ALUN

ALl




DEDICATED TO ELECTRICAL PROGRESS

vDE]
P’\/Vl’}'l/s

ELECTRIC

LIBRARY
VOL.V

FOR ENGINEERS, ELECTRICIANS
ALL ELECTRICAL WORKERS
MECHANICS AND STUDENTS

Presenting in simplest, concise form
the fundamental principles, rules and
applications of applied electricity.

Fully illustrated with diagrams and sketches.
Inciuding calculations and tables for ready reference.
Helpful Questions and answers. Trial tests
for practice, study and review.

Design, construction, operation and maintenance
of modern electrical machines and appliances.

Based on the best knowledge and experience
of applied electricity.

£y FRANK D. GRAHAM, B.S.,M.S.,M.E.. EE.

THEO. AUDEL & €0O.,. PUBLISHERS



Reprinted 1945

Copyrighted 1931, 1938, 1940, 1942

Theo. Audel & Co.

Printed in the Unsted States of America




Audel’'s New Electric Library

ELEGTRIG

RADIO

TELE PHONE

TELEGRAPH | £

BELLS-SIGNALS j @
NTION E

PIGTURE s

TALKIES 1

ELEGTRIG

Note

REFRIGERATION

HEATING D -G-MOTORS
AR CONSTRUGTION
W&k’%ﬁms INSTALLATION
GOMPRESSORS ANGE

DOMESTIC-FARM |l
APPLIANCES JE 4%

RAILWAYS ||
SIGMALS i %
ELEVATORS |

HOISTS-CRANES

6AS ENOINE | !
AUTO» AERO
I6NITION
STAKTERSV“I

NEW
ELEGTRIG
DIGT [ONARY
CYCLOPEDIA

JELEGTRIC * [ || OF WORDS FUNCAMENTAL
CALGULATOR | PRINGIPLES
| FoRENGINEERS [I Aro RULES o

ELECTRIGITY

DYNAMOS

AT
ELEGTRICAL
TESTING

INSTRUMENTS

e TESTS

STORAGE

BATTERY

GONSTELCTION

~REPAIRS]R]

ALTERNATING
GURRENT

PRINGIPLES
Ao DIAGRAMS |
POWER 5

FAGTOR
ALTERNATORS

TRANSORME

HOUSE °LI6HT 1’ '“IV!
ano  POWER

CIRCUITS ’
HIGH TENSION
TRANSMISSION

MAINTENANGE

RELAY
CONDENSERS GONVE RTERS

PLAS s | | RECTIF IS TS 6
CALCULATIONS || METERS i
GODE VI | | Switnisaos | | | BREAKERS
(R
| TRACTIE W

“‘Audel’s New Electric Library” comprises twelve volumes,
this book being one volume of the 12 volume library; for the
principal subjects covered in each volume, read around the

clock.



STARTING POSITION

CHOKE COIL

CONTACT PLATE
| (TURNS WITH SHAFT).

COMPRESSION
| SPRING
CONTACTS
(STATIONARY)

7
¥ STARTING
WINDING

RUNNING POSITION

CENTRIFUGAL
FORCE \

MAIN
WINDING

STARTING
/WiNDING
— = | of
—— | SQUIRREL CAGE
- L1
—
e

t’ff/.', P
pr s |
{

How a Split Phase Induction Motor Cut Out Switch Works

Elementary split phase induction motor with cut out switch. Fig A, cut out switch closec.
at start; starting winding in circuit; fig. B, motor speeded up to point where centrifugal force
acting on governor weights has overcome the tension of spring and opened switch, cutting

out starting winding.



Foreword

This series is dedicated to Electrical
Progress-—to all who have helped and
those who may in the coming years help
to bring further under human control
and service to humanity this mighty
force of the Creator.

The Electrical Age has opened new
problems to all connected with modern
industry, making a thorough working
knowledge of the fundamental princi-
ples of applied electricity necessary.

The author, following the popular appeal for practical
knowledge, has prepared this progressive series for the electrical
worker and student; for all who are seeking electrical knowledge
as a life profession; and for those who find that there is a gap in
their training and knowledge of Electricity.

Simplicity is the keynote throughout this series. From this
progressive step-by-step method of instruction and explanation,
the reader can easily gain a thorough knowledge of modern
electrical practice in line with the best information and experi-
ence,

The author and publishers here gratefully acknowledge the
hearty and generous help and co-operation of all those who have
aided in developing this helpful series of Educators.

The series will speak for itself and *‘those who run may read.”

The Publishers.
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How to Use This Book

Finder

IMPORTANT

To quickly and easily find information on any subject, read
over the general chapter headings as shown in the large type—
this brings the reader’s attention to the general classification of
information in this book.

"Each chapter is progressive, so that if the reader will use the
outline following each general chapter heading, he will readily
come to the inforination desired and the page on which to
find it.

Get the habit of using this Index—it will quickly reveal a
vast mine of valuable information.

“An hour with a book would have brought o your mind,
The secret that took the whole year to find;

The facts that you learned at enormous expense,
Were all on a library shelf to commence.”
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CHAPTER 57

. Internal Resistance
Induction Motors

Just as the electrical industry as a whole owes its present day
development largely to the invention and perfection of the

1a. 2,706.—Wagner internal resistance motor construction 1. Armature showing low
resistance winding, centrifugal governor and fans. There is a fan on each end of the armature;
on the pulley end the blades are designed so that they may be used in balancing the armature,
and on the opposite end the blades are spot welded to a steel plate which isrigidly bolted to the
core of the armature, The low resistance insulated winding is brought out to a multi-contac.
short circuiting switch. The squirrel cage which underlies the insulated winding is formed or
copper bars and copper rings which are brazed together, forming permanent unbreakable
joints.
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alternating current system, the electrical power industry owes
its development largely to the polyphase induction motor.
The induction motor was simultaneously invented in Italy by
. Ferraris, in Germany by Dobrowolsky, and in the United States
: by Tesla.

The original type was the induction motor with a short circuited rotor,
known as the squirrel cage motor. Up to the present day, the squirrel cage
has been in more general use than any other type. In the beginning, the

, principal advantage of the induction motor was that it permitted the utiliza-
' tion of polyphase power. Today the induction motor is more generally used

Fia. 2,707.—Wagner internal resistance motor construction 2. Another view of the
armature. :

than any other, because it is the simplest in construction, the most reliable
in operation and the easiest to maintain. The squirrel cage motor is well
suited to constant speed service where the starting duty is light and infre-
quent. It does not possess the high starting torque needed for many motor
applications.

Starting Squirrel Cage Motors; Difficulties.—If a squirrel
: cage motor be connected directly across the line voltage with
i locked armature, it will develop 125 to 1509 of full load torque
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and draw 500 to 6009, of full load current. To keep the current
down to safe values, it is customary as explained in the preceding
chapter to reduce the applied voltage by using a transformer,
choke coil or rheostat. This reduction in impressed voltage also
reduces the starting torque, the latter varying as the square of
the terminal voltage. However, the starting torque developed

Fra. 2,708.—Wagner internal resistance motor construction 3. Detail of field.

by a polyphase motor may be increased by intreasing the
resistance of the squirrel cage winding, up to the point where
the squirrel cage resistance equals its reactance, at which point
the maximum starting torque obtainable from this motor is
secured.

The disadvantage of using a high resistance armature in a
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general purpose motor, lies in the large slip and heavy armature
losses caused by the high rotor resistance, resulting in a large
drop in speed from no load to full load, with increased tempera-
ture rtse and reduced efficiency.

Development of Internal Starting Devices.—Since speed
adjustment is necessary for only a few applications, and the slip

F1g. 2,709.—Wagner internal resistance motor construction 4. Four way terminal box
The box is part of the motor frame and can be turned in any one of four directions to suijt
conditions. The line connections can be brought directly into the box through either solid or
flexible conduit. The terminal connections are accessible by removing the two screws that
hold the box cover in place. The leads themselves are supported by an insulating block inside
the box.

ring motor described later which permits variable speed, in-
volves the drawbacks of extra wiring, friction of the rings,
dependence on the skill of the operator in starting and a speed
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varying with the load when there is resistance in the secondary
circuit, efforts were soon made to provide in the motor itself
some automatic means of effecting the shift from high to low
resistance.

The first attempt was made by Prof. Arnold in Germany shortly after the

first invention of the polyphase induction motor. He proposed the use ofa
rotor winding of many sections, the ends of each section being brought out

Fras. 2,710 t0 2,721 .— Wagner i.ilernal resisl.nce motor construction 5. Nisassembly of
motor showing assembled arm wture, field and end plate.

to slip rings and so connected that the voltages in different grcins opposed
each other at start. This was equivalent to a high starting resistance.
‘When the motor came nearly up to speed, the connections were re-grouped
to make the voltages assist each other and give the low equivaler.t resistance
so favorabie to efficient rurning.

In 1894 Prof. Georges patented a motor that operated on the opnosing
voltage principle, but added an automatic centrifugal governcr to shift the
connections from starting to running position.

ik
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Figs. 2,722 to 2,745.—Disassembly showing armature, fan plates governor and smaller parts.

In 1899 Zani invented
a motor in which the rotor
resistance wasmadehigher
at starting by the use of
choke coils and resistors,
connectedin parallelacross
the terminals of the arma-
ture windings. The cen-
trifugal governor shifted
the cores of the choke coils
so that the resistors took
practically all thecurrent -
during the starting and the
low resistance choke coils
took practically all the
current at high speed.

Allofthedevices just de-
scribed while theoretically
correct,weremuchtoo com-
plicated and delicate for
any motor meant to rotate
at 1.800 7.p.m. and be
reasonably fool proof. The
need for a simple and ef-
fective self-starting motor
was growing.at a pace that
paralleled thegrowthof the
power industry.

In modern internal
starting devices,
automatic change from
starting to running
connections is obtained
by centrifugal force,
brought into effect
through the means of a
centrifugally operated
switch which as the
speed increases, acts to
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short circuit one of the windings as shown i the accompanying
illustrations.

Although a very large percentage of all alternating current motor appli-
cations are at present handled by either squirrel cage or slip ring motors,
certain disadvantages inherent in each are generally recognized.

The low starting torque of the squirrel cage motor, and the necessity of
a compensator for protecting the line voltage against surgesare obviated in
the slip ring motor but at a comparatively high cost entailing also costly
maintenance of a more intricate motor and control.

Because of its high starting torque and variable speed characteristics, the
slip ring motor may be applied to a wider variety of equipment than the
squirrel cage motor. Central stations prefer it because of its better power
factor at start and provisions against line surges.

Since variable speed is not gencrally required, a constant spesd motor
which combines the desirable starting characteristics of a slip ring motor
with simple inexpensive control effects an economic saving both for the user
and Central Station, which fact accounts for the rapidly increasing installa-
tion and popularity of the automatically controlled internal resistance
self-starting motor.

By definition an internal resistance induction motor is one
having an armature so construcled as to oblain a high resislance
(ohmic or spurious) while starting and a low resislance while
running without external connections.

The high resistance may be in the form of

1. Grids.
2. High resistance winding.
3. High reactance winding.

Formerly the high resistance in form of grids was located on the spider
inside of the armature itself as shown in fig. 2,746. In this construction
the armature is equipped with a winding similar to that of a revolving
armature alternator and the ends of the winding are connected to sliding
fingers which make contact with the high resistance. The position of these
fingers controls the amount of resistance in the armature circuit, and the
position of the fingers is regulated by a lever which operates a sliding sleeve
mounted on the armature shaft.
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I'wo forms of the second type just classified are given. One
employs a combination of
a. High resistance squirrel cage
b. Low resistance lap winding

and the other a combination of

a. High resistance squirrel cage
b. Low resistance phase winding

RESISTANCE CONTROL KNOB

FiG. 2,746.—Phase wound armature for internal resistance induction motor with resistance
grids. In starting, the inductors are short circuited through a resistance which is gradually
cut out as the motor comes up to speed.

The idea of placing a high resistance winding (for starting torque) and
a low resistance winding (for efficient running) on one rotor is not new.
The difficulty encountered by builders of “self-start’’ motors lay in devising
a simple fool proof mechanism which would be so rugged as to permit being
enclosed in the motor frame without fear of requiring attention of any kind.
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The operation of the high resistance squirrel cage, low resist-
ance winding arrangement is shown in the diagram fig. 2,747.

As explained in the preceding chapter, the total opposition to
the flow of current in a squirrel cage motor inductor, or émpedance is made up
of the actual or ohmic resistance of the bar and the apparent or spuifous
resistance or reactance due to self-induction.

LOW SHORT CIRCUITING
RESISTANC R e
INSULATED 7, -

WINDING

SQUIRREL CAGE

Fig. 2,747.—End view diagram of Wagner high resistance squirrel cage low resistance winding
type of internal resistance motor showing the shaft, the low resistance squirrel cage, the high
resistance insulated winding, and the segments of the multi-contact switch which short cir-
cuits the insulated winding when the armature attains 70 per cent of running speed.

Since the reactance depends on the armature frequency (which in turn
depends upon the difference between the speed of the rotating magnetic
field and the speed of the armature) it is greatest the instant the motor is
connected to the line in starting and gradually decreases as the motor
speeds up. The effect of this being to cause the current to lag behind the
pressure especially at the beginning of the starting period as shown in figs.
2,641 to 2,643. In other words (assuming low ohmic resistance inductors)
the effect is that whereas there is a big current flowing at the beginning of
the starting period, the maximum flow is reached too late to produce a cor-
resporidingly high torque. This initial rush of current causes a fluctuation
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F1a. 2,748.—Speed torque and current curves of a polypnase ‘nduction motor with different
values of secondary resistance. For constant terque zny variation in the armature re-
sistance requires a proportionate variation 1n the slip. If the slip with a given torque be
10%, for instance, it must be 20% tor doutble the resistance. The armature resistance
may be in the windings themselves as in internal resistance motors, or it may be entirely
separaie from the mnachine and connerted to the windings by suitable means, as shown
in external resistance or slip ring mators.

Now, the angle of lag would also be lessened if Lie reactance of the armature
circuil could be lessened: but after a squirrel cage armature is once built,
this cannot be done economically, herce the necessily of providing an exira
winding lo secure the high resistance desired in starfing.

Of course, increasing the resistance of the armatnre circuit will diminish
the current in the circuit, but fkis diminution in current will not af first
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decrease the net lorque as much as the decrease int angle of lag increases the
torque.

Small increases in armature circuit resistance do not diminish the current
very much, but they do materially increase the cosine ¢f the angle of lag,
and the greater the cosine (for a given current) the greater the torque.

The operation of the high resistance squirrel cage, low' re-
sistance iusulated winding arrangement is shown in figs. 2,747,
2,750 and 2,751.

. This type motor has a high resistance squirrel cage to keep
down the current and increase the lorque while starting, and a

.

TORQUE

F16. 2,749.—Speed torque curves of polyphase induction motors showing effect of magnetic
}eakage. There are relative curves for two similar motors having different values of magnetic
eakage.

NOTE .—It may be shown mathematically that maximum torque is exerted when the
armature circuit resistance has been increased to equal the rotor circuit reactance.
. NOTE.—The starting torque is proportional to the square of the impressed voltage. It
is directly proportional to the armature resistance and inversely proportional to the square of
tue total impedance of the motor. A change in armature resistance affects the starting torque
both directly and indirectly. So long as the armature resistance is the lesser item in the imped-
ance, an increase of armature resistance results in an increase in starting torque. Beyond this
point the inverse relation is greater than the direct relation and increased armature resistance
then causes decreased torque at starting. The reactance component of the impedance depends
upon the magnetic leakage. If high starting torque is desired, the magnetic leakage should be
as small as possible.
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STARTING POSITION

(SHORT CIRCUITING SWITCH OFF POSITION)

SQUIRREL
CAGE SHORT CIRCUITING SLIDING CONTACT RING

FIXED
- :‘ ,_-sTop
w2 BT
Rl wrr FIXED TO-SHAFT
e &% /% - . -
S P - {
Z = |
c= SHAFT
= ,
Z e RELEASE e CENTRIFUGAL
: SPRING GOVERNOR

P 4 WINDING CONTACTS
HIGH RESISTANCE WINDING

RUNNING POSITION

(LOW RESISTANCE WINDING, SHORT CIRCUITED)

Z Nk # 77 LOW RESISTANCE

CENTRIFUGAL
FORCE

FiGs. 2,750 and 2,751.—Diagrams showing operation of multi-contact short circuiting switch
of high resistance squirrel cage low resistance lap winding type of internal resistance induc-
tion motor. Fig. 2,750, switch open starting position; fig. 2,751, switch closed, running
position. The diagrams show a ring instzad of a number of seements.
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low resistance lap winding for efficient operation afler coming
up lo speed.

During the starting period before the short circuiting switch acts (fig.
2,747), the voltages induced in one half of the insulated winding oppose
those induced in the other half as indicated by the dotted arrows H,
these opposing voltages prevent a flow of current. During this time con-
siderable torque is produced due to the high resistance squirrel cage.

Fies. 2,755 to 2,759 —Parts of Triumph internal resistance induction motor centrifugally oper-
ated switch. A feature of this construction is the three point contact which insures contact at
all the points c¢ven if the alignment be poor. The parts are: A, governor case, C; inner
head of case; ¥, pivot; L, link; P, switch plate bolts; R, contact plates; X,Y,Z, contacts.

When, due to increasing speed, centrifugal force operates the short cir-
cuiting switch pushing out the segments as indicated by the shaded posi-
tion, the voltages induced in each of the codls produce currents which
circulate in their own respective paths as indicated by the {ull line arrows D.

The second form of the second tvpe of internal resistance
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motor has a high resistance squirrel cage and a low resistance
phase winding, as illustrated in the accompanying cut.

Fig. 2,754 is a typical example of this form. In operation it startsona '
high resistance squirre} cage 6, without a compensator and develops a torque
two and one-half times its normal rating. Above this bare winding, and
separated from it by mica insulation, is a low resistance phase winding 3,
similar to that used on a slip ring motor.

The three wires which normally lead to the slip rings, are instead con-
nected to three contacts on the automatic governor mounted on the shaft.
At about two-thirds synchronous speed, the weights W, swing outward,
operating like a ball governor on an engine, and compress the spring S,
shert circuiting the three leads from the phase winding.

At full speed, both windings operate together dividing the load in inverse
proportion to the impedance of each. The motor then runs as a constant
speed phase wound motor, with characteristics the same as a slip ring motor
which has had all of the resistance cut out of the rotor circuit. The short
circuiting is done, however, at the motor by direct contact instead of having
to pass through the sliding contacts into slip rings and from slip rings to the
starter contacts.

The third type of internal resistance motor classified as those
having a high reactance winding is commonly known as a
double squirrel cage motor and is explained in the section
following.

Double Squirrel Cage Motors.—A feature of this type of
induction motor is its simplicity since it does not use a cen-
trifugal switch, but depends upon the change of frequency in
" the armalure circuils, as the armalure changes speed, lo change
the operaling characteristics belween slarting and running
conditions.

This motor is called the double squirrel cage motor, since the
armature has two complete squirrel cage windings.
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One squirrel cage is placed within the other as shown in fig. 2,762. The
outer squirrel cage has the same proportions as in the ordinary squirrel cage
motor, but has a high resistance.

Since there is little iron above the inductors through which the leakage
i flux may pass, the self-inductance of this outer winding is not very large.
The inner squirrel cage is of low resistance and, since it is placed deep in the
core iron, with steel filers or a steel bridge partly closing the path for leakage
flux above it, the self-inductance is comparatively great.

The end rings may be attached in a manner convenient for shop facilities,
with due regard to mechanical strength and the proper ventilation to dis-
sipate the heat.

HIGH
RESISTANCE

SQUIRREL CAGE®

HIGH
REACTANCE

SQUIRREL CAGE
(LOW RESISTANCE)

F16. 2,762.—Detail of double squirrel cage windings showing placement of the high resistance
and high reactance (low resistance) squirrel cages.

The rings for the two wirdings may be combined in one ring, as shown
in fig. 2,763, or may be made separate from each other, as shown in fig.
2,764, by suitably changing the bar proportions to give the proper effective
resistance relations. The double squirrel cage is not a new type of winding,
' having been originally developed in 1890, less than a year after the original
development of the induction motor. It has, however, only recently come

into commercial prominence.
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SINGLE END RING

. M

_ WIREIRORRI

Fia. 2,761 .~——Westinghouse double end ring construction for double squirrel cage armature
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The application of this motor is for services requiring high starting torque
and continuous running at full load, such as is required for crushers, plunger
pumps, belt conveyors, and grain elevator legs. Loads having great fly-
wheel effect such as slow speed fans, air compressors, and refrigerating ma-

chinery also fall in this class. These duties require starting torques about
twice full load value.

The operation of the double squirrel cage to meet the condi-
tions depends upon several things.

16, 2,765.—Fairbanks Morse double squirre! cage induction motor; sectional view showing
arrangement of the squirrel cages and other details. In construction, the armature lam-
inations are punched for squirrel cage hars, one at the bottom of the slot and the other
near the edge of the lamination. When the core is assembled, drawn hrass bars of com-
paratively high resistance are placed in the outer slots and welded to an end ring; in the
inner slots are placed heavy pure copper bars of low resistance on which a low resistance
end ring is cast. In this way, two separate concentric squirrel cages are formed.

The frequency of the armature flux which produces the voltage in the
armature is proportional to the difference between the synchronous speed

and the armature speed, being line frequency at standstill and zero fre-
quency at synchronous spead,
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1,876 Internal Resistance Motors

The current in the two squirrel cages is inversely proportional to their
respective impedances at any instant.

At start, with full line frequency in the armature, the impedance of the
lower winding will be very high, because of its high reactance. The im-
pedance of the upper squirrel cage, however, will be relatively low, since it
consists largely of resistance and has low reactance. The result is that the
current is large in the upper squirrel cage and small in the lower. Hence,
the upper high resistance squirrel cage will have high I?R losses and will
develop a high starting torque, since the torque developed by a squirrel
cage is proportional to the I?R loss in its armature winding; while the Jower
squirrel cage will be comparatively ineffective at the start, due to the low
losses resulting from the small current component and the low resistance.

Fia. 2,768.—Fairbanks-Morse double squirre! case armature with oblique or skewed bars.

As the armature approaches synchronous speed, its frequency becomes
fow and the impedances of both squirre] cages consist largely of resistance.
The current divides. between the two armatures almost inversely as their
resistances. Hence, the greater part of the current will flow in the lower
squirrel cage and produce most of the toique withsm. 1l slip and small arma-
ture loss, while the: upper sqairrel cage will carry but a small current due to
its high resistance. Th 1s, the change in armature frequency aidsin obtaining
a motor having high starting torque per ampere taken from the line, and at

_ the same time having good full load regulation and efficiency.

Another way to consider the operation of this motor is to determine the
characteristics of each armature winding as though the other armature were
not present, and then add the torques developed by each to obtain the total
torque.
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Double Squirrel Cage Motor with ‘‘Choker.”—A recent de-
velopment in double squirrel cage motor design makes use of
what is termed the variable leakage gap principle. In this motor
the current in the inner squirrel cage at starting is choked by
means of movable iron rods. These rods as shown in figs. 2,769
and 2,770 are placed in each armature slot between the inner
and outer bars.

. N B
HIGH \\\ w\vmmon oF
RESISTANCE—N\JE777777772L\. IRON ROD

SQUIRREL % WHEN MOTOR
CAGE FOR 15 RUNNING

STARTING

END_|
LEAKAGE RING
GAP
POSITION OF \
IRON ROD }
WHEN MOTOR |
IS STARTING Y (

N
/\PATH OF

OW RESISTANCE ' AF%SSQ(SGE FELUX

L INN
SQUIRREL CAGE RBARS
FOR RUNNING

INNER Low RESISTANCE BAR /

ROUND {RON ROD WITH BALL ENDS
F1es. 2,769 and 2,770.—Fairbanks Morse “Choker”’ type, double squirrel cage motor construc-
tion. Fig. 2,769, cross section showing high and low resistance bars an f choker rod in
initial position, air gap close). Fig. 2,7.0, longitudinal sectional view. In operation, in
starting, the iron ro’s forin a path for the leakage flux and short circuit the low resistance

squirrel cage, but as the motor speeds up, the iron rods are thrown out by centrifugal force
and the low resistance squirrel cage then becomes effective.

The instant the motor is connected to the line the iron rods are pulled
down toward the inner bars, closing the small leakage gap in the armature
iron, which almost completely chukes the current in the inner low resistance
squirrel cage by forming a complete iron circuit around each inner bar.
This cheking action on the inner armature forces practically all of the
current to flow in the outer high resistance winding at starting, thus pro-
ducing a high starting torque with a low starting current.
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As the 1mnotor accelerates, the iron rods are thrown out of the leakage
gaps, by centrifugal force, thus removing the choking effect from the
inner squirrel cage wher. the motor is running.

At starting there is a slight noise due to the rods changing position,
but since this is practically instantaneous the noise is not objectionable.

& GAP
h CLOSED

™ } 77
$“ \ ¢ =7
' 247
#
Fres. 2,771 and 2,772.—Operation of choker rod of Fairbanks Morse choker type double squirret
cage motor. Fig. 2,771, armature at rest, choker rods held in closed posilion by mag-

netic attraction; fig. 2,772, armature nearly up to running speed, choker rods thrown out
by centrifugal force to epen position, opening the leakage gaps.

Double Squirrel Cage Characteristics.—The starting torque
is approximately 1509, of full load torque with full voltage
applied, although this value varies between 145 and 1809, for
the different ratings.
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~

motor, which may develop a high starting torque by the use
of a high secondary resistance. This resistance is later short
circuited, allowing the
motor to operate at high
efficiency, and low slip near
full load.

To obviate the complications
of the external resist-
ance motor, the double
squirrel cage motor is
used. The maximum
torque and the start-
ing current in all
squirrel cage motors
bear a more or less defi-
nite relation to each

Fres. 2,774 and 2,775.—Century automatic start polyphase induction motor armature. Fig.
2,774, partly assembled; fig. 2,775, complete. There are two sejarate windings on the
armature. In operation, the motor starts with approximately one third of the armature
inductors in service until a predetermined speed (about 3{ of synchronous speed) is reached,
when a governor places the additional armature copper in service. The armature induc-
tors which are in astive service during the first part of the starting period, as used on the
15 h.p. 60 cycle, 4 pole sizes and larger, are in the form of a squirrel cage. This squirrel
cage is made up of half round bars and formed U shape end rings brazed together The
starting winding on the smaller sizes consists of bare copper wire coils, each being short
circuited upon itself by welding the ends of the coils together. The balance of the arma-
ture copper, which is put into service in the latter part of the starting period, is an insulated
winding connected to contact segments. The short circuiting of the insulated armature
winding is accomplished by the use of short circuiting segments and a centrifugal force
governor. When the governor acts (at approximately 34 full load speed) the copper short
circuiting segments slide into a position which connects each insulated coil to a copper short
circuiting ring of substantial cross section.
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Fia. 2,776.—Century automatic start polyphase induction motor; sectional view showing

construction.

1 Name plate

2 Eecutcheon pin

8 Frame

4 Field fibre

5 Field core

68 End bracket screw

7 Contact segmenta

8 Paper ring

9 Contact head
10 V-ring
11 Ventilating fan

12 Oil well cover

13 Dog point bearing scfew
14 Shaft collar
315 Front bearing cap

18 Phosphor bronze bearing
17 Otl ring

18 Governor spring

19 Ventllating fan set screw
lock nut

20 Ventilating fan set screw
21 Oil drain plug

322 Fan felt

23 Paper ring, tapered

24 Mica ring

The parts are as given below.

25 Short-circuiting ring

26 Short-circuiting segments
27 Spring barrel

28 Governor pin guide washer
29 Ralil

30 Front armature flange.

31 ‘Terminal guard screw

32 Termlnal guard

83 Porcelain terminal block
34 Armarcure ventilating grids
86 Sub-base bolt washer

86 Square head machine balt
37 Sub-base screw

38 Hexagon nut

39 Armature core key

40 Armature fut .

41 Governor weightrivet

42 Governor weight pin rivet
13 Governor welght pin

44 Bell crank

45 Bell crank stud

4@ Cotter pin

47 Governor weight link

48 Governor weight link rives
19 Governor weight bushing

50 Governor weight stud
bushing

51 Pulley

52 Pulley set screw

53 Back bearing cap

54 Pulley key

85 Shaft

58 Oll ring guard screw
87 Oil ring guard

58 Governor weight stud

89 Governor weight stud
washer

60 Governor welght washes
81 Governor weight

82 Back armature flange
63 Armature fibre

64 Armature core

85 End plate

66 Fleld ring screw

67 Fleld ring

68 Eye bolt

69 Fleld ventilating gride
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other. This ratio for the average general purpose motor is in the propor-
tion of approximately 1759, of full load torque at the maximum point,
and 4509, of full load current at start. With the double winding, the
starting torque is not so closely allied with the starting current. With
the above conditions of maximum torque and starting current, the starting
torque may have any value between 75 and 2509, full load value by vary-
ing the resistance and reactance of the upper and lower squirrel cage
windings.

If a general purpose motor primary be used with a double squirrel cage
secondary, the maximum torque is reduced to approximately two thirds
of the original value, when the starting current is brought down to meet
the values specified by the N. E. L. A. This means that motors which

F16. 2,777.—Century automatic start polyphase induction motor frame and field winding.

have a maximum torque less than about 2.75 times full load ‘o::'ue as a
general purpose motor, must have a stronger field when used witr a1 double
cage armature. This results in lower power factor, due to the increased
magnetizing current. General purpose motors of the higher speeds, that
is, 1200-1800 7.p.m.and larger motors at 900 7.p.m. have maximum torques
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which are sufficiently high to permit the use of double cage armatures
without strengthening the field. Such motors will not have as great a
decrease in power factor as the slower speed motors, when used with
double cage armatures.

High starting torque, continuous running applications are filled by
using external resistance motors or double squirrel cage armatures for full
voltage starting. The external resistance motor should be used where the
mass to be accelerated is large, as on fly wheels or other high inertia loads,
so that the high losses during acceleration can be taken out of the motor
to the external resistance.

The double squirrel cage motor is used where the starting torque is
high and the inertia is not too large. The double squirrel cage armature
is also used where danger of explosion precludes the use of collector rings
and brushes, and where simplicity and ruggedness of construction over-
balance the other conditions in favor of wound armature motors. Specifi-
cations for these motors should include the values of starting current and
the maximum torque desired, bearing in mind the ratio between them
given above. With greater starting torque the efficiency will be lower.
High speed motors with high starting torque will have medinm reductions
in power factor. Slow speed motors will have a greater reduction in power
factor.

High Slip versus High Torque Motors.*—It has long been
known that an increase in the armature resistance of an in-
duction motor, without changing other design constants, re-
sults in an increase in slip, and up to a certain poitt, increased
starting torque, without change in maximum or pull out
torque. Hence there is a widespread idea that the terms “high
¢lip” and “high starting torque” are synonymous. This is not
necessarily the case.

Two motors of the same rated horse power and speed may
be designed to vary widely in reactance and other characteris-
tics, depending on the purpose for which they are intended.
Hence a high slip motor may have a fairly low starting torque;
and a motor with high starting and pull out torques may have
a low slip.

*NOTE.—The author is indebted to F. J. Johns of Westinghouse Electric & Mfg. Co. for
the accompanying discussion of high slip versus high torque motors. . -
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In fig. 2,778:

A, is a high slip motor, designed with a high resistance armature and
normal resistance.

B, is a high torque ‘motor, designed with a normal armature resistance
and low reactance.,

C, is a motor designed with a high resistance, low reactance starting
winding and a low resistance, high reactance running winding, such as a
motor with a double squirrel cage armature winding, the starting winding
being near the armature surface or air gap and the running winding deep

200, >
. POUNDS: FEET :

Fia. 2,778.—Speed torque and current curves of 25 k.p. 8 pole, 60 cycle induction motors
according to F. J. Johns (of Westinghouse Co.) A, speed torque of a high slip motor; B,
speed torque curve of a high torque motor; Cy, speed torque curve of a line start motor; A,
current torque curve of a high slip motor; B, current torque curve of a high torque motor;
C, current torque curve of a line start motor.

in the armature core below the starting winding. The load current is
shifted automatically from the starting winding to the running winding
by the change in armature reactance as the armature speed increases.
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Because of the confusicn of terms, in some cases, high torque
motors have been applied where hlgh slip motors should have
been used.

A high slip motor should be used on such applications as shears, punch
presses and all fly wheel applications where the motor must slow down
to allow the fly wheel to give up its kinetic energy, with sufficient time
between the operations of the machine to allow the fly wheel to gain speed
and store up sufficient energy for the next operation.

Motors for fly wheel application seldom require a high starting torque,
the standard torque value being sufficient. For such application, the
motor should be referred to as a high slip motor and not as a high starting
torque motor.

On the assumption that a high slip, high resistance armature motor is a
high starting torque motor, high slip motors have been used for applica-
tions such as conveyors, compressors, etc. On these applications a low
slip, high startinz torque motor should be used, as the motor must start
a heavy load f.orm 1ect and the running speed should 1 e as high as possible.

A difference in speed ¢n a conveyor or similar application of 100 r.p.m.
may slow up the handling of material, etc., considerably; also the speed
variation of the motor from no load to full load should Le practically
constant.

The torque curves shown in fig. 2,778 are good examples of
ideal torque curves.

These three torque curves are free from cusps, and the three motors
are capable of bringing up to speed any load they can start. The shape of
the torque curve is of importance, as a cusp in the curve which reduces
the torque between start and maximum points to a value considerably
helow the starting value may result in the mator failing ta come up to
speed. This would 1equi-e replacement of the motor with one which has
a torque curve approaching the curves shown in fig. 2,7.8, or a motor of
higher rating.

It is usually recommended that a motor have nearly 2009,
of full load torque at its maximum or pull out point.

?

For most applications this is not necessary. Comparing the maximum
torque value of the motors shown in fig. 2,778, the line start motor and
the high slip motor have approximately the same value of maximum torque,
namely 2139, of full load torque, whereas the high torque motor has
3259, of full load torque at its pull out point.
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The horse power of these motors at their maximum or pull out points
is 34.6 for the high slip, 48 for the line start and 57.7 for the high torque
motor. Obviously the value of maximum torque in terms of full load
torque is not always a measure 2f the maximum horse power that a motor
will deliver, momentarily without overheating or pulling out.

The starting currents of the three motors under discussion
can be taken from the current curves.

They are the extreme upper ends of the curves. There is not much
difference between the starting current for the high slip and the line start
motor, but the high torque motor takes considerably more: current at
start.

From the speed torque and current torque curves in fig. 2,778
the following conclusions can be drawn:

1. A high slip motor is not necessarily a high starting torque motor, 7.e.
a motor with a high armature resistance does not always have a high start.
ing torque.

2. A hxgh starting torque motor can be built without a hlgh re513tance
armature, in which case it is not a high slip motor.

NOTE —Eflect of changes in voltage and frequency on induction motor operation.
According to B. G. Lamine, some variations from normal voltage and frequency are generally
permissible with any induction motor, but such variations are always accompanied by changes
from normal performance. With either the voltage or the frequency differing from normal
the following performance changes must he expected:

1 | J
Conditions | Power Factor Torque | Slip
Voltage high | Decreased Increased Decreased
Voltage low ] Increased Decreased Increased
Frequency high | Increased Decreased Per cent slip unchanged
Frequency low | Decreased Increased | Per cent slip unchanged
|

Usually a variation of either voltage or frequency not exceeding 10% is permissible and
within this limit the efficiency remains approximately unchanged. The voltage and fre-
quency shouid not be varied simultaneously in opposite directions, that is, one decreased
and the other increased. If an induction motor must operate on frequency other than stand-
ard, the performance will be better if the voltage be changed in proportion to the square root
of the frequency. Thus a 400 volt, 60 cycle motor operating on 663§ cycles will have very
nearly its normal operating characteristics if the voltage be raised to 400X V6634 +60 =420
volts. Decreasing the voltage much below normal is seldom permissible on account of re-
sulting increased temperature rises. An jncrease in the frequency results in a considerabla
reduction in the maximum load which an induction motor can carry.
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3. Two motors of different design can have the same starting torques
and different pull out torques; or they can have the same pull out torque
values and different starting torque values.

4. Two motors of different design can have widely different values of
starting current for the same starting torque; or they can have different
values of starting torque for the same starting current.

It is seen, therefore, that in specifying a motor for a given
application it is better to do so, not on the basis of design char-
acteristics, but on the basis of operating characteristics desired.

F16. 2,779.—Installation of Wagner internal resistance motor showing three phase wiring
connections.

Ques. For what size motors is the internal resistance
method suited?

Ans. Small motors.

Ques. Why is it not desirable for i1arge motors?

Ans. The excessive I?R loss in the resistances, if confined
within the armature spider, would produce considerable heating,
and on this account it is best placed external to the motor.

Ques. On what class of circuit are internal resistance mo-
tors desirable?
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Internal Resistance Motors 1,889

Ans. On circuits devoted to light-
ing service as well as power service,
when a high degree of voltage regu-
lation is essential.

The initial rush of current when a
squirrel cage motor is thrown on the line
is more or less objectionable and there are
central stations which allow only resist-
ance type of induction motor to be used
on their lines.

Squirrel-Cage
Starting Idle

3:
=
~
=
2
=
=
=
-
e
e
bl
-

Oscillograms of Starting Current
for Internal Resistance, and Squir-
rel Cage Motors.—The current at
the instant of starting a squirrel
cage motor is 500 to 600% of the
full load current if full voltage be
applied. Hence compensators or
rheostats are almost invariably used
to reduce the starting voltage for all
squirrel cage motors above 5 h.p.
Thus the current at starting de-
pends on the compensator taps used
or on the amount of resistance in-
serted in series with the motor.
Usually the compensator is tapped
at the 709, points so that the cur-
rent at the instant of starting is lim-
ited to 3009% of full load value,
which is about equal to the maxi-
mum current in an internal resist-
ance motor. However, there ‘s a
marked difference between the two

{orrect Sinitching
82, —Starting current with motor izle—switching from the “start’ to “run” incorrectly timed.

N

F1c. 2,781.—Starting current with motor idle—switching from “start” to “run’ correctly timed.

Fic. 2
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motors in this respect. The gov-
ernor inside the starterless motor
automatically limits the current so
that it never exceeds 3009, of fuli
load value.

When a squirrel cage motor is
used the plant engineer can set the
compensator taps so that the cur-
rent at start is no more than 3009,
of full load, but at the moment when
the compensator handle is pulled
over from starting to running posi-
tion, there is a sudden drop and
jump of current, and considerable
voltage fluctuations may result if
the handle be pulled over too soon.
The oscillograms, figs. 2,781 to
2,786, show clearly the extent to
which the squirrel cage current
peaks depend on the skill of the op-
erator.

An oscillogram is the tracing left
on a photographic film by an oscillai-
ing beam of light, the amplitude of

" the oscillation being a measure of the
line current. The cylindrical film is
rotated at uniform- speed. Thus
these oscillograms are accurately
traced curves showing just how the
line current changes with the elapsed
time after starting.

The following comments on figs.
2.781 to 2,784 are of major interest.

30% Full Load Torque

fvreed Switching

Squirrel-Cage

!l
g
= ]
§
2
bad
el
piny

Squirrel~Cage
“(orrect .'ﬁ:ﬁr’rhf}@

o Pomt A= "

Fia. 2,783.—Starting current with torque equal to 329, full load—switching from “start’ to “run” correctly timed.
Fira. 2,784 . —Starting current with torque equal to 30% full load—switching from “start’’ to ‘‘run’’ incorrectly timed.
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1. Note the sudden drop of current to zero at the moment of switching.
This occurs in all squirrel cage motors, and is followed by a sudden current
peak the extent of which depends entirely on the speed of the armatureat the
time the compensator handle is thrown. With the starterless, no sudden
break can occur.

2. Note that the time of correct switching for the 309, full load torque
is later than for idling torque, since it takes more time for the loaded rotor
to come up tospeed. Thus the moment when the operator should make the
shift from starting to running conditions varies with the make of the motor,
with the compensator taps used, with the load torque and the load inertia.
He can only make a guess as to the right moment. The starterless switching
automatically occurs at the right rotor speed, hence dangerous current
peaks can never occur.

3. At point A, is shown a sudden high current peak, even when the
switching is correct. Its cause is as follows: When the compensator handle
is shifted from starting to running position, the stator current drops to zero
but the rotor is still rapidly rotating and its circuit is not broken, so that a
large current still continues in it, and induces a voltage in the field. When
now the compensator running contacts are closed, the line voltage may be
applied at just the instant of maximum voltage induced by the rotor. If
this occur, a very heavy current inrush will take place which will result in
flickering of lamps and severe strains in the motor. With the starterless
motor this current inrush cannot occur because all the switching is done in
the rotor circuit, not the line circuit.

4. Note that all the above oscillograms are {or much less than full load
torque. It is not unusual to find a frictional starting torque in practice
amounting to as much as double full load torque. If such a torque were here
used with incorrect switching, the resultant current peak would reach many
times the full load current.

The following comments on figs. 2,785 and 2,786 are of
major interest:

1. Note that the time of switching occurs later 1or the high torque—this
is because it takes longer for the loaded motor to reach the correct switching
speed, which is 709, of synchronous speed. The human tendency with the
squirrel cage is to throw the compensator switch after the habit formed time

NOTE.—The oscillograms figs. 2,781 to 2,786 are here shown by courtesy of Wagner
Electric Corporation who make internal resistance or so-called “Starterless Pow-R-full” motors.
In the above text, the claims as to performance of the Wagner motor, are those made by the

manufacturer. . -
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interval has elapsed. This often means
that the switch is thrown with the arma-
ture at too low speed, The governing
mechanism of an internal resistancemotor
short circuits and thereby throws into
action the low resistance running cir-
cuit when the armature reaches 70% of
synchronous speed. This it does, auto-
matically, independently of human falli-
bility.

2. No oscillograms of incorrect switch-
ing could be taken, since it is impossible
to start this motor incorrectly. The
switching is done by a governor inside the
rotor.

i
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Advantages of Internal Resist-
ance Motors.—There are several
advantages gained by the use of
this type motor for installation
where the motor is adapted to the
service requircments as here enu-
merated.

g

1. Minimum Voltage Fluctuations.
—During starting, the internal resistance
motor has a higher power factor than the
squirrel caze, so that it draws a smaller
current from the line, for a given starting
torque, and therefore causes smaller volt-
age fluctuations.

2. Remote Contrelis very simple asa
starter is required it is connected directly
across the line.

3. High Starting Torque of twice
the full load torque. This sustained high
torque during the starting period brings
the motor up to speed so quickiy that the
starting curreats have no timetocause
serious heating. The starting torque can

] A ufa’maf

§

!’."(’n's-’fprjfnfn?d

Fi6. 2,783.~Starting current with motor icle.
Fi1a. 2,785.—Starting current with full load torque.
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be so high as to cause a sudden kick and belt burning or breakage and in
this connection experience has taught that the torque should be limited
to twice the full load value. This is the maximum safe torque for most
applications.

4. Predetermined Starting Characteristics which give

a. Automatic limitation of the current to safe values.
4. Smooth quick aceeleration without appreciable line surges.
¢. Independence of human carclessness in starting.

5. Freedom from expensive control apparatus.

6. High Efficiency comparable with the best slip ring and squirrel cage
types.

TEST QUESTIONS

1. What type of induction motor is most generally used?

2. What difficulties are experienced in starting squirrel
cage motors?

3. What is the disadvantage of using a high resistance
armature in a general purpose motor?

4. Describe the development of internal starting devices.

5. Who introduced the automatic centrifugal governor
to shift from starting to running connections?

6. What is an internal resistance induction motor?

7. Name two general classes "of internal resistance

motors.

8. What difficulties were experienced with grids?

9. Describe the operation of a motor haning a high re-
sistance squirrel cage and a low resistance lap
winding.

10.  What is the object of using a high resistance sguirrel
cage?
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]

11. Describe the mechanism of a multi-contact auto-

] matic short circuiting switch.

'. 12. Describe the operation of a motor having a high re-
sistance squirrel cage and a low resistance phase
winding.

' 13.  What name is given to the type ntotor having a high
reactance winding?
14. What is the chief feature of the double squirrel cage
motor?
15. What is the object of a double squirrel cage?

‘ 16.  Upon what does the operation of a double squirrel

cage depend?
17. Describe a double squirrel cage motor with choker.
18.  Upon what principle does the operation of a double
o squirrel cage choker depend? _
' '19.  State the characteristics of a double squirrel cage.
' 20. Give comparison of high slip and high torque motors.
21. State the effect of changes in voltage and frequency
for induction motor operation.
22. For what size motors is the internal resistance method
suited?
23. What is the objection to large internal resistance
motors

: 24. On what class of circuit are internal resistance mo-
tors desirable?

25. State four advantages of internal resistance motors.
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CHAPTER 58

External Resistance or Slip
Ring Induction Motors

There are three general types of commercial polyphase i:duc-
tion motors in use today.

1. Squirrel cage.
2. Internal resistance.
3. External resistance.

The external resistance induction motor variously called, siip
1ing, wound rolor or phase wound, is hereafter spoken of as slip

TFigs. 2,787 and 2,788, —General Electric slip ring motor construction 1. Partially wound
fields showing exposed laminations, oiled paper and linen slot insulation, form wound coils
wrapped with “‘assembly” or (sacrifice} tape which atfords protection while installing, and a
perfect it in the slots.
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7ing motor to avoid confusion with the internal resistance
motor.

By definition, a slip ring motor is an induction motor which has
a polyphase winding similar to that of the stator, Lhe rotor windings
being connected at one end and brought out to a variable external
resistance through slip rings.
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Fr16. 2,791.- -Speed Lorque curves for Wagner slip ring motors with armature short circuited
{inherent speed torque) and with resistance inserted to give maximum torque at stundstill.
Wagner slip ring motors for continuous duty are designed for a maximum torque of approx-
imately 250% full load torque. In other words this type of motor, when subjected (o an
extreme overload, will exert a momentary torque cqual o 2509 of full load torque hefore
pulling out of step. The upper curve shows the speed torgue performance of this motor when
operated with the armature short circuited. This curve is called the inherent speedl torque
curve of the motor in that it shows the performance of the motor with all external resistance
short circuited. It will be noticed that the motor develops 175% of full load torque at
standgtill and that the torque slowly increases in value to 2509 at approximately 68¢<, of
synchronous speed. The torque then begins to decrease slowly as the motor approaches full
speed. At fullload the motor develops normal of 100 % torque and operates at approximately
95% of synchronous speed. On other than-raled load the motor will operate at the speed
shown on the curve for the corresponding torque requirement. At 2509 of full load torque
the motor becomes unstable and will *pull out’ as shown by the lower part of the curve which
brings the motor to rest. The curve marked “starting at maximum torque’ shows the speed
torque relations during starting when the resistance inserted and retained in the armature
circuit is of such value as to give maximum torque at a standstill. With this same amount of
resistance kept in the armature circuit while the motor is operating this curve also shows how
the speed of the motor will vary wilh the torque required by its load.

NOTE.—The commonly used terms icownd rotor and frhase wound, for an external resistance
motor are ridiculous because they o not fully classi ly. For instance, the terms are commonly
though questionably applied Lo futernal resistance motors such as shown in Chap. 57. and
external resistance motors such as shown in this chapter. The term slip ring fully defines the
motor as 1o type and leaves nothing to the imaginration.
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Fic. 2,792.—Speed torque curves of Wagner slip ring motor equipped with starter having eight
steps of resistance. The resistance in the armature circuit is contained in a motor controller .
Assuming that the motor load requires a little over full load torque to start, it will be noticed
that with the controller handle on the first step of resistance, only 759% of fullload torque is de-
veloped—not sufficient to start the motor. Mloving the handle to the second step cuts out a
section of resistance and causes the motor to develop 118% of full load torque. The motor

_will start and the speed increases to 209% of synchronous speed. The speed remains at this
value uniil the controllér handle is moved to the third step, which cuts out another section of*
the starting resistance. The motor speed then increases in accordance with the third curve
from the left until 509 of synchronous speed is reached. Moving the controller handle so as
o cut out more resistance causes the motor to build up to 68 of synchronous speed, and so
on, until full load speed, which in this case is 95 of synchronous speed, is attained.

T O ) Y O I

MACHINE TYPE BPEED CONTROLLER
£100 | el ]|
5 NN - N """"'-?-'-..._
§80 LIS = e
M EA RN s SRS SRy
g \ N N gl T LA
S0 8| N LA
3 \_ N B W ¢
£ 00 RN N LA TN
« N\ NATTIN T LA AV

[\ [T TN VT NT A

96 50 75 100 125 160 176 200 229 250

PER CENT FULL LOAD TORQUE

F16. 2,793.—Speed torque curves of Wagner slip ring motor equipped with machine type speed
controller having eight steps of resistance. The diagram shows the speed torque curves of a
slip ring motor used with a machine type controller. 1( the machine driven require full load
torque at all speeds, the intersections of the speed torque curves with the 100% torque line,
Show the motor speeds with the controller handle on the various steps. If the motor loac
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Ques. How is
"™ the armature
| winding connect-
ed?

Ans. It is con-
nectedinY group-
ing and the free
{ ends connected
w0 the slip rings,
leads going from
the brushes to
“he variable ex-
ternal resist-
ances, these being
illustrated in fig.
2,795.

Fic. 2,794 — W estighouse slip ring motor conscruction. Cul away view showing con-
struction.

NOTE.—S!lip rin7 motor armature winding.—Usually there are three phase windings,
irrespective ol the numer o paases of the fiell. The polypnase ar.nature winaing creates
a uniformly revolving 1ell. It is then possible to use aay nam e¢r of phases Cesired in the
field just as the ro:atirz fell alternator may bz conne:te | for any rim er of phases. How-
ever, the windings o1 t..2 armature must be groupe | to pro uce poles correspon-ing in num-
ber ani location to tae ;ves of the field. In the sjuircel cage win .ing tuais e..ect is obtained
automatically alt..oug: the armature winding is not arrangel wity Ce.nite pole grouping.
It has been fount taut t .: c.aracteristics of the slip ring motor are inpro.el by increasing
the number of phases i1 t . armature winding. The s .uirrel cage winding is, in effect, a
multi-phase win ing. Three phase windings are use ] for sliy ring motors Lecause they re-
quire but three collector rings. Single phase windings would re quire t..n r.ngs ouly but would
afford much poorer jeriormance. An increase above three } hases is rot justil.e | as the im-
provement i3 insu fizieat to o fset the adde ] complexity of motor, control ani wiring. The
star connection is use ! e «clusively for armature windings as it yields the highest armature
voltage for a given number of armature inductors and adapts itself readily to the insertion
of external resistors in the armature circuits.

Fia. 2,793.—Text Continued.
vary, the motor spee | will follow tlie speed line corresponding to the setting of the controller
handle. For example, if the torque required be reduce-l froin 100 to 509 of full load torque
while the controller han le is on the third step, the spee | will increase from 48 to 759 of
synchronous sneed. If it Le cesired to retain the same spee | at whicn the motor was oper-
ating when delivering full torque, the controller handle shoull be moved to the second
step. causing the motor speed to drop to 509 of synchronous seed.
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~ Comparison of Types.—The squirrel cage motor is the one in
most general use. It is simplest in construction, the most reli-
able in operation and the easiest to maintain. Fer constant
speed service where the starting duty is light and infrequent,
this type of motor is eminently well adapted. However, certain
classes of sérvice require a higher starting torque than is obtain-
able with a squirrel cage motor and central stations frequently
insist upon a definite limitation of motor starting currents. To
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Fic. 2,795.—External resistance or slip ring induction motor connections. The squirrel
cage armature winding is not short circuited by copper end rings, but connected in Y group-
ing and the three [ree ends connected to three slip rings, Jea‘ls going irom the brushes to
three external resistances, arranged as a triplexrheastat hav.ng three arms rigidly connected
as shown, so that the three resistances may be varied simultaneously and in equal amounts.

meet these conditions the internal resistance motor described in
the preceding chapter was developed.

In addition to meeting conditions just mentioned, the slip
ring motor is the only industrial type of polyphase motor
adapled lo variable speed service. Wide variations of speed may
be obtained without complicated arrangem.ents.

Starting and speed variation alike are accomplished by means of a con-
troller connected to the slip rings of the motor. This controller consists of
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an adjustable resistor .  With all resistance out of the circuit, that is with the
armature short circuited, the motor runs at full speed. Starters and con-
trollers are similar in construction differing only in the rating of the resistors
used and in minor details of construction.

Fres. 2,796 and 2,797 —General Electric 8lip ring motor construction 2. Field windings
being connected. Views show partially closed slots, heavy fibre and hard wood wedges, end
shields, etc.

Fias. 2,798 and 2,799.—Gencral Electric slip ring motor construction 3. Completed
rields showing systematic arrangement of connections to fiwilitate reconnecting. compcund
insulation, batlets for leads. etc.
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F16. 2,800.—General Electric slip ring motor construastion 4, Armature ready for winding
showing heavy end flanges secured by through bolts:ayd emd fingers.

F16. 2,801.—General Electric slip ring motor construction 5. Partially wound armature.
Insulated copper bars are inserter in insulated slots and are supported at ends hy wide
insulated flanges.
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A squirrel cage motor of well balanced design will develgp at starting
on full voltage 125 to 1509 of full load torque and will draw 375 to 4509,
of full load current.

An internal resistance motor of good design will develop from 180 to
2259, of full load torque with a starting current of 225%, of full load current.
These starting currents are 759, of the “locked’” currents.

With a slip ring motor the starting torque and the starting current are
under the control of the operator and may be varied at his will. The slip
ring motor accordingly permits the heaviest loads to be started slowly and
smoothly with no objectionable line disturbances.

Fics. 2,803 and 2,804.—General Electric slip ring motor construction 7. End shields
Shields interchangeable, end for end. Rabbet fits prevent misplaceme_nt. Plenty_oi hea.V\, ]
cap screws hold shields firmly to field frame. Fig. 2,803, collector ring end shield wit1
brush rigging assembly; fig. 2,804, pulley cnd shield, 0

{
Construction of Slip Ring Motors.—The following repre-
senting the practice of one manufacturer is typical of approved

methods in the construction of motors of this type.

The armature windings are composed of coils having severa! turns which
are grouped into polyphase systems. These coils are connected together at one
end. Each phase group of coils is made of one continuous copper bar,
reducing the end connections to a minimum and consequently the number of
soldered joints, thereby eliminating the human element as much as prac-
ticable in the manufacture of the windings, The phase groups are insulated
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F16. 2,805.—Allis Chalmers type ARY external resistance or slip ring motor. This type
motor is adapted to keep the starting current within limits, or where a large starting torque
is required, the slip ring or wound rotor type is used. This type requires a smaller current
to develop a given starting torque, and is therefore used where frequent starting is necessary.

Fic. 2,806.—Brush holder of Allis
Chalmers type ARY external resist-
ance or slip ring motor, It is of the
double holder type cast in one piece
of bronze metal. One holder (with
two brushes) per ring is used on
small ratings and two holders (four
brushes) on larger ratings. The
boxes areradial to the slip rings, and
adjustment of the angle of contact
as the brush wears, is unnecessary.
The pressure arms are of heavy, cop-
per plated, clock spring steel, mount-
ed face to face, which equalizes the
stresses set up in the hrush holder
stud. Adjustment of tension is
made by means of the tension ad-

justing arm, which also acts as a retaining pin for the studs on which the pressure arms

are mounted. By removing this tension adjusting arm, the entire pressure arm assembly
can be readily removed. Current is carried by the brush pig tails from the brush to a lug
bolted to the holder. Separate terminal lugs are provided for the secondary leads.
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from each other. When the winding is completed, the slots are closed with
treated hardwood wedges, which, with the banding wires over the coil
extensions, hold the coils securely in position. The armature is baked to expel
all moisture, and the winding is completely saturated with hot insulating
compound which makes it practically impervious to moisture and other
deteriorating elements.

[/ T "l'.'?}r'[

s

Fi1G. 2,807.—Sleeve bearing of Allis Chalmers squirrel cage and slip ring metors. In con-’
struction, the bearings are of the ring oiling type and in the small motors have aluminum
bronze bushings. The bushings of the larger machines are of cast iron, babbitt lined. Each
bearing is protected against the entrance of dust or dirt. Screwed down steel plates for
inspection of the oil rings, oil overflows with hinged caps for filling and pipe plugs for draine'
ing the oil wells are part of the regular equipment furnished. Suitable slingers are also
provided to prevent oil being drawn from the bearings and thrown into the motor. Where
motors are intended for gearing or coupling, split bearings and split end brackets or hous-
ings are recommended and can be furnished for all motors above 5 k.p.

Starting Devices for Slip Ring Induction Motors.—Auto-
matic starters are commonly used for the smaller sizes of slip
ring motors. They consist of primary and secondary con-
tactors or magnetic switches mounted on a slate panel with
starting resistors, all being enclosed in a steel cabinet. With
this type starter, operation is controlled by “start” and “stop”
push buttons.
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Pushing the “'start” button closes the primary contactor and applies full
voltage to the field windings with sufficient resistance in the secondary or

armature circuit to limit the starting current to 150 or 2009, of normal full
load current.

Fies. 2,808 and 2,809.—Continuous windings of taped copper ribbon as used on Fairbanks.
Morse slip ring molors. The conlinuous winding has for its object the elimination of 2
multiplicity of soldered connectlions.

F16. 2,810.—Armature construction of Wagner 300 4.p. slip ring motor,
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A time limit relay controls the operation of the secondary contactor, and
after a short interval closes it and cuts out the resistance in the armature

circuit. Pushing the “stop’” button opens both contactors and stops the
motor.

The drum type starters have the switching device mounted in
a vertical position, and the operating handle has a rotary
horizontal motion. A star wheel is mounted on the shaft so that
=ach step can be felt by the operator. The resistance is placed in

F16. 2,811.—General Electric slip ring motor with switch and push button in primary and
rheostat in the secondary.
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a separate frame which may be placed at some distance from the
drum convenient to the installation.

Slip ring motors require a primary switch to control the cur-
rent supply to the field winding in addition to the control for
the armature circuit. This may be a magnetic contactor or
primary oil switch interlocked with the drum controller.

Fre. 2,812,—Allis-Chalmers slip ring motor with drum starter and primary oil switch, A me-
chanical interlock is sometimes provided between the drum starter and the primary oil
switch to prevent closing of the primary oil switch when the secondary resistance is not in
the circuit,

Speed Reguiating Devices for Slip Ring Induction Motors.—
Speed regulators are usually designed to give 509, reduction
from normal speed, and consist of a resistance unit designed for
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continuous service together
with a switching device for
varying the amount of re-
sistance in the armature
circuit.

Speed regulators must be
: selected with particular ref-
erence to the kind of service
for which they are to be
| used. They may be divided
N into two classes, as,

1. Those for use where

_ the torque varies with the

= speed at which the machine
: JV operates.

' 3 2. ’I‘ho§e‘fc'>r'use -where

[ | 33 the torque is approximately

S the same at all speeds.

> h Manually operated speed

cel | SPHE regulators are classified in
: two types.

1. Face platé;

{i 2. Drum.

Fic. 2,813.~--Allis Chalmers vertical slip ring motor. It is provided with ball bearings
having a combined radial and thrust bearing at the top and a radial bearing at the bottom.
This arrangement is used for motors where the shaft extends downward. [If the shaft ex-
tension be upward, the thrust is taken at the bottom of the machine. A sleeve is fastened
in the bottom of each bearing and extends upward considerably above the level of the oil.
‘The bearing is mounted on another sleeve fastened to the shaft, this fastening being above
the stationary sleeve. The construction is such as causes circulation of the 0il and a con-
tinuous flow thereof to the wearing surface of the bearing at all times. The bearings are
supplied with suitable oil level indicators, and means for readily filling the bearings with
fresh oil.

€ -
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Face plate regﬁ]ators are self-contained and control the secondary circuit
only.

Drum type speed regulators consist of a drum switch with a resistance unit
mounted separately and are designed for continuous service on any point of
the drum switch. These regulators are furnished for either reversing or non-
reversing service, the latter controlling the secondary orarmaturecircuitonly.
The reversing type, in addition to controlling the secandary circuit, is also
equipped with a reversing switch for the primary circuit, this switch being
mounted on the control shaft and being operated directly by the control
handle. This permits a reversal of the same direction of the motor and per-
mits speed control in either direction.

Fi16. 2,814, —Allis Chalmers slip ring armature as used on extermal resistance or slip ring
motors. The armature is of the phase wound type having the terminals brought out to
three slip rings.

Controllers for intermittent service motors are made either
for reversing or non-reversing duty as required; the drum switch
and the resistance units are designed only for intermittent
service and give 509, speed reduction with one-half full load
torque.

Controllers for mine and other service often require special
graduations of resistance steps, depending upon the results ta



X

External Resistance Motors 1,913

be obtained. These controllers are also similar in appearance to
the drum type starters. It should be remembered in applying
slip ring induction motors and in selecting control equipment
for them that they are adjustable varying speed machines. This

> means that the speed of the motor may be varied, but that when
suce set will not remain constant if the load change.

Fre. 2.815.—Sectional view of Wagner internal resistance motor showing directed diraught
ventilation.

Pole Changing Induction Motor.—The field winding of an
induction motor is grouped so as to produce an even num-
ber of poles, which number remains fixed in the ordinary type
of this motor. The speed depends on this number of poles and
on the frequency, the rated no load speed (in revolutions per
second), being equal to the frequency (in cycles per second)
divided by the number of pairs of poles.

From this rule it is evident that if the number of poles could be doubled

the speed would be reduced one half. This is done in what is cailed the
“pole changing” or “polar wound” induction motor.

Taps are brought out from the winding to a double throw switch.
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Practical difficulties limit the attainable eflicient speeds to two, usually
in the ratio of one to two. This limitation and the increased cost of build-
ing the motor restrict its use. A squirrel cage armature is often used.

In the polyphase motor, shown in fig. 2,816, which is specially
designed for oil well pumping and pulling, a slip ring armature
with external resistance is used.

A pole changing switch permits two preferred running speeds, one
double the other. The armature resistances are used both for starting
and for obtaining additional running speeds ranging from each synchronous

Fie. 2,816.—Fairbanks-Morse type OW ball bearing, three phase, pole changing, slip ring
induction, oil well motor arrange ! to give two synchronous speeds by means of a pole chang-
ing switch and speeds below these by inserting resistances in the armature circuit.

speed to one half of this. Thus on one size of these motors a full range
of speeds from 3C0 to 1,200 revolutions per minute can be obtained.

The Heyland Diagram.—By aid of this diagram it is pos-
sible to calculate horse power output, kve input, amperes per
terminal, per cent power factor for different loads, per cent
inrush at starting under full voltage, per cent torque at start-
ing, maximum or pull out torque, per cent slip of motor at

P
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different loads and actual 7.p.m. of motor at different loads.
All of this data may be obtained from the diagram, after ob-
taining from test under no load conditions, and with the arma-
ture blocked, the volts, amperes and kw input to the motor.

F1G. 2,817.—Heyland diagram [or calculating horse power output, Aee input, amperes per ter-
minal, per cent power factor for different loads, per cent inrush at starting under full volt-
age, per cent torque at starting, maximum or pull out torque, per cenmt slip of motor at
different loads, and actual r.pon. of motor at different loads.
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The following example indicates plainly just how the data is
obtatned.

Example.—Inatestofa’ l}.p. 220 volt, 3 phase, 60 cycle,.1,200 s.r.p.m.
slip ring motor, 17 amperes per terminal, the hoload and blocked armature
tests gave the following results:

T

NO LOAD BLOCKED ARMATURE

Volts | Amperes | Kva \ Kw. | P.i. | Volts | Amperes | Kva. | Kw. | P.f.

Test..... 230 12 4.770’.550 11.5 1 114.3 35.5 |7.020 |3.980]| 56.7
Ratioed. .| 220 11.5 |4.370 ... | 220, 68.3 |26.000

With scale of 250 ra to one division, 4.370 kva =17.5 div.

Resistance betw;en tEMIMSXB= 97 =total resistance of armature, hot. .

Short circuited full voltage blocked 12R =68.32% .97 =4,520 va=18.1
divisions.

Full load of 5 h.p. X746 =3,730 va =14.9 divisions.

With O, as center, and a radius of 100 divisions, strike arc AB, which
is the power factor arc. Draw OC, through 11.5 power factor and lay
off OF, equal to 17.5 divisions (no load condition).

Draw OD, through 56.7 power factor and lay off OE, equal to 104
divisions. (Full voltage blocked armature condition.)

Through F and E, draw arc FKEG, with center at H. This is input
arc of motor. Connect E and G, draw JG, perpendicular to EG.

With center at J, draw arc through F and G. This is output arc of
motor.

Lay off ST, equal to full load, which equals 14.9 divisions. Draw GT,
through to K. OK, equals kva, input full load, from which full load am-
peres is calculated to equal 17.8 amperes. (OK, equals 27.2 divisions,
muitiplied by scale of 250, equals kra; this, divided by 220 volts and
1.73 for three phase, equals 17.8 amperes.) OK, extended to L, gives
a power factor of 689, for full load.

Draw EP, equal to 18.1 divisions, as per second paragraph above, and
PQ, perpendicular to intersection of EG.
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With scale of 250 va, to one division, 26 kva =104 div. With center I,
on HJ, draw arc FQG This is synchronous torque arc.

Extend GE, toM, the latter bemg 100 divisions above line FG. Draw Ml\
perpendicular to IGXY, then in divisions is per cent slip; in this case
9.29, Then r.p.m. is 90.89%, of synchronous 7.p.m: or 1,090 r.p .m.

Per cent inrush equals
]

OE I 104
OK or substituting = 575

which is 3839, of full load; with power factor read at D, as 56.7%. Maxi-
mum, or pull out torque equals

L77,
—Ww = i
i T S hlch 50!' 300 /b Of f\.lll ad
TS = —-—15 or 2639, which is per cent starting torque of full load wh:n

armature rings are short circuited, in the case of a slip ring motor FK, is sec-

ondary amperes. '—I‘K—g = per cent efficiency.

synchronous k.p.X33,000
2 x Xsynchronous r.p.m.

= torque in pounds at 1 foot .adius.

TEST QUESTIONS

1. What are the three general types of commercial poly-
phase induction motors in use today?

2. What other names are given to the external resistance
motor?

3. Give definition of a slip ring motor.

4. How is the armature winding of a slip ring moter
connected?

N
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3 ON i

10.
11.
12.

13.
14.
-13.

What type of motor is in most general use?
Why is the squirrel cage motor generally used?

What type motor was introduced to overcome the
shortcomings of the squirrel cage motor?

For what service is the internal resistance motor un-
suited?

For what particular service is a slip ring motor es-
pecially adapted?

Compare fully the three types of induction motors.
Describe the construction of slip ring motors.

What kind cf starting devices are used for slip ring
motors? )

Describe the switch and push button type starter.
Describe the drum type starter.

What is the construction of speed regulating devices
for slip ring motors?
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CHAPTER 59

Single Phase Induction
Motors

The general utility of single phase induction motors,
particularly the smaller sizes, is constantly being enlarged
by the growing p-actice of central stations generating poly-
phase current, of supplying their lighting service through
single phase distribution, and permitting the use of single
phase motors of moderate capacity on the lighting c'rcuit.

The simplicity of single phase systems in comparison with
polyphase systems, makes them more desirable for small alter-
nating current plants.

Small single phase motors are manufzctured in great num-
bers, a large percentage of these motors being used to operate
hcusehold appliances, such as washing machines, ironers,
pumps, water systems, refrigerators, oil burners, utility motors,
etc. Two fairly new developments which use a large number
of motors are domestic electric refrigerators and demestic oil
burners.

The single phase induction motor has no inherent starting
iorque.

A polyphase motor connected to a source of polyphase power has a so-

called rotating magnetic field, and starting torque is produced due to the
tendency of the armature (o follow the magnetic field.

The starting torque of the polyphase motor may be increased to a
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certain amount by inserting resistance in its armature circuit, but no amount
of resistance inserted in the armature circuit of a single phase induction
motor can give it any starting torque.

The single phase motor, with its armature at standstill, has
only a reciprocating field and there is no tendency for the ar-
mature to turn.

For a motor to produce torque, the axis of the magnetic field, due to
the armature current, must not be in space phase with the axis of the air

Fics. 2,818 and 2,819.—Diagrams illustrating a single phase or reciprocating field. A motor
is not self starting with a reciprocating field because the magnetization alternates in re-
versed directions.

gap flux. In the single phase motor the axis of the armature field, with
the armature at standstill, is in space phase with the air gap flux and the
torque is, therefore, zero. The motor must be started by some auxiliary

means.

Varicus internal means of starting single phase induction
motors and bringing this type up to speed have been devised,




Split Phase Motors 1,921

all of which are based on “splitting the phase.” This consists
in producing temporarily a substitute for a two phase current so
as 1o obtain a make shift or bastard rotating field in starling by
“docloring”’ the single phase.

When the moter has come to speed, the makeshift second
phase is cut out and the motor then runs on the single phase
or true phase delivered by the external circuit.

R 3}

NON-INDUCTIVE
o— RESISTANCE

uuuuY

AAARALARA|
n—

ARMAAAAR
VYYTVVYVY

¥iGs. 2,820 to 2,823.—Four ways in which the phase can be split for startingsplit phase mo-
tors. Fig. 2,820, non-inductive shunt resistance; fig. 2,821, shunt condenser; fig. 2,822,
series condenser; {ig. 2,823, series condenser with transformer.

Since the torque for starting motors of this type is obtained by splitting
the phase, they are generally known as split phase motors.

Phase Splitting.—There are several methods of splitting the

NOTE.—A single phase motor may also be started 1, manwally, as by giving it a very rapid
twist by hand, or 2, mechanicaily, as by aid of an auxiliary motor or other external starter.
Accordingly: 1, starting by hand is not practical and 2, starting mechanica!ly involves un-
necessary complications; expense and space.
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phase to start single phase motors, as by providing in additicn
to the main single phase or running winding

1. A starting winding, or
2. Shading coils. ‘ o
Practically all small single phase induction motors are started
by means of a split phase starting wmdmg
The starting winding is placed in slots at 90 electrical degrees from the
main winding. Split phase means that the main winding and the starting
winding are so proportioned that their respective currents are oul of phase.

the object being to produce a so called rotating field similar to that in a
polyphase motor, as shown in figs. 2.824 to 2,843.

MOTOR FIELD WINDINGS
AUXILIARY  COILS

'

RESISTANCE OR
. CONDENSER

MAIN COILS

ALTERNATOR

Fic. 2,844.—Simplified diagram showing the principle of phase splitting for starting single
phase induction motors. By the use of an auxiliary set of coils connected in parallel with
the main coils and having in series a resistance or condenser as shown, the single phase
current delivered by the alternator is “split” into two phases, which are employed to pro-
duce a rotating field on which the motor is started.

In order to keep the copper loss in the main winding low,
the largest possible wire should be used in this winding. The
remaining slot space available for the starting winding is,
therefore, limited.

The starting winding usually consists of a relatively small’
number of turns of fine wire. This gives a high resistance and
low reactance and the current is nearly in phase with the ap-
plied voltage.
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In the ordinary split phase motor, the current in the starting winding
is usually 25° to 30° ahead of the current in the main winding. This time
phase difference in the currents, combined with the 90° difference in
space phase, gives a so called elliptical magnetic field which would be a
rotating magnetic field if the fields set up by the two windings were 90°
apart in time and of the same strength. -

CONDENSER ( C‘..:*
| =
I I MAIN SWITCH

e The phase difference

MAIN fes between the currents in

W'ND\'N\%;\; 5  the two windings can be

< ! e increased by the inser-

tion in the starting
winding circuit of
1. Capacity, or
2. Inductance.

| PHASE
WINDING

7 _ '

pos /ﬂ/ -

Fi, 2.845.—Flementary split phase induction motor with cut out switck for application
requiring only low starting torque the phase splitting (starting) winding being propor-
tioned to stand the line voltage continuously. Phase difference is here obtained by the
use of a condenser. The application of this type is limited. Where the phase coils are to
remain in circuit during the running period as above, they should be placed physically in
phase relation with the current traversing them, because: All motors, in operation, gen-
erate a reverse pressure. This reverse pressure will be in phase with the actual physical
phase position of the coils on the motor, that is, if the phase coils be placed say at 90° from
the running coils, the reverse pressure will be at 90°. Now, if the phase coils be placed at
90° (as in fig. 2,848) and they be fed with a current that is displaced say 60°, there wilt
be a phase displacement of the remaining 30° between the coils and the actuating voltage.
In other words the reverse voltage and the line voltage will be 30° out of phase with each
other, resulting in a heavy so called idle current flowing which according to P. E. Chap-
man, will promptly heat up the pbase coils, throw a load on the rotor and slow it down
just as a load on its pulley would, and making trouble in general. Hence, the- phase coils
should be place 10 correspon | with the phase of the current then traversing them.
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STARTING POSITION

MAIN
CHOKE COML WiNDINS

STARTING

WINDING
/

CONTACT PLATE
{TURNS WITH SHAFT)

= SQUIRREL CAGE

COMPRESSIDN
SPRING - — S h
CONTACTS
(STATIONARY)
STARTING
WINDING

RUNNING POSITION

—{ 000000

CENTRIFUGAL
FomRCE ™

F1es. 2,846 and 2,847.—Elementary split phase induction motor with cut out switch. Fig.
2,846, cut out switch closed at start; starting winding in circuit; fig. 2,847, motor speeded
up to point where centrifugal force acting on governor weights has overcome the tension
of sprng and opened switch cutting out starting winding.
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If only low starting torque and pull up torque be required, the starting
winding can be so designed that it will stand line voltage continuously,
and both main and starting windings may be connected to the line during
the period of operation of the motor, as shown in fig. 2,845,

To obtain sufficient starting torque and pull up torque requires high
current density in the starting winding, and some means must be provided ,
for opening the starting winding circuit when the motor has reached a
speed at which the torque, due to the main field, is sufficient to bring the
load up to speed.

|

MAIN SWITCH

CHOKE CoOiL

STARTING
SWITCH
|

IND!ICTANCE)

MAIN
WINDING
-

STARTING
[~ PHASE
WINDING

F1e. 2,848.—Elementary split phase induction motor with choke co'l method of increasing
the phase diflerence Letween tl.e current in the starting and running windings. L.ere a
hand operated switch for cutting out the starting winding is shown in place of an automatic
cut out switch. Note: In motors having phase co.ls in circuit only during the starting
period, they are placed at 90° with the running coils of main windir.g because with this dis-
placement a Letter starting torque is secured, and since the phase coi's are cut out at about
3{ speed, the reverse pressure (increasing from zero curing acceleration) ¢'oes not result in
sufficient “idle current’’ as to cause undue heating. In practice the starting switch is auto-
maticaliy operated as elsewhere explained.

NOTE.—For simplicity concentrated coils are shown in the diagrams, however, in practice
distributed coiis are used.
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Since the motor must reach a certain speed before its main winding de-
velops sufficient torque, the logical way to open the starting winding is
by means of a centrifugally operated cut out switch as shown in figs.
2,846 and 2,847.

The starting torque of a split phase motor is usually from one and one-
half to two times full load torque, while the starting cutrent is considerably
greater than the full load current.

Another method of starting small split phase motors which
gives low starting torque is by means of a shading coil.

The usual construction of a shading coil motor is to surround part of
each field pole with a strap of copper which is a closed loop as shown in
fig. 2,852. This means that the flux which threads the shading coil lags
in time phase behind the flux in the unshaded part of the pole and the

F1:. 2,849.—Century split phase induction motor
governor weights which operate cut out sv;ich.

Y Fia. 2.850.—Century split phase induction movor
cut out switch. It is adjusted for a predeter- *
mined speed. The governor fig. 2.849 which
acluates the cut out ig positive in action and
opens the starting or phase coil circuit with a
rapid break of silver contacts



- — - ——r

Split Phase Motors 1,929

WIPING AUXILIARY e LEVER STOP
LEVER-ALWAYS A o - AND GUIDE
CLEAN CONTACT ¢

¥52 MICA BARRIER

MAIN CONTACT
LEVER

STATIONARY

CONTACT t-PIECE

/3" HARD

COUNTER BALANCE

AND SPRINC PRAWNIBRASS
SUPPORT

FLAT SPRING
SECURELY SET
NOTE-NO SCREWS
o USED-RIVETED
THROUGHOUT

Fis. 2,851.—Janette split phase incuction motor cut out switch for making and breaking
the starting circuit.  There is an auxiliary contact which gives a wiping effect both in
opening and closing the switch. Obviously the contact points are always clean.

MAIN COILS

.

SHADING COILS

—

S|

Fic. 2,852.—Single phase fan motor with shading coils for starting. In addition to the main
field coils, one tip of each pole picce is surrounded by a short circuited coil of wire or frame
of copper, as indicated in the figure. This coil, or copper frame, is called a shading coi?
and it causes a phase difference between the pulsating flux that emanates from the main
portion of each polar projection and the pulsating flux which emanates from the pole tip,
thus introducing an approach to two phase action on the armature.
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F16. 2,853.—Diagram showing action of shading coil in al-
ternating current motor. The extremities of these pole
pieces are divided into twobranches, in one of which a cop-
per ring called a shading coil is placed as shown, while the
other is left unshaded. The action of the shading coil is
as follows: Consider the field poles to be energized by
single phase current and assume the current to he flowing
in a direction to make a north pole at the top. Assume
the poles to ke just at the point of forming. Lines of
force will tend to pass through the shading coil and
the remaincer of the pole. Any change of lines within
the shading coil generates a voltage, which causes to flow
through the coil a current of a value depending on the
vo'ta ¢, and always in a direction to oppose the change
of lines. The field flux is, therefore, partly shifted to the
free portion of the pole, while the accumulation of lines
through the shading coil is retarded .

SHA'DE%/ IR0 T
PORTIO ; ] POLARITY OF
»/ SHADING COIL DUE
¥{ 70 \NDUCED CURRENT

~ OPPOSES FLUX IN SHADED

«PART OF POLE

Fias. 2,854 and 2,855.—Diagrams illustrating why the flux in the shaded portion of the pole
lags behind that in tiie unshaled portion. When the alternating flux passes through the
pole it induces acurreat in t..e shading coil which, according to Lenz' law, tends to oppose
the flux in the shad«d portion which produces it. The result i3 taat the flux in the ‘““‘unshaded’
portion of the pole, attains its maximum sooner than does the flux in the “shaded” portion.
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magnetic field tends to move from the unshaded part of the pole toward
the shaded part of the pole.

The direction of rolation of @ motor with a shading coil cannol be reversed
by any change in the leads, and the motor has the disadvantage that the
shading coil is active when the motor is running at full speed and causes
additional loss.

The starting torque is inherently low, but is sufficient for most fan
motors since the starting torque of a fan motor, under ordinary condi-
tions, need be only great enough to overcome static {riction.

i T —

f1as. 2,856 and 2,857.—Domestic split phase induction motor split phase cut out switch.
Fig. 2,856, stationary part; fig. 2,857, rotating part. It is of tl.e quick acting type. The
stationary part, mounte { on one end bracket, is made of a split Lrass ring assembled onan
insulating ring with clips and screws for attaching the leads from the starting winding.
The rotating part consists of three contact fingers operated by three auxiliary weights, the
entire part interlocking so that the contacts are thrown from the stationary ring simul-
taneously.
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CUT OuT SQUIRREL CAGE
sSwiTcH

\5 )
COMPRESSION ——CENTRIFUGAL GOVERNORS \

SPRING AT START TENSION SPRING L

(STARTING WINDING IN CIRCUIT; CLUTCH GUT)

o ]

ABOUT 34 SPEED

(STARTING WINDING CUT OUT; CLUTCH STILL OUT)

FULL SPEED

{CLuTCH FULLY ENGAGED; ARMATURE CARRYING FULL LOAD)

Fies. 2,879 to 2,881 .—Elementary split phase induction motor with cut out switch and clutch,
showing working of these automatic devices; the windings are not shown. Fig. 2,879 at
start; 2,880, about ¥ speed; fig. 2,881, full speed.



Split Phase Motors 1,935

the inertia of the driven apparatus. In this it is assisted by a
certain amount of slippage in the clutch, which is the case when
the armature speed is pulled down to such a point as to reduce
the grip of the centrifugal clutch.

SL Tt : . i
; e RN PR TORGUE |
Fra. 2,882.—Domestic split phase induction motor speed torque curve. Operation and char-
acteristics. The speed of an induction motor depends upon the numter of poles of the
motor and the frequency of the current upon which it is operate?, This is why only cer-
tain definite speeds are obtainable. The speed changes very slightly from no load to full
load, and een at a heavy overload the speerd reduction is comparatively slight. Since the
speed changes only slightly from no lead to full load the induction type is commonly known
as a constant speerl motor. It is impossible to build a variable speed split phase type motor,
without complicating the construction.

Reversing Split Phase Motors.—A single phase motor will
operate equally well in either direction, and the direction in
which it will start depends upcn the direction in which the
vesultant magnetic field tends to rotate.

If the armature he free to move, it will always rotate in the same direc-
tion as the magnetic field.
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If the motor be connected for one direction of rotation, it may be made
to start in the opposite direction by reversing either winding with respect
to the other winding.

Some Characteristics of Split Phase Motors.—With its ar-
mature at rest, a single phase induction mator is equivalent
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1 2
TORQUE 'IN TERMS OF FULL LOAD

Frg. 2,883.—Speed torque curve of split phase induction motor. The pull up torque is the
greatest load torque the motor will pull through and go on up to speed, that is, it is the
lowest torque point on the motor curve below pull out. In the above curve it coincides
with the starting torque; if the motor had a higher starting torque, as shown dotted, the
pull up torque would be at A; or if the centrifugal switch opened below its hest operating
speed, as shown by the horizontal dotted line, the pull up torque would occur ot B.

to a transformer with large aiv gap with its secondary short
circuited. This acccunts for the high starting current of this
tvpe of motor.

As soon as the secondary begins to turn, a rotational voltage is produced
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in the secondary. The axis of this voltage is at 90° to the axis of the main
field flux. The maximum rotational voltage coincides in time with the
maximum of the main field flux. The reactance for the axis of the rota-
tional voltage is high and the current, therefore, lags nearly 90° behind
the voltage. The quadrature field produced by this current is in space
quadrature and very nearly in time quadrature with the main field. At
speeds close to synchronism, the two fields are very nearly of the same
strength and approximately a uniform so called rotating field results.

The speed torque characteristics of the main and starting

windings combined is shcwn in fig. 2,883.

As will be seen from the curve, the torque increases with the speed until

Fre. 2,884.—Wagner split phase induction motor switch mechanism showing censtruction.

the maximum torque point is reached, thus giving rapid acceleration, and
insuring that the motor will bring up to speed any load it will start.

In a polyphase induction motor, changing the armature resistance does
not change the value of maximum torque but simply changes the speed
at which the maximum torque point occurs.

Adding resistance to the armature of a single phase induc-

tion mector not enly increases its siip, but also decreases its
maximum torque.
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For small changes in voltage the speed is practically inde-
pendent of the voltage.

This means that in cases of low voltage the motor will continue to carry

F1a. 2,885.—Wagner split phase induction motor switch mechanism; side view.

¥16. 2.886.—\Tagner split phase induction motor switch mechanism with plate in exaggerated
position to show construction.

NOTE.—Parts of Wagner split phase induction motor corresponding Lo the reference
letters in the accompanying illustrations. The parts are: A. governor weights; B, governor
weight mounting pins; C, coil springs; D, pivot pins; E, disc collar; F, contact ring; G. bake-
lite disc; H, contact fingers; I, contact stops; J, contact finger mounting; K, terminal mount-
ing; L, terminal studs; M, terminal opening; N. terminal cover plate; O, terminal bushing;
P, dynamically balanced armature; Q, balancing flange; R, fan; S, shaft; T, core: U, frame;
V. end plates; W, wool yarn lubrication: X, base.

NOTE.—Construction and operation of Wagner split phase induction motor, in accom-
panying illustrations. Two stationary contact fingers H, a rotating ring F, and two simple
governor weights A, make up the split phase cut out switch. At normal or starting position,
the contact ring F, is in contact with the two fingers H. This completes the starting circuit.
As the motor gains speed, centrifugal force causes the governor weights A, to swing toward
the armature, overcoming the tension strength of the coil spring C. The movement of the
governor weights is translated to the ring through pivot pins D.
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The normal rating of a single phase motor is usually about
one-half that ¢f a polyphase motor of the same dimensicns.

For the same output as a polyphase motor, the single phase motor re-
quires more iron and thereflore, has more iron loss. In addition the field
winding of a single phase induction motor carries the magnetizing current
for both the main and quadrature fields and this current is about twice
as large as the magnetizing current in one phase of a two phase motor.

The power factor of a single phase motor is less than the
power factor of a polyphase motor cf the same speed and rat-
ing, due tc the fact that the single phase motor has more iron
to be magnetized, and to the fact that the ratio of the mag-
netizing current to the power current in the field of a single
phase motor is greater than the ratio ¢f the same currents in
a polyphase motor.

The efficiency of a single phase motor is lower than that of
a polyphase motor of the same rating, since the losses of a
single phase motor are inherently greater than those of a poly-
phase motor.

Since most of the motors which drive household appliances are operated
from lighting circuits, the high starting current is objectionable, because
any lights being operated from the same circuit will flicker each time a
motor is started. This has caused several of the larger power companies
to make rules to the effect that single phase motors which require more
than 15 amperes starting current may not be operated from their lighting
circuits when the motors drive devices which must be frequently started.

Probably the largest application of the small split phase induction motor
is on washing machines, which are not classed as frequently starting de-
vices. A one fourth h.p. motor is usually used on washing machines.
Other applications are wringers, ironing machines, oil burners, player
pianos, ventilating fans, refrigerators, coffee grinders, meat choppers,
grinders, compressors and general utility motors.
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10.

11.

12.
13.
14.
15.
16.
17.

TEST QUESTIONS

For what services are single phase induction motors
used?

What other name is given lo single phase induction
motors?

_Has a split phase motor any starting torque?

What is the usual method of starting a split phase
motor?

Define the term “splitting the phase.”

Describe the method generally used for “splitting the
phase.”

What is a shading coil?
What is the objection lo the use of shading coils?

What two methods are generally used to increase the
phase difference in splitting the phase?

Describe the induction method and the capacity
method of splitting the phase.

How is the starting winding cut out of circuit when
the motor comes to speed?

Describe a centrifugal cut out switch.

What is a centrifugal clutch used-for?

How are split phase motors reversed?

Give some characteristics of split phase motors.
How does the torque vary with increase of speed?

What is the effect of adding resistance to the arma-
ture of a split phase motor?
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18. How does the normal rating of a split phase motor
compare with that of a polyphase motor?

19. How does a power factor of a single phase motor
compare with that of a polyphase motor?

20. Why is high starting current objectionable specially
in split phase motors?
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CHAPTER 60

Commutator Motors
1. Series and Shunt Motors

By definition a commutator motor is a motor driven by alter-
nating currents, carrying a commutator upon ils armature. There
are numerous types of commutator motors and they may be
classed as

1. Series
@. Single phase
b. Universal
2. Neutralized series
a. Conductively
b. Inductively
3. Shunt
a. Simple
h. Compensated.
4. Repulsion

(sometimes called snductive series)
a. Straight
b. Compensated

5. Repulsion start-induction

a. Brush lifting
b. Short circuiting

6. Repulsion-induction

7. Induction-synchronous
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Of these numerous types some are of importance commercially
and some only of interest theoretically.

In general, commutator motors are similar in construction to
direct current motors in thet they have a closed coil winding
which is connected to a commutator.

Since, as stated. commutator motors are similar to direct current mo-
tors, the question may be asked: Is it possible to run a direct current motor
with alternating current? If the mains leading to a direct current motor
be reversed, the direction of rotation remains the same, because the cur-
rents through both the field magnets and armature are reversed. It must
follow then that an alternating current applied to a direct current motor
would cause rotation of the armature.

In order to understand the working of commutator motors,
first, there should be considered the inductive effects due to op-
eration in an alternating current field as outlined in the explana-
tion following:

Action of Closed Coil Rotating in Alternating Field.—When
a closed coil rotates in an alternating field, there are several
different pressures set up and in order to carefully distinguish
between them, they may be called:

1. The transformer pressure;
2. The generated pressure;
3. The self-induction pressure.

These pressures may be defined as follows:

The transformer pressure is thal pressure induced in the ar-
maiture by the alternating flux from the field magneis.

For instance, assuming in fig. 2,896 the armature to be at rest, as the
alternating current which energizes the magnets rises and falls in value,
the variations of flux which threads through the coils of the ring winding
induce pressure in them in just the same way that pressure is mduced in
the secondary of a transformer.
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A ring winding is used for simplicity; the same conditinns obtain in a

drum winding.
The generated pressure is that pressure induced in the ar-
mature by the culling of the flux when.the armature rolates.
c L .
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F16. 2,896.—Diagram of ring armature in alternating field illustrazing

mutator motors.

The self-induction pressure is thal pressure induced in both

the field and armature by self-induction.
Nature of the Generated Pressure.~In fig. 2,896, the generated
pressure induced by the rotation of the armature is minimum at the neutral
plane C D, and maximum at A B. It tends to cause current to flow up
each half of the armature from D, to C, producing poles at these points.
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Nature of the Transformer Pressure.—This is caused by variations
of the flux passing through each coil of the armature winding. Evidently
this variation is least at the plane A B, because at this point the coils are
inclined very acutely to the flux, and greatest at the plane C D, where the
coils are perpendicular to the flux. Accordingly, the transformer pressure
induced in the armature winding is least at A B and greatest at C D.

The transformer pressure. acts in the same direction” as the'generated
pressure as indicated by the long arrows and gives rise to what may be called
local armature currents..

Nature of the Self-Induction Pressure.—The self-induction pres-
sure, being opposite in direction to the impressed pressure, it must be

FiG. 2,897.—Detail of winding and commutator illustrating local armature circuits. The
serious difficulty encountered in attempting to operate a d.c. series motor with a.c. is the
excessive sparking at the brushes. Whenever a brush touches two commutator bare, an
armature coil or section is short circuited; at the moment of this sl.ort circuit the armature
coil surrounds a field pole as shown by the heavy line, so that the armature coil is related
to the field winding as the short circuited secondary coil of a transformer of which the pri-
mary coil is the field winding. Therefore an excessive short circuit current is produced
through the armature coil and through the tip of the brush. The result is an increased
heating of the armature coils, commutator, and brushes, and an excessive sparking at the
brush tips as the commutator bars pass from under the brushes.

evident that in the operation of an alternating current commutator motor,
the impressed pressure must overcome not only the generated pressure
but also the self-induction pressure. Hence, as compared to an equivalent
direct current motor, the applied voltage must be greater than in the
direct current machine, to produce an equal current.

The Local Armature Currents.—These currents produced by
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the transformer pressure occur in these coils undergoing com-
mutation. They are large, because the ‘maximum transformer
action occurs in them, that is, in the coils short circuited by the
brushes.

Ques. Why do the local armature currents cause sparking?-

Ans. Because of the sudden interruption of the large volume
of current, and also because the flux set up by the local currents
being in opposition to the field flux, tends to weaken the field
just when and where its greatest strength is required for com-
mutation.

Ques. What is the strength of the Jocal currents?

Ans. They may be from 5 to 15 times the strength of the
normal armature current.

Ques. Upon what do the local armature currents depend?

Ans. Upon the number of turns of the short circuited coils,
their resistance, and the frequency.

Ques. How can the local currents be reduced to avoid
heavy sparking?

Ans. 1, By reducing the number of turns of the short cir-
cuited coils, that is, providing a greater number of commu-
tator bars; 2, reducing the frequency; and 3, increasing the
resistance of the ‘short circuited coil circuit: @, by meéans of high
resistance connectors; or b, by using brushes of higher resist-
ance.

Ques. What are high resistance connectors?

Ans. The connectors between the armature winding and the
commutator bars, as shown in fig. 2.898.
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Ques. Does the added resistance of preventive leads, or
high resistance’ brushes, materlally reduce the efficiency of
the machine?

Ans. Not to any great extent, because it is very small in
comparison with the resistance of the whole armature winding.

Ques. What is the objection to reducing the number of

LOCAL CURRENT BRUSN

lSTANCE

F16. 2,898, —Section of ring armature of commutator motor showing local current set up by
transformer action of the alternating flux, and high resistance connectors to prevent spark-
ing at the brushes.

turns of the short circuited coils to diminish the tendency to
sparking? '

Ans. The cost of the additional number of commutator bars
and connectors as well as the added mechanism.
Ques. What effect has the inductance of the field and ar-

mature on the power factor?

Ans. It produces phase difference between the current and
impresséd pressure resulting in a low power factor.
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Ques. What is the effect of this low power factor?
Ans. The regulation and efficiency of the system is impaired.

The frequency, the field flux and the number of turns in the winding
have influen-e on the power factor.

Ques. How does the frequency affect the power factor?

Ans, Lowering the frequency tends to improve the power

meom

[
1

Fic. 2,899.—Diagram of single phase series commutator motor. It is practically the same
as the series direct current motor, with the exception that all the metal of the magnetic

circuit must be laminated.

The use of very low frequencies has the disadvantage of departing
from standard frequencies, and the probability that the greater cost of
transformers and alternators would offset the gain.

Series Motors.—This class of commutator motor is about
the simplest of the several types belonging to this division. In
general design, the series motor is identical with the series direct
current motor, but all the iron of the magnetic circuit must be
laminated and a neutralizing winding is often employed.

It will be readily understood that the torque is produced in the same
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torque will be proportional simply to the square of the current, there being
no question of power factor entering into the consideration.

Ques. What are the characteristics of the series motor?

Ans. They are similar to those of the direct current series
motor, the torque being a maximum at starting and decreasing
as the speed increases.

Ques. For what service is the series motor especially
suited? '

Ans. On aceount of its powerful starting torque it is particu-
larly desirable for traction service.

Neutralized or Compensated Series Motor.—A chief defect
of the series motor is the excessive self-induction of the armature,
hence in almost svery modern single phase series motor a
neutralizing coil is employed to diminish the armature self-
induction.

The neutralizing coil is wound upon the frame 90 magnetic degrees or
haif a pole pitch from the field winding and arranged to carry a current

"equal in magnetic pressure and opposite in phase to the current in the
armature,

The current through the neutralizing winding may be ob.
tained, either

1. Conductively; or
2. Inductively.

In the conductive method, fig. 2,908, the winding is connected in series
as shown and is a better arrangement than the inductive method.

In the inductive method, fig. 2,909, the winding is short circuited upon
itself and the current obtained inductively, the neutralizing winding being
virtually the secondary of a transformer, of which the armature is the
primary. In this method the winding is liable to heat and burn out.
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Universal Motors.—The term universal as applied to motors
means a motor so designed that it will operate on either direc! or
allernaling current.

- Since the alternating current series motor has the same general
characteristics as the direct current series motor, it is possible

1

F1G. 2,908.—Diagram of neutralized series motor; conductive method. In the .imple series
molor, there will be a dislortion of Lhe flux as in the direct current motor. As the distort-
ing magnetic pressure is in phase with Lhal of the magnels, the distortion of the flux will
be a fixed effect. If the poles be definile as in direct currenl machines, this distoriion may
not seriously aflect the running of the motor, hut with a magnetizing system like rhat uni-
versally adopted in induclion motors the llux will he shilted as a whole in the Adirection
of the distortion, which will produce the same eflect as if in the former case the brushes
had been shifted forward, whereas for good commutation they should have been shilted
hackward. As in direct current machines. this distortion is undesirable since it is not con-
ducive to sparkless working, and also reduces Lo a more or less extent the torque exerted
by the motor. The simplest remedy is to provide newlralizing coils displaced 90 magnetic
degrees to the main field coils as shown. The neutralizing current is obtained by the method .
of connecting the neutralizing coils in series in the main circuit.

by a careful compromise of design features to build series motors
that can operate on either direct current or alternating current
circuits of substantially the same voltage.

Motors of this type are used to a small extent for household appliances,
such as desk fans, portable vacuum cleaners, hair driers, etc. As a rule,
the universal motor has a lower efficiency and is more troublesome in op-
eration than either the direct current series motor or the alternating
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current series motor. Universal motors are built almost invariably in
small sizes only.

In modifying the design of a d.c. series motor so that it will
operate satisfactorily on either d.c. or a.c.

1. All the magnetic circuits must be laminated.
To prevent excessive hysteresis and eddy current losses.

]

FiG. 2,909.—Diagram of neutralized series motor; inductive method. Although the con-
ductive metho1 of neutralization is employed in nearly all machines, it is possible merely
to short circuit ti.e neutralizing winding upon itself, instead of connecting it in series with
the armature circuit. In this case the flux due to the armature circuit cannot Le eliminated
altogether, as sufficient flux must always remain to produce enough pressure to balance
that due to the residual impedance of the neutralizing coil. It woull Fe a mistake to infer,
however, that on this account this method of neutralization is less eTective than the con-
ductive one, since the residual flux simply serves to transfer to the armature circuit a drop
in pressure precisely ejuivalent to that due to the resistance and local self-induction of
the neutralizing coil in the conductive method.

2. Number of commutator bars must be increased.
To reduce the number of turns of the short circuited coils.

3. Resistance of the short circuited coil circuit must be in-
creased.
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Reducing the Inductance.—The inductance of the field is re-
duced by reducing the number of turns per pole. In order that
this may be done, and still, without excessive current, produce
the total flux needed to develop the required torque, the reluct-
ance of the magnetic circuit is reduced to a minimum.

F16. 2,910.—Core stamping for two pole a.c. commutator motor. The field winding in single
phase motors is usually a concentrated or massed winding; but instead of teing placed on
poles which are separated by a considerable distance as in the direct current motor. it is
placed in large slots in the laminz, the large slots F, holding the field winding, and the
small slots C, the neutralizing or compensating winding. This latter winding is distribu-
tively wound like the stator coils of the induction motor.

This is done by increasing the air gap section per pole by using the
arrangement indicated in fig. 2,910. By reducing the air gap length to
the minimum mechanically permissible; and by using lamrinated steel of
good magnetic quality for the -magnetic circuits. This last change also
reduces the core loss and eddy current loss.

To reduce the inductance of the armature winding, a sta-
tionary neutralizing or compensating winding is placed in slots
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in the pole faces (slots C, fig. 2,910) and so connected in series
that the main current flows through it in the opposite direction
to the current in the armature winding.

By using additional turns in this winding (over compensation) the same
effect is produced under running conditions, as is produced in the direct
current motor by using inter-poles; that is, due to the rotation of the
armature conductors through the flux produced by over compznsation,
a voltage is produced in the coils undergoing commutation which tends to
reverse the load current in these coils and thus improve the commutation.

Fi1c. 2,911.—Diagram of simple shunt commutator motor. Owing to its many inheres*
defects 1t is of little importance.

As for the voltage induced in the commutated coils by the
alternating main field flux, there is at starting no practical way
to prevent this in the single phase series motor.

This voltage is proportional to the frequency of the supply system, to
the flux per pole, and to the number of turns between commutator bars

under the brushes. It is therefore desirable to have 1, low frequency;
2, many poles; 3, many commutator bars; and 4, thin brushes.

Another feature which has been used to some extent is tc
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make the leads which connect the armature winding to the com-
mutator bars of material of comparatively high resistance

The short circuit current during commutation must then flow through
this resistance and is thereby limited to a reasonable amount and the
sparking reduced.

Under running conditions, a reverse voltage opposed to the voltage
induced in the commutated coils by the alternating main flux, may be
generated by supplying a component of flux which lags 90° behind the

0QQ/)
(MO0

)

F16. 2,912.—Compensated shunt inauction single phase motor. The transformer shown in
the arrangement is capable of being replaced by a coil placed on the frame having the same
axis as the field winding, so that the flux produced by the field winding induces in the coil
a pressure in phase with the supply pressure. Such a coil will now be at right angles to
the circuit to which it is connected. In a similar manner, a coil at right angles to the ar-

mature circuit, that is, the circuit parallel to the stator axis, if connected in series with that
circuit, will also serve to compensate the motor.

main flux in time and also 90 electrical degrees in space. Such a com-
ponent may be supplied by connecting a portion of the compensating
winding to a voltage in phase with the supply voltage. A transformer
is necessary in order to accomplish this, but in most cases one is used
anyway. :

Shunt Motors.—The simplé shunt motor has inherently many
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properties which render it unsuitable for practical use, and
accordingly is of little importance. Owing to the many turns of
the field winding there is large inductance in the shunt field
circuit.

The inductance of the armature is small as compared with that.of the
field; accordingly, the two currents differ considerably in phase,

The phase difference between tbe field and armature currents and the
corresponding relation between the respective fluxes results in a weak
torque.

g —
p—

Fic. 2,013.—Fynn’s shunt conductive single phase motor. In order to supply along the
stator axis a constant field, suitable for producing the cross flux to which the torque is due
by its action on tne cizcuit perpendicular to the stator axis, the “armature circuit,” as it
may be called, has a neutralizing coil in series with it, so that the armature, circuit and
neutralizing coil tozeiher produce no flux. In addition to this, there is a magnetizing coil
along the same atis. which is connected across the mains and so proluces the same flux
as the primary coil in a shunt induction machine. Fynn has proposed a number of methods
of varymg the speed ani compensating this machine. It is, however, complicated in itself,
and is only suite | for very low voltages, so that on ordinary circuits i1t would need a sep-
arate transformer .

It is necessary 7 use laminated construction in the field circuit to avoid
eddy currents, which otherwise would be excessive. Fig. 2,911 is a dia-
gram of a simple shunt commutator motor.
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TEST QUESTIONS

1. What is understood by the term “commutator motors™?

2. Give a classification of commutator motors.

3. Explain the action of a closed coil rotating in an alter-
nating field.

.

¥16. 2,914.—Fynn’s compensated shunt induction motor. This is a combination of the com-
pensated shunt induction motor with the ordinary squirrel cage form. In one form, in
addition to the ordinary ¢rum winding on the armature, tiere is another three phase
winding into the “star,” of which the ¢rum winding is conrected. This second winding
is connected to three slip rings which are short circuited when tr.e machine is up to speed.
Upon the commutator are placed a pair of brushes connected to an auxiliary wincing placed
on the frame in such a position that the flux from the primary coil induces in it a pressure
of suitahle phase to produce compensation. The same pair of brushes is also-used for starting.

4. Distinguish between transformer, generated, and self-
induction pressures.

5. What is the nature of the three pressures?
6. Where do local armature curren's occur?
7. How can the local armature currents be reduced to

avoid heavy sparking?
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8.
9.

10.
11.
12,
13.
14.

15.
16.

17.
18.
19.

What are high resistance connectors?

What effect has the inductance of the field and arma-
ture on the power factor?

How does the frequency affect the power factor?
Describe a series a.c. motor. '
What are the characteristics of a series motor?
What is a neutralized or compensating motor?

Explain the conductive and inductive methods of ob-
taining current through the neutralizing winding.

What is a “‘universal”’ motor?

How is a motor designed so that it will operate on
either d.c. or a.c.?

Explain how the inductance is reduced.
Describe a simple shunt a.c. motor.

Draw diagrams of 1, Fynn's shunt conductive single
phase motor, and 2, Fynn's compensated shunt in-
duction motor.
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CHAPTER 61

Commutator Motors
2. Repulsion Types

Repulsion Motors.—In the course of his observations on the
effects of alternating currents, in 1886-7, Elihu Thomson ob-
served that a copper ring placed in an alternating magnetic field
tends either to move out of the field, that is, it is repelled by the
field (hence the name repulsion motor), or to return so as to set
itself edgeways to the magnetic lines.

There ‘are several types of motors which operate entirely or
partly on the repulsion principle and they may be classified as:

1. Straight repulsion

2. Compensated repulsion
3. Repulsion start induction
4. Repulsion induction.

Basic Principles.—In order to understand the operation of
repulsion motors the action of a copper ring placed in an
alternating field should be noted as shown in the accompanying
illustrated repulsion motor principles. The application of Lenz’
law is of importance here. It is given as principle 3, figs. 2,919
and 2,920, and by its application the direction of the current
induced in the ring is easily determined.
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Thus, to determine the direction of the current induced in the ring in
fig. 2,921, the inductive effect of the increasing field is the same as though the
ring were pushed toward the magnet in a conslan! field (d.c.) magne! as in
fig. 2,919.

Further, since according to Lenz’ law, the inductive effect in the ring is

APPROACH RECESSION

B— »—

rd
FIELD CONSTANT -~

’

™~

DIRE!‘.TION QOF CURREN OIRECTION OF CURRENT™. \\ .

Fi16s.-2,915 and 2,916.—Repulsion moltor principles 1. The approach or recession of a copper
7ing from a magnet pole will induce currents aliernaling in direction.
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INCREASE IN NUMBER OF LINES DECREASE IN NUMBER OF LINES
N
FiGs. 2,917 and 2,918.— Repulsion motor principles 2. The approach or recession of a copper
ring from @ magnet pole is respectively equivalent to an incressc, or decregse in the number of
lines of force which pass through the ring.
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such as to oppose the motton which produces it, the direction of the ir}duced
current will be such as to produce a like or opposing pole (to resist the

APPROACH RECESSION
=

FIELD CONSTANT

REPULSION ATTRACTION
Fi1Gs. 2,919 and 2,920.—Repulsion swotor principles 3. LENT LAW: The appreach or re-

cession of a copper Ting from a magnet pole induces ¢ current i the Ting in such direction as
10 set wp a magnetic field which opposes the motion which prodeces it.

MOTION

REPULSION

FiG. 2,921 —Repulision motor principles 4. A copper ring is repelled from a magnel pole
when the number of lines of force passing through the ring is increasing. See fig. 2,919.

Fi1G. 2,922 —Closed loop moving across a magnetic field so as to increase the monber of lines
passing through the loop with application of the right hand rule to verify direction of current
in the ring (fig. 2,921).
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movement of the ring), as shown in fig. 2,919 the application of the right
hand rule being given in fig. 2 922. Similarly, when the field is decreasing,
as in fig. 2,923, the inductive effect is the same as though the ring were
pulled away from the magnet in a constant field (d.c.) magnet as in fig. 2,920.
Here the movement is opposed by unlike or attracting poles. Hence, in
figs. 2,920 and 2,923, the direction of the induced current is such as to
produce a S pole.

If the ring be pivoted, its motion is restricted to rotation. There are,
however, positions in which there is no tendency to rotate the ring as:

1. When the plane of the ring is perpendicular to the axis of the magnet,
and

ATTRACTION /! MoTion
— “W /|

F1G6. 2.923.—Repulsion molor principles 3. A copper ring is allracted o a magnel pole
when the number of lines of force passing through the ring is decreasing. See fig. 2,920.

Fic. 2,924 —Closed loop moving across a magnetic field so as to diminish the number of lines
of force passing through'the loop with application of the right hand ruke to verify the direction
of current in the ring fig. 2,923.

2. When the plane of the ring is parallel with the axis of the magnet.
Figs. 2,925 to 2,928 illustrate the first case.

This corresponds in analogy to the so-called ‘“‘dead centers’ of a steam
engine as in figs. 2,929 t02,932. This must be obvious because there is
no leverage.

Again, when the coil is placed in the second position in which
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FIELD INCREASING - FIELD DECREASING S
/ rd y

FiGs. 2,925 to 2,928 —Repulsion moler principles 6. When the plane of @ pivoled copper
rivg is @l Tight angles lo the axis ¢f an a.c. magnet there is no tendency for the ring to turn

FIELD INCREASING FIELD DﬁCREASING

Fins. 2,929 10 2.932.—Steam engine “‘dead center’” analogy of results obtained with pivoted
ring placed in a.c. field perpendicular 10 axis of the magner—no torque.
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FiGs. 2,933 to 2,936.—Repulsion motor principles T When a pivoted copper 1ing ts piaced
n ithe field of an a.c. magnet, there are four positions tn which 50 lorgue is produced

F16>. 2,937 to 2 940.—Repulsion motor principles 8. When the plane of a pivoled copper
TINg al vest s oblique to the axis of an a.c. magnel, {orque 15 produced by repulsion and altrac-
tion alternately, no useful torque; ring vibrates.
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its plane is parallel with the axis of the magnet, no torque will
be produced because no current is induced in the magnet, as
shown in figs. 2,934 and 2,936; the same holds for increasing field.

SYNCHRONOUS SPEED
10RQy

AITRA

+ DEC.

F1Gs. 2,941 to 2,944 —Repulsion motor principles 9. If a pivoted copper 1ing ve brought wup
to synchronous speed 1 an a.c. field, rotation is produced by re,.1s50.1 and altraction allernately.

If, the plane of the coil be oblique to the magnet. torque is
obtained as shown in figs. 2,937 to 2,940.
Now in fig. 2,937 before the torque there shown has time to

overcome the inertia of the ring and cause it to rotate, the field
flux, which was increasing, begins to decrease, and the torque is
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AT REST
(MO INDUCED CURRENT)

11 T

il

Il

Il

FiGs. 2,945 to 2,947 — Repulsion motor principles 10. When a piroted copper ring is placed in the field of an a.c. magnet oblique’y

1l tends to set stself edgeways lo the iagneilc lines, while the flux ts tcreastng (or decreasing).

reversed as in fig. 2,938, thus
causing the ring merely to
vibrate instead of rotate. How-
ever, if the ring were brought
up to synchronous speed, useful
torque would be obtained, that
is, the ring would rotate in syn-
chronism with the alternation
of the flux, figs. 2,941 to 2,944.

Forsimplicitythe fore-
going explanations were
made -assuming the in-
duced current to be in
phase with the field flux.

Now since the direction of
voltage induced in the ring
changes when the field flux
changes from increase to de-
crease as shown in figs. 2,921 and
2,923 and from decrease to in-
crease, 1l will be 90° later in
phase than the field flux and if
the ring have no tnductance the
nduced current will also be 90°
later in phase than the field flux.

With a non-inductive ring,
the torque would be alternat-
ing, resulting in no useful turn-
ing effect, as shown in figs. 2,948
to 2,953 (unless the ring were
turning at synchronous speed),
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Straight Repulsion Motor.—This motor consists of single
phase a.c. field and an armature similar to that used on a.c.
series motors. There is no electrical connection between the
field and armature, the brushes of the latter being short cir-
cuited. ’

This motor is a special type of single phase induction motor,
because the currents in the armature are set up by the inductive
action of the field and are not supplied from an outside source.

FIELD FRAME~ ) FIELD COILS

F16. 2,968.—Early Thompson repuision motor with open coils.

Elihu Thompson took an ordinary direct current armature, placed it
in an alternating field, and having short circuited the brushes, placed
them in an oblique position with respect to the direction of the field. The
effect was to cause the armature to rotate with a considerable torque.

The inductors of the armature acted just as an obliquely placed ring,
but with this difference, that the obliquity was continuously preserved
by the brushes and commutator, notwithstanding that the armature
turned, and thus the rotation was continuous. This tendency of an in-
ductor to turn from an oblique position was thus utilized by him to get
over the difficulty of starting a single phase motor. With this objett in
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view he then constructed motors in which the use of commutator and
brushes was restricted to ihe work of merely starting the armature, which
when so staried was then entirely short circuited on itself, though dis-
connected from the rest of the circuit, the operation then being solely
on the induction principle.

Ques. What difficulty was experienced with Thomson's
motor?

Ans. Since an open coil armature was used, the torque de-
veloped was due to only one coil at a time, which involved a
necessarily high current in the short circuited coil resulting in
heavy sparking.

Profs. Anthony, Ryan and Jackson appreciated the seriousness of this de-
fect, and in 1888 suggested the use of a closed coil armature winding in
place of the open coil type (U. S. patent 389,352 Sept. 1888). This re-
sulted in a greatly increased power for a given weight, because the efiective
turns on the armature were augmented and a given current produced more
torque, or a smaller current produced the same torque with less sparking.

On the other hand, sparking with this type of armature is due not only
to reversal of current in the coil short circuited by the brush, as in d.c.
machines, but also to transformer action.

Ques. Did the use of closed coils effectually stop sparking?

Ans. No.

Ques. What other means is employed in modern designs
to reduce sparking?

Ans. Compensation and the use of a distributed field wind-
ing, high resistance connectors, high resistance brushes, etc.

In explaining the operaticn of the straight repulsion motor
consider the drum armature replaced by a ring armature so that
the current flow may be more easily traced.

=
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Fig. 2,969 shows a ring armature without brushes placed in an a.c.
field. With the armature at rest (assuming current induced in the ar-
. mature coils to be in phase with the flux, as in figs. 2,954 to 2,959), pressure
’ will be induced in the winding as shown during a half cycle; starting at A,
traversing both sides and meeting at C. Since these pressures are equal
and opposed to each other there will be no flow of current.

Now if points A and C, be connected by short circuited brushes as in
fig. 2,970 current will flow around both sides as indicated,

FiG. 2,969.—Wound ring in a.c. field showing direction of pressures induced in the inductors
by transformer action. I this and accompanying culs, induced pressures and currenis are
assumed to be in phase wilh lhe field flux. As shown, the induced pressures starting
from A, traverse both halves of the winding to the point C, indicated by the arrows. Since
the pressures induced in one half of the winding are equal and opposite to those induced
in the other half, no current will flow. :

. The inductive effect for quadrants AB and CD, tend to produce counter
;8 D clockwise rotation, and for quadrants CB and AD, clockwise rotations.
These opposing torques talance each other so that the resultant is zero,
hence no rotation. !

| Again if the short circuited brushes be moved to the position

’
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F1G. 2,970.—Ring armature in a.c. field with short circuited brushes located on magnet axis.
For this connection there will be a maximum flow of current; this position of the brushes
is called the live neutral., Since the armature is polarized in the direction #s, parallel to
the field lines of force, there will be no torque tending to produce rotation hecause there
is no leverage.

NEUTRAL

ul
(2]
21
W

16, 2,971.—Ring armature in ag.c. field with short circujted brushes located at 90° from
magnet axis, that is, from live neutral. Since the induced pressures in quadrant AB, are
balanced by the opposing pressures in quadrant AD), and similar conditions obtain in the
other two quadrants BC and CD. there will be no current flow, consequently no torque
tending to produce rotation.
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shown in fig. 2,971, perpendicular to the magnet axis, connect-
ing points B and D, equal and opposing pressures would be
induced in quadrants AB and AD, also in quadrants CB and CD.

These opposing pressures would balance each other so that there would

be no current or resultant torque. 7The two brush positions shown in
figs. 2,970 and 2,971 are called the live and false neutrals respectively.

ROTATION

-

REPULSION

REPULSION -

Fi6. 2,972.—Ring armature in a.c. field with two thick brushes placed to short circuit two
pairs of coils L,F, and H,D. With this arrangement, clockwise rotation will result due
to repulsion by the two pairs of short circuited coils. The resultant effect of the other
coils is zero as may he seen {rom the diagram.

Now the strength of current induced in a coil by an a.c.
magnet depends on the angular position of the coil with re-
spect to the field.

In fig. 2,972, the inductive effect (considering one quadrant) is great in

coil L or F, and least in coils ¢’ and f. 1t is great in L or F, because a

maximum number of lines of force thread through each; least at a’, because
a minimum number of lines of force can thread through it on account o
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the acute angle of inclination to the field; also weak at f, because the field *
is weak at that point. Accordingly, the inductive effect may be taken as
equal in similarly placed coils as for instance in coils ¢ and ¢’.

With the two thick brushes M and S, placed so as to short
circuit several coils as L,F, and H,D, current will flow through
the two pairs of coils thus short circuited as indicated.

By comparing the diagram with fig. 2,969, or by Lenz law, the current

will be found to be in a direction such as to polarize the coils L,F, with

g an pole near the N

. pole of the magnet,

and to polarize the

. coils H,D, with a s pole

near the S pole of the

magnet. A clockwise

torque isthus produced

due to the repulsion of
lik.e poles.

:
1 o

Fic. 2,973—O0snos circle diagram for repulsion motor. In construction, OE =direction ot
the impressed voltage, OI; the primary current with armature locked, drawn at an angle
EOI, corresponding to its phase displacement. Oly, is the current with armature revelving
without load and EOly, is its corresponding phase angle. Draw an arc of a circle through
01711, the point C, being the center of the circle. This is the circle of current input, and the
angle EO1, is the phase of any particular primary current. The ordinate 11, is the working
or energy component of the current 1, and is proportional to the input. Describe the circle
B1,D, which hasits center on OB, perpendicular toOE. Thenon OB, asa diameter describe
a second semi-circle OLsD. The first of these semi-circles or BleD, is the circle of speed and
the second circle OIoD is the torque circle. Thus for a load requiring a current I, the speed
is represented by the ratio IPP +D, and the torque by the product O1 X IN. The line 1D,
represents the secondary current in phase and magnitude reduced to primary equivalents.
The angle S, is the difference in phase hetween corresponding primary and secondary cur-
rents. This diagram takes into account the copper losses as well as leakage effects, but does
not include the windage, friction or iron losses, which must be allowed for, either by addition
‘0 the input or subtraction from the ontput.

It should be noted that with this arrangement only those coils L, F, and
H, D, that are short circuited by the brushes have current flowing through
them and are accordingly the only coils that produce rotation. The reason
for this will be seen by examining the diagram closely. Thus, the pressures
induced in coils b, ¢, d, e, fand &', indicated by the small arrows, are balanced
by equal and opposite pressures induced in coils b’,¢’,d’,e’,f’, and a,
hence there is no current flowing in these coils; that is, current flows only
in coils, L,F. and H,D.
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More coils can be utilized and the repulsive effect made
sttonger by connecting the brushes M and S, as shown in
fig. 2,974.

The effect of this is to bring all the coils into action, producing a strong

clockwise torque, excepting (for the brush position shown), coils ¢ and a’
which are bucking the other coils.

ROTATION

ONE'COIL BUCKING

Fi6. 2,974 —Ring armature in a.c. field with short circuited brushes located at an angle to
the magnet axis showing polarization of armature, rotation by repulsion and electricat
conditions in the coils.

The current flow due to connecting the brushes, polarizes the armature
in the direction ns, resulting in repulsion at both poles with the poles of
the magnet.

If the brushes be shifted to a less or greater angle than in
fig.. 2,974, the torque corresponding will be reduced as shown
in figs. 2,975 and 2,976, because of reducel leverage in fig.
2,975, and remoteness of roles in fig. 2,976.
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ROTATION

‘N7 = SMALL LEVERAGE
F16. 2,975.—Ring armature in a.c. field with short circuited brushes shifted close to the live
neutral showing weakening of torque (as compared with torque in fig. 2,974) due to ce-
crease of magnetic le ‘erage.
TWO COILS BUCKING ROTATION
LIKE POLES L o
4 REMOTE -

TWO COILS BUCKING

~— | = ' LIKE POLES
{N358nd REMQTE
Fi6. 2,976 —Ring armature in a.c. field with short circuited brushes shifted close to false
neutral showing weakening of torque (as compared with torque in fig. 2,974) due to in-
crease in number of buckinz coils.
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. ROTATION

“oons! o

Fia. 2,977.—Ring armature in a.c. field with brushes shifted on other side of live neutral
! showing reversal of rotation. Compare this diagram with fig. 2,976.
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. F16. 2.978—Curves for repulsion motor showing effect on current and torque due to shiiting
the brushes. Note that the c:rrent and torque vary greatly with the position of the brushes.
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Again, if the brushes be shifted across the magnet axis, the
direction of rotation is reversed, as shown in fig. 2,977.

In other words, shifting the brushes away from the live neulral magnel axts
resulls in a torque in the direction of the shifl.

L LINE

FUSES

SWITCH

Fi1G. 2.979-—Diagram of connection of Sprague single phase compensated repulsion motor.
To reverse direction of rotation interchange leads C; and C; and slightly shift the brush
holder yoke. Brushes Ei and E: are pcrmanently short circuited. This diagram of con-
nections applies also to lig. 2,981,

In the accompanying diagrams the electrical conditions were
shown for only part of the cycle. In operation the direction
of rotation will be the same for the entire cycle because the
current in the field and armature reverse together or practically
so depending on the amount of lag.

For simplicity the current has been assumed to be in
phase with the flux, though in practice as already ex-
plained it lags about- 135° behind the flux.

Compensated Repulsion Motor.—In its simplest form it con-
sists of a simple or “‘straight” repulsion motor in which there are
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two independent sets of brushes, one set being short circuited
while the other set is in series with the compensating winding.

s Ques. What names are given to the two sets of brushes
on a compensated repulsion motor?

Ans. The energy or main short circuiting brushes, and the
compensating brushes.

' - fn
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F1G. 2,980.—Compensated repulsion motor. B, and B, main brushes; b, and b, compensating
brushes.

The compensated repulsion motor is a development of the straight re-
pulsion type and was designed with the object of overcoming field distortion
! 80 as to increase the power factor uf the machine.

The simplest form of compensated repulsion motor is shown in fig. 2,980.
. The effect of the compensating brushes B and B, considerably modifies the
action of the machine.

One effect is largely to neutralize the self-inductance of the field winding,
since the current flowing in the armature across these brushes acts as the
current of a short circuited secondary, of which the field winding is the
primary. The field winding, therefore, acts as a transformer coil; on
the other hand, it does not supply the entire magnetic field necessary for
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the production of the turning effort. This latter field is now mainly sup-
plied by that component of the current which passes through the armature
at brushes b and 6. , '

The current flowing between b and b, is variously known as the exciting
or compensating current, while that developed between brushes B and B, is
called the short circuit current.

This type of motor is characterized by high power factor at speeds

1. 2.981—Diagram of connections of Sprague variable speei single phase compensated
repulsion motor and controller., The controller is designed to give speel reduction and
speed increase as resistance or reactance is inserted in the energy and compensating circuits.
Constant speed and variable speed motors are identical with the exception oi the leads
brought out from these circuits. The standard controller gives approximately 2 : 1 speed
variation.

above synchronism, but at low speed its power factor is less than with tne
a.c. series motor, while at all speed points its torque per ampere is not as
high. .

A further criticism of this construction is, what has been the greatest ad-
vantage of the repulsion motor, its connection drrectly to high tension lines,
is no longer practicable, because now the revolving member is also in the
main circuit o that the necessary insulation is difficult. This bad feature
of the compensated motor is avoided by the Winter-Eichberg modification
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shown in fig. 2,982. In this design the armature exciting current, flowing
between brushes » and b, instead of being supplied directly to the armature
from the high tension lines, is obtained {rom the secondary of a transformer
whose primary is in series with the stator and high tension circuit.

Variable speed is obtained by variation of the voltage supplied by this
secondary, which is provided with taps, as shown.

1

i

I

4l
13

F36. 2,982.—\lodified compensated repulsion motor to permit high tension operation witl | sw
tension commutation.

Repulsion Start Induction Motor.—This type of motor is one
designed lo start as a repulsion moior and run as an induclion
motor. It should be carefully distinguished from the repulsion
induction motor later described.

The repulsion start induction motor has a single phase
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distributed field winding with the axis of the brushes displaced
from the axis of the field winding. The armature has an insu-
lated winding. The current induced in the armature or rotor is

F1s. 2,983.—Wagner single phase repulsion start induction motor armature showing com-
mutator end.

Fi6s. 2,984 and 2,985.—Wagner single phase repulsion start ind action motor armatures show-
ing type of governor employed on the smaller sizes (fig. 2.984) and on the larger sizes (fig.

2,985).

carried by the brushes and ccommutator resulting in high starting
torque. When nearly synchronous speed is attained the com-
mutator is short circuited so that the armature is then similar
in its functions to a squirrel cage armature.
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REPULSION STARTING

BRUSHES IN CONTACT WITH COMMUTATOR

]

—_—

COMMUTATOR SMORT CIRCUITING RING
INDUCTION RUNNING

BRUSHES RAISED FROM COMMUTATOR

" . CENTRIFUGAL
(o) FORCE
O
o
[e) [o]
O o) o
(o)
o | °
e ]

SHORT CIRCUITING RING
IN CONTACT wWITH COMMUTATOR
FiGs. 2,986 and 2,987 —Diagrams illustrating operation of brush lifting mechanism of repulsion
stact induction motor [ig 2,986, brushes in contact with cammutator during repulsion
starting; fig. 2,987, brusheslifted from commutator and short circuiting ring pressed against
commutator, short circuiting the latter, thus causing motor to run as an induction motor.
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The elementary diagrams figs. 2,986 and 2,987 show the working prin-
ciples of the mechanism for simultaneously lifting the brushes and short

Fic. 2,988 —Baldor single phase repulsion start induction motor centrifugal short circuiting
switch. In construction there are three centrifugal weights spaced 120° apart and held to
the center of a cup shaped housing, when the armature is not rotating. When the armaturc
begins to rotate, the centrifugal force causes these weights to leave center and short circuit
six stationary contacts spaced 60° apart on the inside wall of the housing. On 6 pole types
four centrifugal weights and eight stationary contacts are used spaced 90° and 45° apart
respectively. These contacts are connected to six and eight sections of the commutator
by means of leads through the armature slots. It is claimed that this switch serves the
same purpose as a switch which has many more parts ant short circuits all of the bars of
the commutator against a ring, or one which uses a necklace of copper segments to short
circuit one commutator bar against the next one. The ob-ect of this construction is to
secure greater reliability at the expense of a fraction of 19, less of eificienc.

¥16. 2,989.—Baldor single phase repulsion start induction motor brush gear and brushes. In
construction, each brush is pig tailed to the holder and a copper wire provides the shunt.
The holders are insulated so that no current passes the the rocker arm or frame of motor.
The commutator being of relatively large proportions and the brushes carefulty selected
it is not mecessary to raise them. The brushes carry current only at starting and when
up to speed the centrifugal switch carries all the ~wrrent.
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circuiting the commutator to change the operation from repulsion to in-
duction. The object of lifting the brushes is to eliminate wear of the com-
mutator during the running periods as it makes no difference electrically
whether the brushes be in contact or not after the motor comes up to speed

Fi6. 2,991.—Baldor fractional horse power single phase repulsion start induction motor com -
mutator showing sectional view of the short circuiting switch. This switch is designed for
rolling contact to render it sell-cleaning.

F1G. 2,992.-~2aldor fractional horse power single phase repuision start induction motor.

This motor has gone through many stages of improvement since its first
appearance on the market, although its general principle has remained the
same. The general reliability 