-62—The correct and incorrect positions of a carbon brush.

Figures 7-60: 7-61; 7-62
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174

Contact

Poor Brush

Broken Wire

Poor
Connection

Fic. 7-63.—Possible causes
of an open armature circuit.

Broken

Inter,

pole

J

Wire

Shorted Turns

Lead Ripped
from Goil

RRRR
R

Broken Wire
in Coil

s
8
E °
13 [ o
%m .”rﬂ w
S5 Se3 7
a0 MdC g
emw o
—4].2 &
RF

Fi6. 7-64—Possible locations of opens in the field circuit and coil.

7-64

Figures 7-63
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Field Coil
l—7 msl‘l

T
These Leads— Ohmmeter
Are Not Connected to Any Others

Fic. 7-65—The ohmmeter method of detecting a shorted coil.

l——‘F/eId oilsi——‘

10 Volts D.C. Voltmeter

Fic. 7-66—The voltmeter method of locating a shorted coil.

Core

Transformer
Coil

Fig. 7-67—A transformer used for testing shorted coils.

Figures 7-65; 7-66; 7-67
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| Interpole

Or10

Rotation Clockwise
Either Direction Rotation

Fic. 7-68—The correct brush positions for interpole and noninterpole motors.

+
//

F16. 7-69.—The same amount of current flows through all elements of a series
motor,

-
Right Length of Brush
for Proper Spring Action

) T
No Spring Action
Because of
Worn Brush

Frc. 7-70—~Two diagrams showing the tension in the springs with brushes
of different length.

Figures 7-68: 7-69: 7-70
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This End Connected
to Brush Holder

F1g. 7-71—A common type of pigtail brush.

Figure 7-71
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Direct-current Motor Control

-Resistance -——Holding Coil

Shunt Field

‘Armature

Fic. 8-1.—A three-point starting box connected to a shunt motor.

Holding Coil  Shunt Field

Fic. 8-2—A simplified diagram of Figure 8-1.

~Resistance

Series

Fic. 8-3—A three-point starting box connected to a compound motor.

Figures 8-1; 8-2; 8-3
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HC. Shunt

Resistance

Fic. 8-4—A simplified diagram
of Figure 8-3.

Fi. 8-5—A four-point starting box. (General Electric Company.)

r Resistance

Resistance
— o
G . G

Fic. 8-6.—A four-point starting box connected to a compound motor.

Figures 8-4; 8-5: 8-6
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H.C. ‘-Coil Resistance

Shunt

Series

Fi16. 8-7—A schematic diagram of the current paths for a four-point box con-
nected to a compound motor.

r Resistance _Field

Coil
Resistance

Fig. 8-8—A four-point box with a variable field resistance added for speed
control. ’

[Field Resistance

Copper Bar-

Armature —
Resistance

Ratchet in_|
Handle

Coil Resistance

Fig. 8-9—A four-point speed-regulating rheostat connected to a compound
motor.

Figures 8-7; 8-8; 8-9
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Field Armature
Rqsistanoe

Resistance
!

Fic. 8-10—A four-point starting box
to a compound motor.

Fig. 8-11—A simplified diagram
of Figure 8-10.

and speed-regulating rheostat connected

H.C. Resistance
= Shunt
—
{ Field Resistance
y Interpole Series
Arm.

Armature

Resistance

Field Armature
Resiﬁfance R“esisfunce
Shunt
Series
Arm

Resistance 2
-

A
VWW

Fi16. 8-12—A combination starter
and speed regulator.

L2O

Figures 8-10; 8-11; 8-12
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Knife Handle
Blade

Fic. 8-13—A double-pole, double-

W
throw knife switch. oép

. Series Fi6. 8-14—A double-pole, double-
= throw switch connected to reverse the
o> @ armature current of a series motor.
H Note the direction of current in the
LSirchArms armature with the switch thrown to
—<= the right.

Series

Fic. 8-15—A circuit of Figure 8-14
with the switch thrown in the oppo-
site direction.

Frc. 8-16—A series motor con- / Arm.
nected to a double-pole, double-throw
switch for reversing. O\/ \
o/ N

Figures 8-13; 8-14; 8-15; 8-16
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Fic. 8-17—At (A) with the switch thrown up, the armature current of a
shunt motor is flowing to the right. At (B) with the switch thrown down, the
armature current is flowing to the left.

Fi1G. 8-18—A shunt motor con-
nected to a double-pole, double-
throw switch.

Fi1c. 8-19—A compound motor
connected to a reversing switch.

Moin Switch Starting Box Reversing' Switch

Fie. 8-20—A shunt motor connected to three-point box and reversing switch.

Figures 8-17; 8-18; 8-19; 8-20
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Series

Fig. 8-21.—A compound motor connected to three-point box and reversing
switch. Note that the armature and interpole are reversed as a unit,

Shunt

Fie. 8-22—A shunt motor connected to a four-point box and reversing switch.

Series

Fic. 8-23—A compound motor connected to a four-point box and reversing
switch.

Figures 8-21; 8-22; 8-23
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Fic. 8-24—General
appearance of a small
drum switch.

Fic. 8-25—Station-
ary contacts of a
drum switch,

Handle

Insulated
Cylinder

Fic. 8-26—Movable

l Movabie contacts of a drum
Contacts switch.

]

Fic. 8-27.— The
position of the con-
tacts for forward
rotation.

. 0 Fic. 8-28.— The
position of the con-

D = tacts for reverse di-
rection.

a [m]

0 O

Figures 8-24; 8-25; 8-26; 8-27; 8-28
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QL=
Arm. D_—l | ot

§
Fie. 8-29—A series motor con- 1
nected to a drum switch for clockwise o 5=
direction. Series
| | —n S
it o —=—
Arm. +
oJ Fic. 8-30.—A drum switch connec-
o - tion for counterclockwise rotation of
Series a series motor.
1 —n SN
Shunt

Fi1g. 8-31—A shunt motor con-
nected to a drum switch.

Fic. 8-32—A shunt motor of Figure
8-31 reversed by drum switch.

Figures 8-29; 8-30; 8-31; 8-32
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O—<=
Arm. D—_| Lt Fic. 8-334—A compound motor
) connected to a drum switch for
' a = clockwise direction,
e ST

Fis. 8-33B—A compound motor
connected for counterclockwise direc-
tion.

Fic. 8-34—A magnetic circuit breaker.

rR’esisfance

Fic. 8-35—An overload relay connected
in a three-point starting box.

Relay Contacts

Figures 8-33: 8-34: 8-35
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Fic. 8-36.—An overload relay with |

Contacts
2-— Normally

Y Closed
‘—«4’%—\ =

a plunger to open the contacts. L Adjustable
Screw for

~—— Current
L Calibration

Confacrsrj'
—

I

Holding
Coil .
Fic. 8-37.—A d-c magnetic contactor.

R —
B A
l,_
l_.

I 2 3

Fic. 8-38—Methods of denoting a magnetic contactor.

- o+ Snap Switch
t { ©00990
o)
Relay o O

Confac{s —T “'0\9

Lt Lz A

F
9

Overload
““Relay

Tio. 8-39—A magnetic overload relay used in conjunction with a magnetic

contactor.

Figures 8-36; 8-37; 8-38; 8-39



190 DIRECT-CURRENT MOTOR CONTROL

Fic. 8-40.—Methods of denoting a thermal relay.

dicate contacts.

The figures to the right in-

/ g

- + Snap Switch
Relay ) o
Contacts t oo°°°° °

31 =LB‘HEJ Lo

Thermal
Relay

Fic. 8-41—A thermal overload relay used with a magnetic contactor.

Blowout
Coil
Maintaining ‘(T:\;ﬂrglgcts
or Auxiliary —o
Contacts o
Holding__ Il [__Movable
Coil F[? Arm.
A

Fic. 8-42—(A) The parts of a magnetic switch.
magnetic switch.

ONEE

(B) Methods of denoting a

Figures 8-40; 8-41; 8-42
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E—
srail o ‘I o 1 L
o O O O
‘ © % Start St
ar op
Stop LLQ Stations in
Straight Diagram
Start Stop Station Start Stop Station
With Four With Three
Contact Points Contact Points

Fic. 8-43—Methods of showing four-contact and three-contact, start-stop,
pushbutton stations.

Fic. 8-44.—A start-stop station con-
nected to a magnetic switch.

+ -—
Fic. 8-45—A start-stop station con- —1 =
nected to a magnetic switch similar g
to that in Figure 8-44. £1

Figures 8-43; 8-44; 8-45
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Shunt
M

Arm. Series

.

M
— Maintaining

Contacts

Fic. 8-46—An elementary diagram of a start-stop station connected to a
magnetic switch.

- Station  Station + -
+ T2 I
Aréainfain'ing L SOL
ontacts 3 L.
! | Sfaff_i __{ 2
L L Main
5'°'L| _1 [~ Contacts Stop
2 3
Stop
3
Alternate Systemn
Station Station

i 2
1L
— Connected to
e 2  Corresponding
3 Points Above

Fic. 8-47—Two start-stop stations connected to a magnetic switch. (A4) and
(B) show different representations of the magnetic switch; and (C) shows the
pushbutton station in another position.

Main Shunt
Contacts.

Arm Series

| Holding
Coil

Maintaining
-—Contacts

Fic. 8-48—An elementary diagram of two start-stop stations connected to a
magnetic switch.

Figures 8-46; 8-47; 8-48
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+ -
] Blowout

LTI

Stop

Fi1c. 8-49.—Three start-stop sta-
tions connected to a magnetic
switch. (B) shows the station in !

another position.
I I

Shunt

Series

Fic. 8-50—An elementary diagram of three start-stop stations connected to a
magnetic switch.

Normally Closed
Relay Contacts Open
When Excessive
Current Flows
Through Thermal
Unit

Fic. 8-51—Two start-stop stations 4{ —|
controlling a magnetic switch having
a thermal relay.

Figures 8-49: 8-50; 8-51
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Overload  Blowout Shunt

Relayl I’Coi!
=y

Fic. 8-52—An elementary diagram of the connection of Figure 8-51.

Shunt

Fic. 8-53—The connection of Figure 8-51 with the start-stop station reversed.

p Fic. 8-54—A start-jog-stop station
Start connected to a magnetic switch.

Jog

Stop

Figures 8-52; 8-53; 8-54
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Shunt

F16. 8-55.—A line diagram of a start-jog-stop station connected to a magnetic
switch.

Fig. 8-56—Two start-jog-stop stations connected to a magnetic switch.

Shunt

Series

Jog  Stop Stop

Fic. 8-57—A simple diagram of two start-jog-stop stations connected to a mag-
netic switch and operating a compound motor.

Figures 8-55; 8-56; 8-57
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==
Main _|

Contacts

Accelerating
{ Contacts

‘Arm. Series

Arm.

LRIy
Shunt

Series Shunt

Fic. 8-58—Diagrams of a simple counter e.m.. starter operated by a mag-
netic switch.

Shunt
— 000000 —y
M Res. Arm. Series
i —( — 0=
w
A A
iy Accelerating Circuit

—E’To-b—“m)—

M"  Main Circuit

Fic. 8-59.—An elementary diagram of a counter e.m.f. starter connected to a
compound motor.

Fic. 8-60.—Positions of the accelerating contact of a counter e.mf. starter
when the motor starts and after acceleration.

Figures 8-58; 8-59; 8-60
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Shunt

M R3 Re

-- O
e rg g
—il_j—glv IIM

F16. 8-61—A counter e.m.f. starter with three steps of acceleration connected
to a compound motor.

F Contocts 3

|

Fic. 8-62—A two-coil lockout contactor

used in current-limit starters. %Ioiing_
oi

(I,

LLockour
L1 Coil

Closing
Coit — |

Lockout
Coil

Fic. 8-63—Different representations of a two-coil lockout starter with one
step of acceleration connected to a compound motor.

Figures 8-61; 8-62; 8-63
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Fic. 8-64—Position of the accelerating contact of a two-coil lockout starter
when a motor is drawing normal current.

Shunt

Closin, Lockout  Res.

A

L M
Fic. 8-65—An elementary diagram of a two-coil lockout starter connected to
a compound motor.

Arm. Series

Fic. 8-66.—A two-coil lockout controller with two steps of acceleration.

Figures 8-64; 8-65: 8-66
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Shunt
1A 2A Ri Re
oy —(—ooon
1A 18 28 Arm. Series
8
—
M
T

e

Fi1c. 8-67—An elementary diagram of a two-step, two-coil lockout starter con-

nected to a compound motor.

F1c. 8-68—A

Lockoyt
Coil

Resistonce

single-coil lockout contactor.

Fic. 8-69—Different representations of a single-coil lockout starter with one
step of acceleration connected to a compound motor.

Figures 8-67; 8-68; 8-69
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Shunt

M | AccelCoil Res.

L W S o v —
‘ Arm. Series

Accel. Contacts

I N

M

Fic. 8-70.—An elementary diagram of a single-coil lockout starter connected
to a compound motor.

Fic. 8-71—A single-coil lockout starter with two steps of acceleration.

Shunt
+ M R A Re Arm. Series
i ‘:):[-f'ﬁb‘o‘\—:l— =
L)
B “A 8
JL
L}
1 M

Fic. 8-72—A simplified diagram of Figure 8-71.

Figures 8-70; 8-71: 8-72
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4 Line Contocts
—

.
} Line,Coil A
Accelerating Contocts

L]

Res.

Accel.Coil B SR Shunt

:Arm. Int. Series

Fic. 8-73—A wiring diagram of a definite magnetic time starter connected to

Y\
PN

a compound motor.

Shunt

Fic. 8-74—An elementary diagram of the connection of Figure 8-73.

Shunt

Accel. Coil B

oL. ) 1 ; 0
o— Line Coil A
SO0

Fic. 8-75—A wiring diagram of a definite magnetic time starter with a start-

jog-stop station.

Figures 8-73; 8-74; 8-75
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Shunt
. oL M Ri Rz _
] I—T N Arm. Series
T, vy A2
M { interiock)

AI
% Az (lmmock) M

IIM

A2

1L
"AI (interiock)

SO0

F1a. 8-76—An elementary diagram of a definite magnetic time starter having

two steps of resistance.

Fic. 8-77.—A starter equipped with
dynamie braking. Contacts are shown
in position while motor is operating.
Note the flow of current in the arma-
ture.

Arm. Series <7

=>

M
Shunl
A‘l
g 4
&> &
DB J Arm. Series
Res.

Fic. 8-78 —Position of the dynamic
braking contacts when the current is
shut off.

Figures 8-76; 8-77; 8-78
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203
Shunt
[ mmﬁ
+ oL | M Resistance -
,‘ Arm.  Int. Series
‘ P
1 A M DB Resistance
| oL 4 M A
[——}(—W u;JQ—T—n Ol GO N ——
" | =A
LM
L Ik

Fi16. 8-79—A wiring diagram of a magnetic time delay starter with dynamie
braking connected to a compound motor.

—_— g

Shunt
i L
Start |

FOO000 b
g I Resistance C
Stop % r

7 T 4 Arm. int. Series
c E

e

HE

Dashpot

=L

Fra. 8-80.—A starter using dashpot acceleration.

Shunt
+ Resistance —
DPz| DP3 | DPs Arm. Int. Series
it
1 ST M
LJM
M op

F1c. 8-81.—A line diagram of a dashpot starter.

Figures 8-79; 8-80; 8-8
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B3

"White

o

X Coil
Temp.OL.
Rela,

Fi¢. 8-82—Wiring diagrams of a defi-
L2 nite mechanical time starter.

Shunt

Series

| B0V
Sta ’Li (B 3 n Series

Stop

BrakinL
Relay’

Fic. 8-83.—A geared timing starter with dynamic braking.

Figures 8-82; 8-83



ILLUSTRATIONS—CHAPTER 8 205

Stationary Contacts Movable Contacts.
Reverse Forward
—> <
3 2 i / 2 3
] l I i i
o

& I o | ¢

e

d

g7z 22722
EE—

Series

Fic. 8-84 —A typical simple type of drum controller connected to compound

motor.

L=
Series

Fic. 8-85.—First position of the controller of Figure 8-84.

Figures 8-84; 8-85
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Universal, Shaded-pole, and
Fan Motors

Fic. 9-1—A universal motor. (The Dumore Company.)

Fic. 9-2—Parts of a universal motor. (The Dumore Company.)

Figures 9-1; 9-2
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Laminated Core—l

F1e. 9-3—Field core of a two-pole
universal motor.

Bearing Brush Holder

Fig. 9-4—End plate showing the
brush holders and bearing.

Fi16. 9-5—Pins through the core hold
the field coils in place.

Pin Through Core

Metal Clamps

Fi16. 9-6.—Method of securing coils
to the core by using metal clamps.

Figures 9-3; 9-4; 9-5; 9-6
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Fie. 9-7—Using fiber wedges to se-
cure field coils to the core.

Fi1g. 9-8—Shape of coils after re-
moval from the core.

F1c. 9-9—Shape of coil after it is
flattened to obtain coil dimensions.

F16. 9-10—Form for winding field
coils.

Figures 9-7: 9-8;9-9:9-10
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Fi6. 9-11—Taping a field coil.

)

wred 1 | Nail ] | Low voitage
Leads ACor DG
Connect
in Series

Fic. 9-12—Testing fields for proper polarity. If the nail stands between the
energized coils, their polarity is correct.

F1c. 9-13—Series connection of a
universal motor.

Fi1c. 9-14—Series connection show-
ing taped field coils.

Figures 9-11:9-12;9-13; 9-14
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Fi6. 9-15—Schematic connection of a universal motor. Note the armature is
connected between the field poles.

Series Field Coil

Fic. 9-16—Motor connection for
clockwise rotation.

Fia. 9-17—Motor of Figure 9-16
connected for counterclockwise rota-
tion by interchanging armature con-
nections.

Armature Coil

Fic. 9-18—In a lap-wound arma-
ture, each coil connects between ad-
jacent bars,

Commutator

Fi6. 9-19.—A loop winding showing H H B D D U U
loops at the end of each coil.

PSSy

.

Start

Figures 9-15;9-16;9-17; 9-18; 9-19
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S JF F §§

String or —— o
Straight Edge

Sfraithé é é £ ‘é

Slots

Commutator :
TIITT

Fi6. 9-20.—Lining out the center of
slots to the commutator to deter-
mine lead throw.

2
Fre. 9-21—View of the armature 3
from the end opposite the commu-
tator to determine the coil pitch. 4
5
6
Unwind 7 586 384 182

@LHH(HMU

This Loop Is the End of the 6th Coil
and the Beginning of the 7th Coil

LTI TTI I Tl TTTT 1T

F1e. 9-22—Coils being unwound turn by turn to record the position of the
leads to the commutator bars.

Hack-saw

Fi16. 9-23.—The hack-saw blade vi-

brates if bars I and 2 and 2 and 3

) ‘ are shorted while the armature is in

<3 ‘ \ the growler. This determines the lead

2 Coils throw of the coils.

© Winding
i

Figures 9-20; 9-21; 9-22; 9-23
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Wound Clockwise

Frc. 9-24.—Coils in an armature
wound in a clockwise direction.

Wound Counterclockwise
<l

F16. 9-25—Coils wound in a coun-
terclockwise direction.

Start

F1g. 9-26.—Loops for making con-
nections to commutator shown on
the right side of the coils.

—
==

-
Start

Fic. 9-27—Loops shown on the left
side of each coil. k
ST
I" // -
Start

Figures 9-24;9-25; 9-26;9-27
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Fie. 9-28—In some armatures the
loops are made at the rear of the
slots and brought back through the
slots to the commutator.

LTI T I I

Fia. 9-29.—Leads connected several
bars to the right of each coil for
clockwise rotation.

Fic. 9-30.—Leads connected to the
right of each coil for clockwise ro-
tation.

Fia. 9-31—Leads connected sev-
eral bars to the left for counterclock-
wise rotation.

HNEERERREnAN

Figures 9-28:9-29;9-30;9-31
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Frc. 9-32.—Leads connected to the
left of each coil for counterclockwise
rotation.

[delsl TTTTTITTTT]

Fie. 9-33.—Parts of a distributed-field universal motor. (Westinghouse Elec.
Co.)

Compensating
Winding

F16. 9-34—Connections of a com-
pensated universal motor. Note that
the compensating winding is located
90 electrical degrees from the main
winding and connected in series with
the armature and main winding.

Figures 9-32;9-33: 9-34
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Main Compensaling
F16. 9-35—Schematic diagram of a

Armature compensated universal motor.

Center Punch Marks for

Identification When,
Rewinding
SlotNo. 1-23 4 7/89 100 12

5 6/7/89
. (®|®]|
Main / \\ / \\
comp. NN | /A AAANN| A7

Fig. 9-36—Recording the windings of a twelve-slot, two-pole, compensated
universal motor. Note the center-punch marks in the slots to locate the wind-

ings in the proper slots.

Resistance Series

Arm.

F16. 9-37—Speed of a small universal motor controlled by connecting a

variable resistor in series with the motor.

Pressure Seperates the Carbons and
Decreases the Current through the
Motor to Vary the Speed

{ Series Series
— T H 00000000 —
rm.

Cap.

—
=TI

T__ Resistance

Fic. 9-38—Speed control of a universal motor by a variation in contact re-
sistance between two carbon blocks.

Figures 9-35; 9-36; 9-37: 9-38
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Fia. 9-39.—Three speeds are obtained by tapping one field pole.

Capaci‘Lor Governor Contacts

Field Winding L2

{ Resistance

F16. 9-40—Speed control of a universal motor by means of a centrifugal gov-
ernor.

F1c. 9-41—A shaded-pole motor.
(Emerson Elec. Mfg. Co.)

FiG. 9-42—Construction of the field
and armature of a shaded-pole mo-
tor. (Emerson Elec. Mfg. Co.)

Figures 9-39; 9-40;9-41;9-42
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Shaded Windingj

Fic. 9-43.—A four-pole, shaded-pole
motor showing the field poles and
shading windings.

Fi16. 9-44—A four-pole, shaded-pole Shoded
motor with the field poles connected Winding ™~}
in series for alternate polarity. J

Slot No. 1 23 4567 8 9101121

) AT~ TN N TN
Main | ANIAN AM AN
Shaded AL MM

Fic. 9-45—Recording the windings of a four-pole, twelve-slot, distributed
shaded-pole motor.

F16. 9-46—Connection diagram of
a four-pole, distributed shaded-pole
winding.

Figures 9-43; 9-44; 9-45; 9-46
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Fig. 9-47 —Position of the poles and
shading coils before the stator is re-
versed. ’

Fic. 9-48—Position of the poles
after the stator is reversed end for
end. Compare with Figure 9-47.

Main __ Shaded
Winding 1 Pole

F16. 9-49—One pole of a twelve-slot, reversible shaded-pole motor. Note the
two shading coils.

SlotNo. 1 23 a56 789 10112i

Main //\\ //*\\ //‘-\ /‘\\

Shaded A

MANANIANDI AN M

Fie. 9-50.—Coil layout of a reversible shaded-pole motor.

Figures 9-47; 9-48; 9-49; 9-50
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To Line

: Main
<=

Counter-

clockwise & N

Clockwise [’ /{>— Q %

Switch A IB |

Fic. 9-51—Wiring diagram of a reversible shaded-pole motor. To reverse

a shaded-pole motor, one series of shading coils is opened and the other series
closed.

H Q hade
@ Z @ Z st ded

Shaded Pole
Winding for Winding for
%ockwise ] Coun;?erc/ockwise
otation otati
Fic. 9-52—Reversible shaded-pole N

motor with two main poles for each

shaded coil. D
_ Slot No. 123 4567 891i01 121
Fi6. 9-53—Method of recording the CGlockwise Winding /| N | /T N |/ N[/
layout of the coils of a twelve-slot, Counterclockwise AN /"‘\ AN
four-pole, reversible shaded-pole mo-
tor having two sets of main poles. Shaded Winding 0 m | m

H
L/
L
L2 High Low! High Fra. 9-54—A two-speed,

Run.

Start split-phase fan motor with

two running windings and
one starting winding.

Figures 9-51; 9-52;9-53; 9-54
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Fic. 9-55—A two-speed, split-
phase fan motor with two run-
ning and two starting windings.

Cent. Sw.

— %
Cent.Sw.

Auxiliar}/

— =3
=
=
Med =3 Run Start Fic. 9-56.—A three-speed
7 Low 4 split-phase motor.
~. x>
High T

F1g. 9-57—A two-speed,
capacitor-start fan motor.

Figures 9-55; 9-56:9-57
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@ Cap.

Aw](iliary /

Run. Start.

Fic. 9-58—A two-speed,
capacitor-run fan motor.

Ry

Main Winding

,”J W Auxiliary Winding
- M.._
-~ n
P Cap. v Bttt 7777 Starting
Winding

F1c. 9-59.—Wiring diagram of a three-speed, capacitor-run motor.

Fi¢. 9-60—Universal fan motor with a series
Resisfance-‘ , resistance for speed control.

Figures 9-58; 9-59; 9-60
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F1c. 9-61—A split-phase motor using an autotransformer for speed control.

Lt

Lz

Fic. 9-62—Diagram of a capacitor motor used for fan service.

Figures 9-61; 9-62
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''''''' Capocitor

I
|
'
'
1
|
|
|
|
|

Fie. 9-63.—Unit-heater three-speed motor. The speed is varied by impressing
various voltages from an autotransformer to the running and starting windings.

F16. 9-64—Shaded-pole fan motor with speed control varied by means of a
choke coil.

Figures 9-63; 9-64
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Ly

Lz

Fic. 9-65—A single-phase motor wound as a three-phase motor. By using
resistance wire for the coils of one winding and a tapped-choke coil in series
with another, this motor can be run at various speeds on a single-phase line.

n@@@@mumm ‘

Fic. 9-66.—Basket winding for a 48-slot, 24-coil, three-phase motor..

AR AR AR
eRAAEAAAEAA T
x ES

Fig. 9-67—A 48-slot, eight-pole, three-phase motor connected series star.

Figures 9-65; 9-66; 9-67






CHAPTER 10

Direct-current Generators:
Synchronous Motors and Generators;
Synchros; Electronic Control of Motors

Fic. 10-1—A d-c generator. (Gen-
eral Electric Company.)

Fic. 10-2—A potential is induced
in the conductor when it cuts lines
of force.

Direction ]
of Current Force
Coil of Wire
N
Fi1g. 10-3.—A coil of wire used as —_

the conductor and rotated in a mag-
netic field. The leads of the coil are
connected to a commutator to pro-
duce direct current.

. 2-Bar
Commutator

Figures 10-1; 10-2; 10-3
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Shunt Field
Armature
Fic. 10-4—A separately excited
shunt generator.
+1 To Load |-
Batte
—i

Fi16. 10-5.—A self-excited shunt gen-
erator.

To Load
Series Field,
Y
Fic. 10-6—A  self-excited series
generator. Arm.

Series

Shunt

H I H F1g. 10-7—A short-shunt cumula-

tive compound generator.

=

~——

To Load

Figures 10-4;10-5; 10-6; 10-7
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Series

F16. 10-8—Wiring of a compound
short-shunt generator.

Series
Fi1c. 10-9—A short-shunt differen-

tial generator.

To Positive
+ | Load | Brush of
Generator

/nfe?po/e

Fic. 10-10.—A short-shunt cumulative o
generator with interpole. ))H ‘H]

Load

+

Fic. 10-11.—At the left is shown the direction of flow of the two field cur-
rents of a compound motor. This motor is cumulative, but if used as a gen-
erator, it will be differential, as shown in the center. If the series field is
reversed, as shown at the right, the generator will be cumulative.

Figures 10-8; 10-9; 10-10; 10-11
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Field Resistance
-

Series

X

Load

Fia. 10-12—A short-shunt cumulative generator with field rheostat for voltage

control.

Ammeter

Generator 6
| > ®

Voltmeter' —

Load

Fic. 10-14~~An ammeter with ex-
ternal shunt connected in generator
circuit.

Series Arm.

- Actually Switches
Equalizer Are Used to Parallel
One Generator to

'/ / Another
L

Shunt
Series

+'To Load | _

il

2

Fic. 10-13—A voltmeter and an
ammeter properly connected in a gen-
erator circuit.

E\mmerer
6 Shunt
1
Generator 0 To
A Load
Voltmeter- —

Fic. 10-15—Two compound gen-
erators connected in parallel.

Figures 10-12; 10-13: 10-14;10-15
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Fia. 10-16—A diagram showing
how the load is divided equally be-
tween two generators if equalizer is
used.

Without Equalizer With Equalizer
Lines Produced by Residual
Current Flowing r Magnetism

through fields ) )
F;I:‘*i“
[ e =

) |

N=A]»

<

Fio. 10-17—An incorrect connection of shunt field in a generator. The
residual lines of force oppose the lines caused by the field current and prevent
build-up of the field strength.

Fia. 10-18—A synchronous motor for general-purpose application. (General
Electric Company.)

Figures 10-16: 10-17: 10-18
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A\
<

\
N

\
SR
R
\\\\\\\\\\\\\\\\\\\\\\\}\‘\‘“\\\“
g
A7
ot
"‘||“=:||‘l},',':""l‘l””m
i

Fi6. 10-19.—A rotor of a synchro-
nous motor.

Squirrel-Cage

0 Winding
Slip Rings Field Pole
Fia. 10-20—Synchronous-motor +
power connections. — Q De
J————a Feed to
Motor
3-Phase Line
D-C Exciter

Ammeter
To j / J-®
Line /

Stator S (
= f

Voltmeter

&)

Variable
Resistance -——

Fic. 10-21.—A synchronous motor showing rotor supplied from a small exciter

F1c. 10-22.—A flat-faced rotor of a
self-starting, nonexcited, split-phase
synchronous motor.

Squirrel-Cage
Winding

Figures 10-19; 10-20; 10-21; 10-22
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Shaded Pole

Fic. 10-23.—A stator with shaded
poles for a synchronous clock motor. 3

Squirrel-Cage Winding AC.
RPN
= ] N

Fic. 10-24—A rotor for a self-
starting synchronous motor.

LSalienf Pole

Poles of Rotor

Fie. 10-25—A synchronous clock
motor having 32 poles.

. |

Exciter

Fic. 10-26.—Synchronous-
generator connections.

voitmelter _J  vorigble

Figures 10-23; 10-24; 10-25; 10-26
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F1c. 10-27—The “all dark” method of synchronizing two alternators.

Generator
8

F1c. 10-28—The “one dark and two bright” method of synchronizing.

3-Phase Winding

F16. 10-30.—A rotor of a synchro.

<&
tSIip Rings

Figures 10-27; 10-28; 10-29; 10-30
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These Wires Are Connected to
Corresponding Wires of Another Synchro

3-Phase Winding

Stator
120-Volts

AC.

Fra. 10-31.—Connections of a synchro showing a three-phase winding on the
stator and a single-phase winding on the rotor.

Transmitter

Receiver

Fri Sec.
N ——m
v —-
aG
Excitation

Fic. 10-32—Two synchros connected for operation. The receiver will remain
motionless until the transmitter is turned.

Transmitter

Receiver
/_\ TN
Rotor
Turned
Slightly
\ N
ja—— T
This Rotor Will Turn
AC. Until It Assumes the
Excitation Position of the Rotor

in the Tronsmitter

Fig. 10-33.—The rotor of the transmitter has been turned slightly, causing the
receiver to turn.

Figures 10-31; 10-32; 10-33
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Anode or Plate

Fic. 10-34.—The
symbol of a two-ele-
ment vacuum-tube di-

ode.

|
Cathode Filoment

Fic. 10-35.—Heated
filament emits elec-
trons.

Ammeter
=
$dé 4*
&b =
] T -
Transformer
==———"""to Supply Current
to Heoter
A.C. Supply

Electrons Anode

to Heot Filoment

Electrons Anode

Fi1c.10-36.—A diode
with an indirectly o
heated cathode. - °ce

Cathode ‘

Heater

Fie. 10-37—Electrons will flow
from the cathode to the anode when
the anode is given a positive charge.

Figures 10-34; 10-35;

10-36; 10-37
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E_
Fic. 10-38—When the anode is Pachic) =
made negative, the electrons will be FO OO =
repelled. T+

—t=
Alternately Positive
and Negative

(T05)

Fic. 10-39.—This tube acts as a rectifier permitting current to flow only when
the anode is positive.

-—O +
' +
AC. “\ Load  Tig. 10-40—A half-wave rectifier
LE— _ circuit.
O
=
L
Fic. 10-41.—A pulsating current produced 8
by a half-wave rectifier, .

/N

Time

Figures 10-38; 10-39; 10-40; 10-4|
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Fie. 10-42—A full-wave rectifier circuit.

Current

Time

F16. 10-43.—A pulsating current produced by a full-wave rectifier.

Anode Cathode
Filament
Fic. 10-44—A full-wave rectifier in
one envelope.
Load
l Anode

Anode

/gg'sc%e: e Fi1c. 10-45.—The gas-diode symbol.

Cathode

Figures 10-42; 10-43; 10-44; 10-45
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Variable
Field Resistance

+

4

Shunt
Motor

Fic. 10-46—A d-c motor can be operated from an a-c source by using a full-
wave rectifier.

Anode

Fi16. 10-47 —The three-element vac-
uum-tube triode symbol.

Filament Cathode

Fic. 10-48 —Electrons will not reach
the plate because the negatively
charged grid repels them. =

+

ol ered
SAShoA

R
I

Tic. 10-49—If the negative charge on the grid is reduced, some electrons will
flow to the anode.

With IT'his Potentiometer
the Charge on the Grid
Can Be Changed

Figures 10-46; 10-47; 10-48; 10-49
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Anode

Grid or
Starting Anode

Thyratron

;

-« a e
Switch A Switch B

Fi6. 10-50.—To stop the current flow in the anode circuit, open switch B

Thyratron

1

Fic. 10-51.—Current will flow only when the anode is positive and when the
voltage is of the proper value.

This may be for less than half a cycle.

Curlrenr Flows During LShaded Period _l

Current

Time

F1c. 10-52.—A curve showing how current can be made to flow in a thyra-
tron for a portion of a half wave.

Figures 10-50; 10-51; 10-52
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Ful-Wave
{ Rectifier

AC.

Fic. 10-53—A circuit showing a thyratron used on alternating current to
operate a d-c motor.

Full-Wave
Rech fier

Gl

Inductance Coil

Ri

Fie. 10-54—Different speeds can be obtained by varying an inductance in the
grid circuit of the thyratron.

Full-Wave

Recﬂﬂer
@ Single-Pole
Double-Throw
[ Switch
Ft ,R
pf—
- >
e b3
=
s

F16. 10-55—Two thyratrons permit reversing the direction of rotation of a
d-¢ motor with a simple switch.

Figures 10-53; 10-54; 10-55
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Meter Will Show Reading
When Light Falls on
Phototube

Phototube

|
= Q il
Light Cathode

Fic. 10-56.—A basic phototube circuit.

Relay Operates When Light
Falls on Phototube ‘l

Triode

ComroIJ
Circuit

Fic. 10-57—A circuit showing how a phototube controls a relay.

Triode.L
Relay
Phototube
I ; o—o0
Cathode [ ¢ — E
7 Control J
Resistance Circuit
Anode l

Fic. 10-58—A phototube circuit using a-c¢ supply.

Figures 10-56; 10-57; 10-58
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Phototube
Source Relay|
of Light

(=) (roe)
L rower

Source

Fic. 10-59.—The motor operates when the light source is interrupted.

Double-Pole -
Double Throw L Lz Ls
Switch
l Magnetic
-~ Switch

AAAAAAAA
VVWVWWWy

I

Fic. 10-60.—A circuit showing a phototube operating a magnetic switch.

Figures. 10-59; 10-60






STUDY QUESTIONS

Foreword

This section contains study questions for each chapter in
Electric Motor Repair. They are arranged to follow the sequence
of information found in the repair book. Complete explanations
or illustrations or both are necessary for the correct answers.

For those who are studying the repair book without benefit
of an instructor these questions should prove of value. First, they
serve to test the student’s knowledge gained in studying the book
because he will have to check his answers by referring to the book.
Second, these questions test the student’s ability to apply the
knowledge gained from the book to practical jobs. Third, by suc-
cessfully answering these questions, the student will be preparing
himself for examinations in which similar questions may be asked.
And fourth, by answering these questions correctly, the student
will gain confidence in his ability to tackle more difficult problems
in motor repair work.

From the instructor’s point of view, the questions can be used
as a basis for discussion during school periods. Weekly quizzes,
which are given to test the student’s knowledge and comprehen-
sion of the subject, may be based on these questions, and daily
or weekly assignments may be made from them.

Motor repair men, helpers, apprentices and all others inter-
ested in electric motor repair will find these questions valuable
as a guide to show them how much knowledge they have of the

subject.
245






CHAPTER |

Split-phase Motors

1. (a) What is a split-phase motor? (b) What are its character-
isties? (¢) Give several applications.

2. List the main parts of a split-phase motor and give a brief
description and function of each.

3. (a) What is a squirrel-cage winding? (b) Describe two types
of squirrel-cage windings. (¢) Draw all the parts of a rotor.

4. (a) What is a centrifugal switch? (b) Where is the switch
located? (¢) Draw a diagram to show how this switch operates.

5. Name at least seven steps usually taken in repairing a split-
phase motor.

6. (a) How should the end plates and frame be marked before
disassembling for repair? (b) Why is this necessary?

7. (a) List all of the information necessary in taking data for
the rewinding of a split-phase motor. (b) What would be the conse-
quence if incorrect data were taken?

8. (a) What is meant by the pitch of a coil? (b) How is it re-
corded? TIllustrate.

9. (a) Draw a simple circuit of the connections of a split-phase
motor. (b) Explain the diagram.

10. Draw a chart showing how the windings and other informa-
tion of a 36-slot split-phase motor can be recorded.

11. (a) Show separate diagrams of a split-phase motor winding
when the motor is at a standstill and when it is running. (b) What
is the difference between the two illustrations?

12. (a) What is meant by a “pole of the winding”? (b) Show
a drawing of one pole of a running winding having four coils with
pitches 1-3, 1-5, 1-7, and 1-9.

13. (a) How is wire size recorded? (b) Name several types of
insulation with which wire is covered. (¢) What may happen to a
motor if the winding is replaced with the wrong size of wire? (d) Why?

14, How are measurements taken to obtain the size of a skein
coil?

15. Describe and give an example of how to change a hand
winding to a skein winding.

16. (a) What precautions must be taken when coils are placed
into the slots of a stator? (b) What consequences may result from
poor and careless workmanship?

247
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17. Draw a straight-line diagram of a four-pole series split-
phase motor showing the running and starting windings and the
centrifugal switch. Trace and explain the circuit.

18. Draw a circular-form diagram of the motor referred to in
Question 17. Place arrows under each pole to indicate direction of
flow of current.

19. What is meant by a two-parallel or a two-circuit connection?
Why is it used?

20. (a) Draw a circular-form diagram of a two-circuit winding
for a six-pole split-phase motor. (b) Repeat (a) for a three-circuit
winding. (¢) What method may be used to determine whether the
poles of the motor are connected correctly?

21. Explain three methods that may be used in changing the
speed of a split-phase motor.

22. (a) Show a schematic and straight diagram of a two-speed
split-phase motor which has one starting and two running windings.
(b) Explain in detail the operation of this motor. (¢) Describe the
centrifugal switch used with this motor.

23. (a) What troubles may result if the starting winding in a
single- or two-speed motor is permitted to remain in the circuit while
the motor is in operation? (b) Explain how you arrive at your con-
clusions.

24. (a) What tests should a split-phase motor be given in order
to detect faults? (b) When and why should these tests be made?

25. Draw two or more diagrams that will illustrate what is
meant by a “ground.”

26. (a) What test is recommended to determine whether a motor
winding is grounded? (b) Explain where and how grounds usually
occur and the precautions which should be taken to prevent them.

27. Assuming that an open circuit exists in the starting-winding
circuit of a split-phase motor, explain the procedure to find the “open”
and the measures taken to correct the fault.

28. (a) What is meant by a short-circuit in a motor? (b) How
do short circuits occur? (¢) Where do they take place?

29. (a) What are some of the indications that there is a short
circuit in a motor? (b) What means are employed to test for short
circuits?

30. What is an internal growler? Explain its construction and
use.

31. Name and explain the various methods which are used for
testing poles for correct polarity. Draw diagrams to illustrate.

32. List some of the reasons why a split-phase motor may {fail
to start. Explain each reason.

33. Explain three practical tests for determining whether the
starting winding has an open circuit.
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34. (a) What is meant by “end play”? (b) What is its cause and
how can it be remedied? (¢) How much end play can be allowed in
a split-phase motor?

35. Explain and diagram the
some extent on split-phase motors.

36. (a) Show how the overload device is connected in the circuit
of a split-phase motor. (b) What troubles may occur in this device
and how would you remedy them?

37. (a) Explain how a motor is tested for bearing troubles.
(b) How are sleeve and ball bearings removed and new ones put in?

38. (a) What troubles could worn bearings cause in a motor?
(b) How would you detect that these troubles are due to worn bear-
ings?

39. What is meant by a “reamer”? Name several kinds and
explain the purposes of each.

40. Give several reasons why a motor may run slower than its
normal speed. Explain each reason.

41. (a) Explain several methods of testing for loose rotor bars
in a motor. (b) How would a motor with this defect operate?

42. List and explain the conditions that may cause a motor to
run too noisily.

43. How can you tell which two leads belong to the starting
winding and which two leads to the running winding, assuming that
the leads cannot be traced to their respective windings?

44. What information is usually found on the name plate of a
motor? Explain each item.

45. When a defect in the winding of a split-phase motor causes
it to run at lower-than-normal speed, or not at all, describe in detail
the procedure used in diagnosing the trouble and the steps récom-
mended to correct the fault.

“overload device” that is used to

CHAPTER 2
Capacitor Motors
1. (a) Give a general description of a capacitor motor. (b) What

are its characteristics and uses? (¢) How does it differ from a split-
phase motor?
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2. (a) Explain the construction of a paper capacitor, an oil-filled
capacitor, and an electrolytic capacitor. (b) In what ways do they
differ from each other and for what purpose is each used?

3. (a) How are capacitors rated? (b) What precautions must be
taken in the use of each? (¢) How would you go about ordering a
new one?

4. (a) Name the main parts of a capacitor-start motor and give
the function of each. (b) Draw a diagram showing the construction
of each part.

5. (a) What type of capacitor is generally used on a capacitor-
start motor? (b) What difficulties might be encountered if another type
of capacitor were used? Explain.

6. Draw straight-line and circular diagrams of a four-pole
capacitor-start motor. Show arrows under each group to indicate the
direction of the flow of current.

7. (a) Draw a circular diagram of a six-pole, two-circuit ca-
pacitor-start motor. (b) What will be the approximate speed of this
motor if the frequency is 60 cycles? 50 cycles?

8. (a) Draw a diagram of a capacitor-start motor with an over-
load device in the circuit. (b) Explain the operation of this eircuit.

9. (a) What troubles may be encountered in a capacitor-start
motor in which the overload device is defetcive? (b) What procedures
are recommended to determine the exact nature of the defect?

10. (a) Explain and diagram the operation of a magnetically
operated switch used to open the starting-winding circuit of a capacitor-
start motor. (b) Why is it used instead of a centrifugal switch?

11. (a) What are some of the reasons for manufacturing ca-
pacitor motors that will operate on either of two voltages? (b) What
is the advantage over single-voltage motors?

12. (a) Desecribe the construction of a two-voltage motor, with
the emphasis on the description of the windings. (b) Explain how the
main windings are used as an autotransformer.

13. (a) Sometimes it i1s necessary to reverse a capacitor-start
motor by simply throwing a switch; show how this can be done with a
three-pole double-throw knife switech. (b) What will happen if the
switch is thrown quickly from one position to the other?

14. (a) What is the principle of operation of an instant-reversal
motor? (b) Prepare a connection diagram for this motor and a three-
pole double-throw switch. (¢) What will happen if the switch is thrown
quickly from one position to another?

15. (a) Prepare a diagram for a two-speed capacitor-start motor
having two main windings and one starting winding. (b) Explain the
operation.

16. What is meant by a single-value capacitor-run motor? By a
two-value capacitor-run motor?
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17. (a) Draw a simple diagram of a single-value capacitor-run
motor. (b) Give several characteristics and applications of this motor.
{c) What type capacitor is used with this motor?

18. (a) What is meant by slip in a motor? (b) What does slip
depend upon and how can it be controlled?

19. Draw a diagram of a two-speed, six-pole single-value ca-
pacitor-run motor connected for high-speed operation. Explain the
circuit.

20. (a) Draw a schematic diagram of a three-speed, single-value
capacitor-run motor which utilizes the principle of slip for speed
control. (b) In what ways is this motor similar to the motor in Ques-
tion 19?

21. (a) What is meant by a two-value capacitor-run motor?
(b) What are some of its characteristics and applications? (¢) How
does it differ from a single-value motor?

22. Explain the different methods used for obtaining the two
values of capacity for a two-value capacitor-run motor.

23. (a) Describe the capacitors which are used on the two-
capacitor type of two-value motor. (b) Which type of two-value ca-
pacitor motor would you use if you had your choice? Why?

24, (a) Draw a diagram of a two-capacitor type two-value
capacitor-run motor and fully describe the circuit and operation.
(b) What will happen if the electrolytic capacitor is defective? If
the paper capacitor is defective?

25. (a) Draw simple diagrams of a two-voltage two-value ca-
pacitor-run motor using a capacitor-transformer unit and a two-
capacitor unit. (b) How many leads are brought out of the motor if
it is to be externally reversible?

26. (a) Explain how capacitors are tested for short circuits.
(b) What would happen if you tried to start a capacitor motor with
a shorted capacitor?

27. (a) Describe how to test a capacitor for capacity in micro-
farads. (b) What effect would a capacitor which has lost some of its
capacity have on the starting and running of a capacitor motor?

28. (a) Prepare a diagram showing how to change a two-value
capacitor-run motor into a capacitor-start motor. (b) Why would a
changeover of this kind be undertaken?

29. Describe the operation of a capacitor motor which has (a)
a shorted pole in its running winding; (b) dirty centrifugal switch
contacts; (¢) an open in one circuit of a two-circuit capacitor motor.

30. What are some of the causes of smoke issuing from a ca-
pacitor motor? Explain each cause.
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Repulsion-type Motors

1. Name the different types of repulsion motors and give the
characteristics and applications of each.

2. (a) What construction features are common to each type of
repulsion motor? (b) Describe the different types of commutators
used on repulsion motors.

3. (a) Name and describe the main parts of the repulsion-start
induction-run motor. (b) Why is this motor so named?

4. Explain in detail the principle of operation of a repulsion-
start induction-run motor.

5. (a) Describe the construction and operation of two types of
centrifugal short-circuiting mechanisms used on repulsion-start induc-
tion-run motors. (b) Why are different types of mechanisms used on
different motors?

6. (a) Name the different parts of the brush-lifting type of
centrifugal mechanism and prepare a diagram showing the order in
which they are placed on the armature. (b) What function does the
governor spring have? (¢) How is the pressure of the spring varied?

7. What troubles are likely to occur (a) when the short-cireuiting
necklace becomes dirty and does not make good contact with the
commutator? (b) when the brushes do not lift off the commutator?

8. (a) Describe the construction of the stator core and the stator
winding of a repulsion-start induction-run motor. (b) How does it
differ from that of a split-phase motor?

9. (a) Draw a diagram of the stator connection for a six-pole
repulsion-start motor. (b) In making the internal connections how
would you make sure that the polarity is correct?

10. (a) Prepare a sketch of the stator winding of a four-pole
motor having 24 coils. (b) In winding the stator why is it important
that each pole be in exactly the same coils as in the original winding?

11. (a) Explain how to take and record data for the stator wind-
ing of a repulsion-start motor. (b) Show a sample data chart. (c)
Explain in detail how to wind one pole of the motor of Question 10.

12. (a) What precautions should be taken when replacing com-
mutators on repulsion motors? (b) What information is needed when
ordering a new commutator?

13. (a) What data should be taken while stripping an armature
of a repulsion-start motor? (b) Show a data chart with sample data.
(¢) Why is it necessary to record the name-plate data?

14. (a) Describe a step-by-step procedure for winding an arma-

252
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ture for a repulsion-start motor. (b) What advantage is there in put-
ting bottom leads into the commutator as each coil is wound, rather
than waiting until the entire armature is wound?

15. (a) Show a diagram of six coils of a two-coil-per-slot lap-
wound armature connected to a commutator. (b) Repeat for a wave-
wound armature.

16. (a) How are armatures with cross-connections tested for
short circuits? (b) Explain why a growler short-circuit test cannot
be used. (¢) Where are short circuits likely to occur in this armature
and what steps would you take to eliminate them in each case?

17. (a) Explain the formula for determining the commutator
pitch for a wave-wound armature. (b) Give several examples of how
to find the pitch. (¢) Why don’t wave-wound armatures have cross
connections?

18. (a) Show by diagram why the rotation of a repulsion-start
motor can be reversed by shifting the brushes. (b) How do you deter-
mine the amount of shift necessary?

19. (a) What is meant by the neutral point in a repulsion-start
motor? (b) How is this point located? (¢) Why is it necessary some-
times to locate the neutral point? (d) What is the false neutral point
and how is it recognized?

20. (a) What would happen if there were an open between brush
connections? (b) Will the operation of the motor be affected if the brush
holders are grounded in a repulsion-start motor? Why?

21. (a) How does the repulsion motor differ from the repulsion-
start induction motor? (b) How can you recognize the difference by
inspection?

22. (a) What is a compensating winding and how is it connected
in the circuit? Illustrate in a diagram. (b) Why do some repulsion
motors have a compensating winding?

23. (a) Show a diagram of a four-pole compensated-repulsion
motor; a two-pole motor; a six-pole motor. (b) What factors regulate
the speed of these motors?

24. (a) How can the repulsion-induction motor be distinguished
from the other types of repulsion motors? (b) Is this possible just by
inspection? Why?

25. (a) What are some of the reasons why a repulsion motor
will refuse to start when the switch is closed? (b) Explain how current
will flow in the motor if the brushes are not connected to the line.

26. How many line wires are used for a repulsion motor? (b) for
a single-phase motor?

27. (a) Explain why the wrong brush-holder position may pre-
vent a repulsion-type motor from starting. (b) How do you determine
the correct position of the brushes? (¢) What will happen if the
brushes are not moved sufficiently?
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28. (a) What effect will worn bearings have on the operation of
a repulsion-type motor? (b) How are worn bearings detected? (c) Ex-
plain how they are removed and replaced.

29. (a) How will a dirty commutator affect the operation of a
repulsion-start induction-run motor? (b) How will it affect the other
types of repulsion motors?

30. (a) Describe the operation of a repulsion-start induction
motor that has a defective governor spring. (b) How do you determine
the correct spring tension?

31. Of all the single-phase motors that you have studied, Wthh
in your opinion has the highest starting torque? the lowest starting
torque? Explain your answer.

32. (a) What are some possible troubles if a repulsion-type motor
does not start when the switch is put on? (b) 1f it blows a fuse when
the switch is put on?

33. (a) List several causes of sparking at the commutator in a
repulsion-start induction motor. (b) What procedure would you follow
to determine the exact cause of sparking?

34. (a) Draw a diagram of a dual-voltage eight-pole stator of a
repulsion-induction motor. Show connections for both voltages. (b)
How do you identify the four leads coming out of the motor in order
to make the right connection?

35. If you were called upon to repair a repulsion-start induction
motor which has stopped running, list the steps you would take in
order to put the motor into running condition.

CHAPTER 4

Polyphase Motors

1. (a) What is meant by a polyphase motor? (b) Describe the
general construction of a polyphase motor, listing and illustrating the
main parts.

2. (a) Give some of the characteristics and applications of a
three-phase motor. (b) What advantages does this motor have over a
split-phase motor?

3. (a) Describe briefly the operation of a three-phase motor.
(b) How many windings does this motor have? (¢) Show by a single
diagram how these windings are connected.
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4. (a) Name at least eight steps involved in rewinding a three-
phase motor. (b) How would you know that the motor needs re-
winding? -

5. (a) What information is needed when recording data for
rewinding? (b) Show a data sheet for polyphase motor.

6. (a) Show a diagram of the slot assembly and coils of a por-
tion of a three-phase stator. (b) How many coil sides are in each slot?

7. (a) What is a gang winding? (b) Why is this winding used?
(c) Prepare a diagram of a four-coil gang winding.

8. (a) What is meant by a diamond coil? (b) Draw this coil and
explain why this type of coil is used on most medium-sized polyphase
motors.

9. (a) Describe how a coil is taped. Diagram. (b) Why are the
coils in some motors taped? (¢) What is meant by half lap? full lap?

10. (a) What are the two main types of three-phase windings?
(b) Explain how these windings are connected and show a simple
diagram of each.

11.  (a) How is the number of coils in each pole found? (b) Find
the number of coils in each pole of a two-pole, 24-slot motor; a four-
pole, 36-slot motor; and a six-pole, 48-slot motor.

12. (a) Explain what is meant by a pole-phase group. (b) Illus-
trate a four-coil group. (¢) Why is phase-group insulation needed?

13. (a) How do you determine the number of groups in a three-
phase motor? (b) How many groups are there in a three-phase, six-
pole motor? in a three-phase, eight-pole motor? in a two-phase, two-
pole motor?

14. (a) Outline the procedure in making the internal connections
of a three-phase star-connected motor. (b) Determine the number of
groups, the coils per group, coils per phase and coils per pole, assuming
a 24-slot single-circuit, four-pole motor.

15. Draw a straight-line diagram of a two-pole, single-circuit,
star motor showing groups only. Show the direction of current flow in
each phase.

16. (a) Draw a circular diagram of a single-circuit, six-pole, star-
connected motor. (b) How can you tell by inspecting the diagram that
it is connected properly?

17. (a) Describe the procedure in connecting the phases of a
delta-connected three-phase motor. (b) How does this differ from a
star-connected motor?

18. Draw a diagram showing the connections of a six-pole, single-
circuit delta motor. Show all coils and current direction in all groups.

19. (a) Make a circular diagram of a four-pole, series delta
motor. (b) Explain how the current in each phase is traced.

20. Draw schematic diagrams of the following: two-, four-, six-
pole series star; two-, four-, and six-pole series delta.
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21. Explain what is meant by a two-parallel or two-circuit con-
nection and show the difference between this and a series connection by
means of schematic diagrams.

22. (a) What procedure is used to determine the type of connec-
tion already in a three-phase motor for which data are to be taken?
(b) What is wrong with just tracing the circuit through each phase
in order to determine the connection?

23. Give several specific examples of how you would identify a
parallel-star and parallel-delta winding prior to stripping a three-
phase motor.

24. (a) How would you go about determining the number of poles
in a three-phase motor? (b) Deseribe several methods for doing this.
(¢) Why is this information and that of Question 23 necessary when
data are being taken?

25. (a) Why are many motors made so that they can be con-
nected for either of two voltages? (b) What is meant by a dual-volt-
age motor? (¢) How can you recognize a motor as being a single- or
two-voltage motor?

26. Draw a straight-line diagram of a four-pole, two-voltage
star-connected motor. Number the leads and show the connections for
low and high voltage.

27. Assuming nine leads coming from a two-voltage, three-phase
motor, how can you tell which is which in order to connect for either
voltage? Explain.

28. (a) Explain the difference between short and long jumpers.
(b) Give diagrams of both. (¢) Why should one be used in preference
over-the other and what other names are given to these connections?

29. (a) What factors govern the speed of a three-phase motor?
{b) Give the formula to determine the speed of an induction motor.
(¢) Diagram several examples using this formula.

30. (a) What is meant by a consequent-pole connection? (b)
Explain the principle involved in this conneetion. (¢) Draw a diagram
showing how consequent poles are formed.

31. (a) Show a straight-line diagram of a four- and eight-pole
constant-torque motor. Show how many leads are brought from this
motor. (b) Make the external connection for high speed and trace out
the circuit. Place current-direction arrows under each group.

32. (a) What is meant by odd grouping? (b) Why do some motors
have odd grouping? (c¢) Show by diagram how the number of coils for
each group in an odd-grouped motor is determined and show the group-
ing for a three-phase, eight-pole, 36-coil motor.

33. (a) How does a two-phase motor differ from a three-phase
motor? (b) What advantage has one over the other? (¢) Describe the
construction of a two-phase motor. (d) Show a schematic diagram of
a four-pole, single-circuit, two-phase motor.
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34. Explain how to determine the number of groups in a two-
phase motor. How are the number of coils-per-group found? Compute
these for a two-phase, six-pole, 36-coil motor.

35. (a) Show a circular diagram of a six-pole, two-phase, single-
circuit motor. (b) Show the direction of the flow of current in each
group of a two-phase motor. (¢) What is the rule for the direction of
arrows in each group?

36. (a) Name and describe several methods for converting a two-
phase motor to a three-phase motor. (b) Why are many two-phase
motors changed to three-phase?

37. (a) Describe in detail and show by diagram how to recon-
nect a two-phase motor to a three-phase star motor., (b) What would
happen if some coils were not removed from the circuit in this recon-
necting operation?

38. (a) Describe the procedure in rewinding a two-phase motor
to operate satisfactorily on three-phase current. (b) Explain how you
arrive at different wire size and number of turns.

39. (a) On what voltage should a three-phase motor operate if
it is changed from a star to a delta motor? Assume a 220-volt star
motor. (b) Explain how you arrived at the result.

40. What changes are necessary when a three-phase motor is
rewound for a different voltage? Assume a three-phase, single-circuit
star, 220-volt motor having 36 coils, 30 turns of No. 18 magnet wire
to be rewound to operate on 440 volts. Make all computations.

41. (a) Explain in detail how to change the speed of a three-
phase motor by reconnecting the winding. List a step-by-step proce-
dure for doing this. (b) Explain why a speed change by this method
is not always possible.

42. (a) Explain how to change the speed of a three-phase motor
by rewinding it. (b) How is the new size wire and number of turns
computed?

43. (a) Show by means of diagrams how a two-phase and three-
phase motor are reversed. (b) How is a two-phase, three-lead motor
reversed? .

44. (a) Explain and make a diagram to show how a three-phase
motor is tested for grounds. (b) Where are grounds most likely to
occur? Explain some of the reasons why the winding becomes
grounded.

45. (a) Explain how to locate an open in a three-phase motor.
{b) Explain what you would do if an open coil could not be closed.

46. (a) Why won't a three-phase motor start if one phase is
open? What will happen if one phase opens while the motor is running?

47. (a) Explain how short circuits in a three-phase winding are
found. (b) How do you know when a three-phase motor is shorted?
(¢) How would you repair a three-phase motor if just one coil is



258 STUDY QUESTIONS

found to be shorted? if one group is shorted? if an entire phase is
shorted?

48. (a) What may be some of the sources of trouble in a poly-
phase motor if it fails to start when the switch is thrown? (b) Explain
each defect.

49. (a) What effect will worn bearings have on the operation of
a polyphase motor? (b) Explain how to test for wogn bearings.

50. (a) What is meant by “single phasing”? (b) How can you tell
that a three-phase motor is “single phasing”? (¢) What harm will
there be in a three-phase motor if it runs this way?

51. (a) List and explain the troubles that may cause a poly-
phase motor to run excessively hot. (b) What effect will this heat
have on the winding?

CHAPTER 5

Alternating-current Motor Control

1. (a) What is the function of a starter or controller? (b) Why
is it necessary to have starters in most installations? (¢) Name the
main types of starters used for a-¢ motors.

2. (a) Explain what is meant by an “across-the-line” starter.
(b) Name several applications for this type of starter. (¢) What char-
acteristics of the motors make it possible to use “across-the-line”
starters?

3. (a) Why is it necessary to have reduced-voltage starters for
some motors? (b) Give several specific applications where this type of
starter would be necessary.

4. (a) Show a simple diagram of a pushbutton switch starter and
explain its operation. (b) For approximately what size motors are
these starters used and why?

5. Explain the operations of and diagram several types of ther-
mal overload devices commonly used on pushbutton switch starters.

6. (a) Explain the construction of the holding coil on a magnetic
across-the-line starter.. (b) Why is the shading coil needed?

7. (a) What are the advantages of a magnetic across-the-line
starter over a manual across-the-line starter? (b) Explain why these
advantages are important.
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8. (a) Describe the construction of a simple start-stop pushbutton
station. (b) Explain the operation of a station having three contacts;
four contacts.

9. (a) Explain how a start-stop pushbutton station should be con-
nected to a magnetic switch. (b) Show a diagram of this connection.
(¢) How many wires should there be between station and starter?

10. (a) Show by a diagram the connection for a start-stop station
to a magnetic switch to control a three-phase motor. (b) Explain the
operation and trace out the circuit.

11. Explain the reaction of the starter if the maintaining contacts
do not close when the start button is pressed.

12. (a) Connect two start-stop stations to control a three-phase
magnetic switch. (b) How are the maintaining contacts always con-
nected? (¢) How should the stop buttons be connected? (d) How should
the start buttons be connected?

13. (a) What is meant by jogging or inching a motor? (b) Give
several applications where jogging is used.

14. (a) Draw a dlagram of a three-phase magnetic starter con-
nected to a station having a jog button. (b) Explain the operation of
the starter when the jog button is pressed.

15. (a) What is the purpose of a pilot or indicating lamp on a
start-stop station? (b) Show how it is connected in the circuit.

16. (a) What is a reversing magnetlc starter? (b) Give some
applications for which a starter of this type is used.

17. (a) Explain the construction and operation of a reversing
magnetic starter. (b) Show a diagram of this starter. Label all parts
and explain their function.

18. (a) Connect a magnetic-reversing, three-phase starter to a
forward-reverse-stop station, and explain the circuits when each button
is pressed. (b) What is likely to happen if the reverse button is pressed
while the forward contacts are in?

19. (a) What is meant by a mechanical interlock as used in a
reversing starter? (b) Give a specific example of how a mechanical
interlock is used to prevent the forward and reverse contacts from
operating at the same instant.

20. (a) Draw a diagram of a reversing magnetic starter con-
nected to forward-reverse-stop station having an electrical interlock.
(b) Trace each circuit and explain how the interlock operates.

21. (a) Why must some a-¢ motors be started with reduced volt-
age? (b) Give the names of several starters that start motors at a
reduced voltage.

22. (a) What is a primary-resistance starter? (b) Describe the
construction and operation of a primary-resistance starter of the man-
ual type. (c) Show this type connected to a three-phase motor.
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23. (a) Describe the construction and operation of an automatic
primary-resistance starter. (b) Connect this starter to a three-phase
motor and explain the circuit when the start button is pressed.

24. (a) What is the purpose of the definite-time mechanism used
on the automatic primary-resistance starter? (b) How does it operate?
(c) How is the time interval changed on these devices?

25. (a) Draw a diagram of a secondary-resistance starter and
label all parts. (b) Explain its principle of operation.

26. (a) Show a three-phase slip-ring motor connected to a second-
ary-resistance starter. (b) Explain the circuit and operation. (¢) De-
seribe the construction of a three-phase slip-ring motor and its principle
of operation.

27. (a) Show by diagram how an automatic secondary-resistance
starter is connected to a three-phase slip-ring motor. (b) Explain how
the timing mechanism operates.

28. (a) What is a three-phase autotransformer starter? (b) What
is a three-phase compensator? (¢) What advantage does a compensator
have over a resistance starter? (d) Give some applications of this
starter,

29. (a) Diagram the construction and principle of operation of
a three-phase compensator. (b) Why are three transformers used?

30. (a) Show a diagram of a three-phase compensator connected
to a three-phase motor. (b) Explain the sequence of operation.

31. (a) What is the purpose of having the contacts of a compen-
sator immersed in 0il? (b) What would happen if one transformer
should open while the motor is running? (¢) List and explain some of
the things that may go wrong with a compensator.

32. (a) What is the purpose of the holding coil in a compensator?
(b) How is it connected? (¢) How many connection terminals does a
three-phase compensator usually have? (d) How are they marked?
(e) How do you go about ordering a compensator for a new installation?

33. Describe briefly an automatic compensator, and explain its
advantage over the. manual type.

34. (a) Explain the star-delta method of reduced-voltage start-
ing. (b) How many wires must be brought out of a motor started in
this way? (¢) What are these wires connected to inside the motor?

35. (a) Connect a three-phase motor so that it can be started
star and run delta. Use a three-pole double-throw switch. (b) Trace out
and explain the circuit. '

36. (a) Show diagrams of a small drum switch operating a three-
phase motor; capacitor motor; split-phase motor. (b) Where are these
drum switches used?

37. (a) What types of two-speed starters are in common use?
(b) What applications require the use of two-speed starters for three-
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phase motors? (¢) What construction features of the motor permit it
to operate on speeds?

38. (a) Connect a two-speed starter to a three-phase motor hav-
ing two sets of windings. (b) Explain in detail the sequence of operation.

39. (a) What is meant by “plugging” a three-phase motor?
{b) How is this accomplished? (¢) Why is plugging necessary in some
applications?

40. (a) Show a diagram of a starter that uses a plugging relay.
(b) Explain the operation of the relay and the entire circuit.

41. What procedure would you follow in locating the source of
trouble if a motor does not start when the main contacts of an across-
the-line starter close?

42. (a) What may be the trouble if the main contacts of a mag-
netic starter do not close when the start button is pressed? (b) Explain
how you would remedy each trouble.

43. What trouble usually causes a fuse to blow or the overload
relays to operate when the start button is pressed?

44. (a) List some other troubles, besides those listed above, which
may be encountered in automatic starters. (b) How would you remedy
these faults?

CHAPTER 6

Direct-current Armature Winding

1. (a) Show by diagram the construction of a typical armature.
Label all the parts. (b) How are the commutator and the laminatiors
placed on the shaft?

2. (a) Name the operations involved in the process of armature
winding. (b) Which operations in your opinion are more important
than others?

3. (a) By means of simple schematic diagrams show how the
coils in an armature are connected to the commutator. (b) How many
commutator bars are necessary for an armature with nine coils? Why?

4. (a) Why is it necessary to insulate an armature before wind-
ing? (b) Where is the insulation placed? (c) Explain how the insula-
tion should be cut so that the armature will be properly insulated.

5. (a) What is meant by pitch of a coil? loop winding? coil throw?
(b) Diagram each.
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6. (a) What is meant by lead swing? (b) Show the methods used
in determining the position of the leads in the commutator. (¢) Why
is it necessary to put leads into the correct commutator bars?
(d) What effect would an incorrect lead swing have on the operation
of a motor?

7. (a) What is meant by a two-coil-per-slot winding? Show in a
diagram. (b) In an armature of this type how many slots will there be
if the commutator has 18 bars? 36 bars? (¢) How many bars should
the commutator have if there are eleven slots in the armature?

8. (a) Diagram and explain how you would wind a nine-slot,
two-coil-per-slot armature. (b) How many loops will this winding have?

9. (a) Give the names of the two main types of armature wind-
ings. (b) In what way do they differ?

10. (a) Define a simplex lap winding and draw a simple diagram
of it. (b) Explain the drawing.

11. (a) Explain how duplex and triplex lap windings differ from
the simplex winding. (b) Show diagrams of these windings. (¢) Which
of these windings are most frequently used on small armatures? Why?

12. Show by diagrams several coils of a simplex lap winding that
does not have loops and explain how the leads are placed into the
commutator bars.

13. Show a circular diagram of a one-coil-per-slot wave winding
having 23 slots and a pitch of 1 and 7. Trace the winding through half
the coils.

14. (a) What is the difference between a coil winding and a hand
winding? (b) Why are these two types of winding used? (¢) Can all
armatures be hand wound? Explain.

15. (a) What is meant by commutator pitch? (b) Give the for-
mula for determining commutator pitch for a wave-wound armature.
(¢} Determine the pitch for a §9-bar, four-pole armature.

16. (a) Explain the difference between a progressive and retro-
gressive winding. (b) What effect has each one on the operation of a
motor?

17. (a)} What instruments can be used to measure wire size?
(b) How is it recorded? (¢) What different types of insulation are used
on magnet wire?

18. (a) What information should be recorded before an armature
is rewound? (b) Show a typical data sheet.

19. (a) Describe how the position of the leads on the commuta-
tor may be recorded by marking the commutator and the slots of the
armature. (b) Diagram this for a loop, lap, and wave winding.

20. (a) Explain how the leads are soldered in the commutator
bars. (b) What precautions should be taken to prevent solder from
flowing behind the commutator?

21. (a) What is the purpose of cord and wire bands on armatures?
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(b) Describe how cord -and steel bands are placed on armatures., Show
by a diagram.

22. (a) What is meant by a shorted commutator? (b) Diagram
and explain how a commutator is tested for short circuits. (¢) At what
point during the winding process should the commutator be tested for
shorts?

23. (a) Give some of the causes of grounds in a winding. (b)
Where do the grounds usually occur? (¢) Show by means of a diagram
how the winding is tested for grounds.

24. (a) What is a growler? (b) How is a grounded coil located
by means of the growler? (¢) Explain the construction and operation
of a growler.

25. (a) What is meant by a bar-to-bar meter test? (b) Show by
diagram how the winding is connected to the line wires for such a test.
(¢) How is the amount of current flow to the winding controlled?

26. Explain and show separate diagrams of how a grounded coil
is removed from the circuit of a loop-, lap-, and wave-wound armature.
(b) Why is it necessary to remove a grounded coil from the circuit?
(e) TIs it always possible to do this? (d) If not, what must be done?

27. (a) Show by diagram the growler hack-saw blade test for a
shorted armature. (b) Why can’t this test be used on an armature
having equalizer connections?

28. (a) Show by diagram the bar-to-bar meter test for locating
a shorted coil. (b) Describe how an armature can be tested for shorts
by means of the growler-meter method. (¢) What precautions must be
observed in these tests?

29. (a) Under what conditions is it advisable to eliminate shorted
coils from the armature circuit? (b) When is it not advisable? (¢) Why
is it not always possible to cut out a shorted coil?

30. (a) How does a shorted coil show itself in the operation of a
motor? (b) Why is it not advisable to run a motor with a shorted coil
for any length of time?

31. (a) Describe and show by a diagram the bar-to-bar meter
test for locating an open in an armature. (b) What precautions must
be taken with the meter in this test?

32. (a) Desecribe the bar-to-bar test for a reversed coil in a loop
winding. (b) How would you make this test using a growler?

33. (a) Describe how to test for reversed coils in a two-in-hand
lap winding and wave winding. (b) How would you remedy this condi-
tion when it has been found? (¢) What effect does a reversed coil have
on the operation of a motor?

34. (a) Describe the construction and function of the commuta-
tor. (b) What material is the commutator bar made of? (¢} Why must
the bars be insulated from the rings?

35. (a) Explain how a commutator is disassembled preparatory
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to insulating it. (b) What information must be taken while it is being
disassembled? Why?

36. (a) What is a mica V ring? (b) Explain the three methods
that can be used to make these rings. (¢) Why must heat be used to
shape the rings? (d) Can this be done without heating the mica?

37. (a) Describe the complete process of assembling a eommuta-
tor. (b) What are some of the precautions to be taken while doing this?

38. (a) What is commutator cement and how is it used? (b) How
do you go about ordering a new commutator? (¢) How can you tell
when an armature needs a new commutator?

39. Assuming that the entire commutator has to be reinsulated,
how would you go about it when the commutator is connected to a good
winding?

40. (a) What is meant by high bars? low bars? (b) What is their
cause and how is it remedied?

41. (a) What is a commutator stone? (b) When is it used?
(¢) What precautions must be observed in using it? (d) Why can’t
sandpaper be used as a substitute?

42. (a) What is meant by high mica? (b) How is it caused and
what is the remedy? (¢) What effect will it have on the operation of
a motor?

CHAPTER 7

Direct-current Motors

1. (a) Name the main parts of a d-¢c motor. (b) Describe the
construction of each part and give the function of each. (¢) Diagram
an armature and label each part.

2. (a) Show a simple drawing of a sleeve bearing and an oil ring.
(b) What is the purpose of the oil ring? (¢) How is oil conducted along
the shaft resting in the bearing?

3. (a) Describe and diagram a ball bearing. (b) Why are ball
bearings used in some motors and sleeve bearings in others? (¢) What
advantage has one over the other?

4. (a) What is meant by brush rigging? (b) Why is this movable
on some motors and not on others? (¢) Why are the brushes insulated
from the end brackets?

5. (a) Describe the construction of a series motor and give some
of its characteristics and applications. (b) Make a simple diagram of
this motor,



DIRECT-CURRENT MOTORS 265

6. (a) Describe the construction of a shunt motor and give its
characteristics and applications. (b) Show a simple diagram of this
motor and explain the circuit. (¢) In what ways is this motor different
from the series motor?

7. (a) How does the compound motor differ from the series and
shunt motors in construction, characteristics, and application? (b)
Make a simple diagram of this motor.

8. (a) Describe the method used for winding series-field coils.
(b) What is the general construction of the series-field coil? (¢) Make
a diagram of the form used for winding these coils.

9. (a) Describe in detail how a compound-field coil is wound.
(b) Make a diagram of this coil. (¢) What precautions must be taken
when winding it?

10. (a) What is an interpole field? (b) How is it wound? (¢) Why
is heavy wire used in its construction?

11. (a) Describe and diagram three methods for testing coils to
determine if they have correct polarity. (b) Which of these methods
do you prefer? Why?

12. How would you test for correct field-coil polarity while the
motor is completely assembled?

13. (a) Make several diagrams of a shunt motor. (b} Explain
the circuit and trace out the connections.

14. (a) Draw a diagram of a two-pole compound motor. (b) Show
arrows on all connecting wires to indicate the direction of current flow
in the field poles.

15. (a) Name four different types of compound motors in general
use. (b) Which one is mostly used in industry? Why?

16. Draw the following diagrams: (a) two-pole, long-shunt cumu-
lative motor; {b) two-pole, long-shunt differential motor; (¢) two-pole,
short-shunt cumulative motor; (d) two-pole, short-shunt differential
motor,

17. What is an interpole? What purpose does it serve in a motor?
How many interpoles are there in a four-pole motor?

18. Draw the poles of a two-pole interpole motor showing the
polarity of all the poles, assuming main pole polarity and counter-
clockwise rotation.

19. Draw a simple diagram showing how interpoles are connected
in a motor.

20. Draw the same diagram as in Question 18 for a four-pole
interpole motor.

21. (a) Desecribe the procedure for connecting a two-pole, cumu-
latively connected, compound-interpole motor for a proper polarity,
assuming main pole polarity and counterclockwise rotation. (b) Dia-
gram to show the direction of current in each field coil.

22. (a) How is the direction of rotation of any d-¢ motor re-
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versed? (b) How is a series motor reversed? (c¢) Diagram to show
how a series motor is reversed.

23. (a) Show by diagram how an interpole motor is reversed.
(b) What precautions must be taken in reversing an interpole motor?

24, Draw a diagram of a six-pole compound-interpole machine
showing the polarity of all the poles and show how this motor is re-
versed.

25. (a) List some of the tests that should be given to a motor
before it is installed. (b) Which of these tests do you consider the most
important? Why?

26. (a) Explain and diagram the procedure for making a ground
test on a motor. (b) What is meant by a ground?

27. (a) Show by means of a diagram where grounds in a field coil
are most likely to occur. (b) When a ground is indicated in the field of
an eight-pole motor, show how to find the coil in whieh the ground is
located. (¢) What would happen if the series and shunt field of a com-
pound motor were grounded?

28. (a) Why must permanently installed motors be grounded to
earth? (b) Find the section referring to this in the electrical code.

29. (a) How are shunt motors tested for open circuits? Where are
these opens usually located? (b) What would happen if the field should
open while the motor is running? when the motor is started?

30. (a) What markings are usually put on the leads of a com-
pound motor? (b) Why are these markings necessary?

31. (a) How are the six leads of a compound motor identified
when the markings are missing? (b) Give the procedure in making this
test.

32. (a) How are the leads of a compound motor identified when
only five wires are brought out of the motor? (b) Will it be necessary
to open the motor for this test? Why?

33. (a) Give the steps in testing a eompound motor to determine
whether it is connected cumulatively or differentially. (b) What differ-
ence will it make in the operation of a motor?

34. (a) Describe one method of locating properly the brush hold-
ers in the neutral position for an interpole motor and a noninterpole
motor. (b) Why will the wrong location cause the armature to spark?

35. (a) Describe three other methods for setting the brushes on
neutral. (b) Which of these methods would you use? Why?

36. (a) With what pressure should carbon brushes press against
the commutator? (b) How is this pressure measured? (¢) What effect
will improper pressure have on the operation of the motor?

37. (a) How are brushes made to fit the curvature of the com-
mutator? (b) Why are different grades of brushes used on different,
motors?
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38. (a) What are some of the causes of open circuits in the arma-
ture cireuit of a d-¢ motor? (b) Explain how to locate the open.

39. (a) What is meant by a motor “running away”? (b) What
is the usual cause of this and how can it be prevented?

40. (a) What are some of the symptoms of a shorted armature in
the operation of a motor? (b) What will the consequences be if a motor
is allowed to run this way?

41. (a) Assuming that a motor with one or two shorted coils had
to be put into operation very quickly, what would you do? (b) What
would you do if two or more commutator bars were shorted?

42, (a) How does an open armature coil manifest itself while the
motor is running? (b) How can you locate the open by inspecting the
commutator?

43. (a) Name some of the conditions that may cause armature
opens and explain how you would effect a repair. (b) How would you
know that the open is repaired?

44, What importance has the name-plate data on a motor?

45. TExplain what is meant by counter electromotive force.

46. Explain why a series motor must always run with a load.

47. (a) What are some of the reasons for sparking at the com-
mutator? (b) Explain why each of these causes produces sparking and
give the remedy for each.

48. (a) Why will incorrect lead swing cause sparking at the
brush? (b) What other effect will this have on the motor?

49. (a) What is meant by high bars? low bars? (b) To what are
these conditions due and how are they remedied?

50. Describe some of the defects that may cause a motor to run
noistly.

51. (a) How is a motor tested for defective bearings? (b) De-
scribe how sleeve and ball bearings are removed and then replaced.

CHAPTER 8
Direct-current Motor Control
1. (a) Name some of the functions of a starting box and con-

troller. (b) What is the difference between the two? (c¢) Why is it
necessary to use these devices?
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2. Explain why a small motor can be started by placing full
voltage across it while large motors must be started with reduced
voltage.

3. (a) Describe the construction and operation of a three-point
starting box. (b) Draw a diagram of all its internal connections and
label all parts. (¢) Why is it called a three-point box?

4. (a) Why is the holding coil of a three-point box called a
no-field release? (b) What is the function of the holding coil? (¢) How
are the terminals of the box marked?

5. (a) Show a diagram of a three-point starting box connected to
a compound motor. (b) Explain this circuit.

6. (a) Describe the construction and operation of a four-point
starting box. (b) Draw a diagram of the internal connections of this
box. Label all parts.

7. (a) Why is the starting box in Question 6 called a four-point
starting box? (b) What are some of the essential differences between
a three-point and a four-point starting box? (¢) What are the reasons
for using a three-point box on some applications and a four-point box
on others?

8. (a) What is the function of the holding coil on a four-point
box? (b) Why is this coil called a no-voltage release coil?

9. (a) Draw a diagram of a four-point starting box connected
to a shunt motor; to a compound motor. (b) Trace out and explain the
circuit.

10. (a) What is a speed-regulating rheostat? (b) Make a connec-
tion diagram of a four-point, speed-regulating rheostat. (¢) Describe
its operation. (d) Where would you use a rheostat of this kind?

11. (a) What is meant by a combination four-point starting box
and speed-regulating rheostat? (b) Show by means of a diagram the
internal wiring of this device and explain fully how it operates. Label
and describe its various parts.

12. Connect a double-pole, double-throw switch in the armature
circuit of a shunt motor; in the field circuit of a shunt motor; in both
instances. Explain the circuits.

13. (a) Diagram to show a two-pole, compound-interpole motor
with a double-pole, double-throw switch connected in the armature
circuit for reversing. (b) What precaution must be taken in reversing
this motor? Why?

14. By means of a double-pole, double-throw switch, reverse a
shunt motor connected to a three-point starting box. Explain exactly
how you would start and stop this motor.

15. Draw a diagram of a four-point starting box connected (a) to
a shunt motor and use a double-pole, double-throw switch for reversing;
(b) to a compound motor and use a double-pole, double-throw switch
for reversing.
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16. (a) Show a sketch of the external appearance and internal
construction of a small drum-type switch. (b) Show all contacts,
label all parts, and explain the operation. (¢) What is this switch
used for?

17.  (a) What is an overload relay? (b) Show by diagram several
devices that can be used to protect a motor from overloads. (¢) How
can you tell that a motor is overloaded?

18. (a) Show a simple sketch of a magnetic circuit breaker and
explain. its construction and operation. (b) Why is this device used?

19. (a) Explain with a diagram the construction and operation of
a thermal relay. (b) What is the difference between a thermal relay
and an overload relay? (c) What troubles can develop on a thermal
relay?

20. (a) Explain what is meant by a pushbutton station and show
a sketch of a station having a start-and-stop button. (b) Why is a
pushbutton station used?

21. (a) Draw a diagram of a magnetic switch and small d-¢ motor
connected to a start-stop pushbutton station. (b) Trace out and explain
the connection fully. (¢) Show an elementary diagram of this connec-
tion.

22. Explain what may be the trouble when the magnetic switch
does not stay closed when the finger is removed from the start button.

23. What is the purpose of using several start-stop stations to
operate one magnetic switch?

24. (a) Explain the use of a jog or inch button in a pushbutton
station. (b) Show all the contacts in a station having a start, a jog, and
a stop button.

25. (a) Draw a diagram of a start-jog-stop station connected to
a magnetic switch to operate a small motor. (b) Explain the circuits
when each button is pressed. (¢) Show one elementary diagram of this
connection. )

26. (a) What may be the trouble if the magnetic switch does not
operate when the jog button is pressed? (b) Explain,

27. (a) Why is resistance needed in the motor circuit in order to
start a medium-sized or large-sized motor? (b) What will happen if
the motor is started without resistance? Why?

28. (a) Explain the principle of the counter electromotive force
controller. (b) Give an application of this controller.

29. (a) Show a diagram of a counter electromotive force con-
troller with one step of resistance connected to a compound motor.
{(b) Explain the operation of this circuit.

30. (a) What is a lockout controller? (b) Why is it called by
this name? (¢) Why is it also known as current-limit starter? (d) Where
would this type of controller be used?

31. (a) Connect a two-coil lockout controller with one step of
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resistance to a compound motor. (b) Explain the operation of the
circuit.

32. Show in a diagram a two-coil lockout controller with two
steps of resistance connected to a compound motor. Show the complete
circuit with magnetic switch and start-stop station.

33. (a) Diagram a single-coil lockout contactor. (b) Explain the
principle of operation of this contactor. (¢) What is the difference
between this and the two-coil lockout contactor?

34. (a) Draw a wiring diagram of a single-coil lockout controller
with one step of resistance connected to a compound motor. (b) Explain
the operation.

35. (a) What is meant by a definite magnetic time controller?
(b) Explain the principle of operation of this type of controller.
(¢) Diagram one of these controllers and label the parts.

36. (a) Draw a diagram and explain the circuit of a definite
magnetic time starter connected to a compound motor. (b) Show also
an elementary diagram of this starter.

37. (a) What advantages does this starter have over the lockout
type of starter? (b) Why do you consider these advantages?

38. (a) Show in a diagram what is meant by dynamic braking.
{b) Why is dynamic braking needed in many instances? (¢) Give scv-
eral instances where it is necessary.

39. Draw a diagram of a definite magnetic time controller
equipped with dynamic braking.

40. (a) List and explain as many troubles as you ean which may
cause a definite magnetic time starter to function improperly. (b) How
do you regulate the time element in this starter?

41. Explain the difference between a definite magnetic time
starter and a definite mechanical time starter.

42. (a) Describe by means of a diagram a definite mechanical
time controller using dashpot acceleration and explain the operation.
(b) Explain the operation of a dashpot.

43. (a) What are some of the things that may go wrong with the
controller of Question 42? (b) Explain each trouble and the remedy
for it.

44. Show a typical diagram of a simple type of drum controller
and describe the circuit when the handle is at the first point of accelera-
tion. Assume this controller is used with a compound motor.

45. A manufacturer desires to use a five-horsepower compound
motor to operate a machine in his factory. The motor is to be operated
from two places. How would you determine the type of controller to
be used and how would you order it?

46. (a) Describe some of the troubles which oceur on three- and
four-point starting boxes. (b) Explain how you would detect and rem-
edy these troubles.
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Universal, Shaded-pole, and Fan Motors

1. What is a universal motor? Name some of its characteristics
and applications. _

2. (a) Name and describe the main parts of a universal motor.
(b) Show simple sketches of each part. (¢) How would you proceed in
taking apart a universal motor for repairs?

3. (a) Explain the operation of a universal motor. (b) What char-
acteristics of construction make it possible to operate on either alter-
nating or direct current?

4. (a) What procedure should be followed when it is necessary to
rewind the field coils of a universal motor? (b) How do you determine
the size of wire to use? (¢) Do you count the number of turns in each
field or do you weigh the coil for rewinding? Why?

5. (a) Explain by means of a diagram how to make a form for
winding field coils. (b) How are the right measurements for making the
form obtained? (¢} What would happen if the form were made too
small? too large?

6. (a) Show by diagram how to reverse the direction of rotation
of a universal motor. (b) Is it always necessary to take the motor
apart to reverse it? Explain.

7. (a) Why does severe sparking generally occur when the rota-
tion is reversed on some types of universal motors? (b) How can the
sparking be eliminated?

8. Name and explain some important features that are common to
all universal motors.

9. (a) What information must be recorded before an armature
can be rewound? (b) Draw a chart with a sample recording. (¢) What
might be the result if the wrong information is recorded?

10. (a) Describe in detail how to determine the correct lead throw
on a small armature. (b) What would happen if the armature was
rewound with wrong lead throw? Why?

11. (a) Describe how to determine correct lead throw by using a
growler. (b) What are some other functions of a growler?

12. (a) What precautions should be taken with respect to the
position of the leads in the commutator? (b) What would happen if
the leads are placed one or more bars out of the way?

13. (a) What is meant by a compensated universal motor? (b)
Describe the single-field compensated universal motor.

14. (a) Describe the two-field compensated universal motor.

(b) What function does the compensating field serve in this motor?
271
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15. (a) What precautions should be taken when stripping the
stator of a compensated universal motor? (b) List all the information
that should be recorded. _

16. (a) Describe briefly how the stator of a compensated univer-
sal motor is rewound. (b) Why is the compensating winding located
90 electrical degrees from the main winding?

17. Diagram and explain the layout of the coils of a two-field
compensated universal stator having four peles and 24 siots.

18. Show by diagram how the speed of a universal motor may be
regulated by using a variable resistance in the motor circuit.

19. (a) How may different speeds be obtained by tapping one
field of a universal motor? (b) Explain the principle of operation of
this type of speed control.

20. (a) Explain how speed may be controlled by means of a cen-
trifugal device. (b) Diagram and explain the circuit.

21. (a) What are some of the troubles that may cause a universal
motor to spark excessively? (b) Explain and give a remedy for each
trouble.

22. List as many troubles as you can that may cause the univer-
sal motor to (a) run hot; (b) to smoke; (¢) to have poor torque.

23. When a universal motor runs slower than it should, it is an
almost certain sign that it is defective. Explain how you would diag-
nose the trouble of such a motor and repair it.

24, (a) Explain the principle of operation of a shaded-pole motor.
(b) What is the purpose of the shaded coil? What will happen to the
operation if the shading coil opens?

25. (a) Show a connection diagram of a six-pole shaded-pole
motor. (b) How do you test for correct polarity? (¢) Why isn’t it
necessary for the shaded coils to be insulated from ground?

26. (a) What precautions should be taken in rewinding the field
coils of shaded-pole motors? (b) Some shaded-pole motors have an
iron bridge between pole pieces. What is this for?

27. (a) Show by diagram how a shaded-pole motor is reversed.
(b) How can you tell just by looking at the stator in which direction
the motor will rotate?

28. (a) What may be some of the reasons for a shaded-pole
motor failing to start? (b) Why is it particularly important that the
bearings of a shaded-pole motor be in perfect condition?

29. (a) Explain how a shaded-pole motor is tested for grounds,
short ecircuits, opens. (b) Describe how you locate and eliminate all
of these defects.

30. List the possible troubles of a shaded-pole motor when it runs
too hot; when it has very poor starting torque.

31. (a) Make a connection diagram of a two-speed, split-phase
fan motor having two running windings and one starting winding.
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(b} How many leads are brought out of this motor? (¢) How can you
tell which is the correct lead for connecting?

32. (a) Show by diagram the connections of a two-speed split-
phase motor having one running and one starting winding. (b) Explain
how two different speeds are obtained from this motor. (¢) Explain the
principle of consequent connections.

33. Many split-phase fan motors have a transformer in the base
of the stand to control the speed. Show by means of a diagram how this
transformer is connected to the motor.

34. Many fans are driven by capacitor motors and are controlled
for speed by means of a transformer, as in the case of the motor in
Question 33. Show how three different speeds can be obtained from
this connection. ‘

35. Explain with a diagram how the speed of a shaded-pole motor
is varied.

36. (a) What is meant by a basket winding? (b) Diagram this
type of winding,.

CHAPTER 10

Direct-current Generators; Synchronous
Motors and Generators; Synchros;
Electronic Control of Motors

1. (a) What is the difference between a motor and a generator?
(b) Since both look alike, how can you identify them?

2. (a) How are d-c gererators rated? (b) List all the information
generally found on a generator name piate. .

3. (a) Describe the construction of a d-c generator. (b) How does
it differ from that of a d-¢ motor?

4. (a) Show by a simple sketch how a potential is induced in a
conductor when it cuts lines of force. (b) Explain the principle in-
volved.

5. What factors will cause a change in the amounts of voltage
generated in a d-c¢ generator? Why?

6. (a) How can the direction of the generated voltage be changed?
{(b) Explain your answer.

7. (a) What are the three essentials necessary to cause a voltage
to be generated? (b) Explain why each of these is necessary.
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8. (a) Name several ways of producing the flux necessary in the
generation of electricity. (b) How is the direction of this flux changed?

9. (a) What is meant by a separately excited generator? a self-
excited generator? (b) Diagram each one.

10. (a) Explain in detail the operation of a self-excited gener-
ator. (b) Explain what is meant by the “building-up process.”

11. (a) Explain with a diagram the connection and operation of
a self-excited series generator. (b) What happens to the generated
voltage when load is added or taken away?

12. (a) Show a diagram of a self-excited, shunt generator and
explain its operation. (b) What are the characteristies of this generator?

13. (a) Describe the most common type of compound generator.
(b) Show a diagram of this generator and describe its operation.

14. (a) What is meant by an over-compounded generator? flat-
compounded generator? under-compounded generator? (b) Deseribe
the characteristics and uses of each.

15. How would reversed interpole polarity affect the operation of
an interpole generator? Explain.

16. How does direction of rotation affect the operation of a d-¢
generator?

17. Tt is necessary sometimes to change a compound motor to a
compound generator. Show with a diagram how this is accomplished.

18. (a) What kind of device is used to regulate the voltage gener-
ator? (b) How is it connected in the circuits? Explain how it is used
in the circuit,

19. (a) What is an ammeter? voltmeter? (b) Show by diagram
how both of these are connected in a generator circuit. (¢) What is an
ammeter shunt?

20. What is meant by paralleling generators and why is it done?

21. In order to connect two generators in parallel, what three
conditions are nece: ry? Why?

22. (a) What . an equalizer connection? (b) What is the reason
for having this when two generators are paralleled? (¢) Explain with
diagram.

23. (a) Draw a diagram of two compound generators in parallel.
(b) Explain all the connections.

24. (a) If a generator refused to generate, what troubles would
you suspect? (b) How would you remedy them?

25. Why would wrong field-pole connections prevent a generator
from building up?

26. (a) What may be some of the troubles if the voltage does not
build up completely? (b) How do you proceed to locate the fault?

27. (a) How is the neutral point of the brushes located in a
compound interpole generator? (b) How would you know that you have
the correct position?
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28. (a) What would cause the armature to spark while the gen-
erator is operating? (b) Give remedies for each of the troubles.

29. What are some of the characteristics and uses of a syn-
chronous motor?

30. (a) Describe and diagram the construction of a synchronous
motor. (b) What methods are used to excite it?

31. (a) What is an amortisseur winding? (b) What purpose does
it serve? (¢) In what type of motor is it used?

32, Show a complete connection diagram of a synchronous motor
having external excitation.

33. (a) Describe the construction of a synchronous motor with
a rotor that is not externally excited. (b) Explain its operation.
(¢} What happens if you overexcite or underexcite the rotor field?

34. (a) What types of motors do electric clocks use? (b) De-
scribe two of these types and explain their operation.

35. What troubles are usually encountered on clock motors and
how are these troubles remedied?

36. Show a complete wiring diagram of a synchronous generator
and explain its operation.

37. What effect will varying the exciting currents have on a syn-
chronous generator?

38. Explain with diagram the “all dark” and “one dark and two
bright” methods of synchronizing two alternators.

39. What would happen if the synchronizing switch is closed
when the lamps of the “all dark” method are not entirely dark?

40. (a) Explain what is meant by a “synchro.” (b) Explain its
use and characteristies.

41. (a) In what way does a synchro resemble a synchronous gen-
erator? (b) How do they differ? (¢) Describe the construction of the
synchro and show a simple diagram of the windings.

42. (a) How does a synchro operate? (b) Draw a diagram of two
synchros, one of which is the transmitter and one the receiver. (¢) Trace
out and describe in detail the function of each.

43. What effects would two reversed phase wires have on the
operation of the synchros?

44, Electronic controls have tubes which contain anodes and
cathodes. What are these terms and what are their functions in the
tubes?

45. (a) Describe a two-electrode tube and explain how this tube
operates. (b) Make a simple diagram of this tube,.

46. (a) What is the purpose of coating the filaments with barium
oxide? (b) What other materials are used for this purpose?

47. (a) What is meant by an indirectly heated cathode? (b) Show
a diagram of this type of tube.

48. (a) What is one of the chief functions of the two-element
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tube? (b) Explain by diagram how rectification is obtained when the
anode is alternately positive and negative. (¢) What is this rectification
called?

49. (a) Explain the difference between half-wave and full-wave
rectification. (b) Which is more desirable?

50. (a) Show a diagram of a full-wave rectifier using two diodes
and explain fully the circuits. (b) Draw the curves of the output of a
full-wave rectifier and explain how it differs from that of a half-wave
rectifier.

51. (a) Show how it is possible to run a small d-¢ motor from an
a-c line by using a full-wave rectifier. (b) Explain the circuit.

52. (a) What 1s meant by a grid in a tube? (b) Explain its fune-
tion in a triode. (¢) Show by diagram its symbol.

53. Explain by diagrams how the grid in a triode controls the
flow of electrons to the anode.

54. Explain the following terms: ionization; space; charge; start-
ing anode; bias; trigger-type tube; phase-¢hift control.

55. (a) Show by diagram how to operate a small d-¢ motor on
alternating current by using thyratron tubes. (b) Explain the circuit.
56. Explain the construction and operation of a phototube.

57. (a) Show by diagram a circuit containing a phototube operat-
ing a relay. (b) Explain in detail the entire operation of this circuit.
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