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The induction motor is a type of alternsting current motor in which the

nagnetic fiux is furnished bty either a single phase or s polyphass current.
Consider the asetion of a compass suspanded over a magnetic field, the
needle thus suspended will tzke 2 position pirallell to the lines of force,
which flow from pole to pole. Now if the nsgnet be rotated the needle will
chenge position relative to it. If the magnet be substituted for a four
pole electro-magnet as shown in Fig., 1 Plate 1 and a current of electricigy
be wllowed to flow about either of the sets of poles, and ths needle be i

allowed to swing freely in the center, it ®»ill set its self parallel to the
lines if a current is flowing in ell four poles mt the seme time this needle
will set itself diesgonally hmlf way between tﬁe sets of poles, as illustrate
Plate 1.

o
Lo

by Fig.

It is now easily conceivable that if one of these currents, in ths

windings of the poles is becoming wesker as the other is growing stronger, ti

the needle will be ®ttracted to the former until the flux reaches its max-
imum value. Where gn alternatingreurrent is used this process of rapidly

chenging from meximum to minimum tends to rotate the needle. if ;now, &
cylinder cossisting of copper conductors be used, indtead of 2 needle, the
mé&chine becomes an Induction Motor The direction of rotation is determined
by the phasse relation of the currents, Jhe direction of rotation may be re-
verged by interchanging any two wires of a three phase three wire circuit.
Thus by msens of polyphsse murrente it is very easy 1o produce roteting
fields.

The Induction or Polyphase Motor consists essentially of two parts
first the pert wound with coils of copper wire to receivas the currept from

generator and produce poles which rotate relamtively to the coils (8). The

L & )




e
o

part cerrying conductors which is arranged to rotate by the torque set up
by the repidly shifting poles. The first part, usually stationary, is
called the stator or primary; the second pert is calleéd the totor or
sacondary. It is possible to interchange thess makinghat is now the
Rotor Statiégggnd neking the . Stator to revolve, but this reguires
the uge 6f slip rings; an&hrushes, to supply the Bxciting current, gnd also
subjects the fine windings to cehtrifugal force and does not sllow of so
high an efficient insul&tion. This plan h2s the adventage of reguiring .
less material in the tator part and producing slightly less magnetic .=
leakacge. It has not been followed in recent practiee on account of the
objections enumerated. The duty of the tator is to receive the alternat-
ing current from the line which, owing to the high induction set up in the
coild of wire, produces a magnetic field whose lines travel from the inner
ecylindricel surface in a radial direction, traverse the rotor of a gertain
distance, returning radially to the Stator thus completing e magnetic
circuit es shown in Fig., 3 Plate 1. producing north and south pdles which
move rapidly ovey¥ the surface of the Stator and sweep the conductors of the
Rotor as 2 simple rote¢ing field would do. The number of these pgirs of
poles depend upon the frecuency for which the motor is designed and the
speed for which it is desidned to run.
Progsresesion of Field.

To show clearly the progression of the Magnetic field consider the stator
and rotor layed out in a stra@ight line instead of being eylindrical in fornm.
Consult. Fig. 164 Plate 2 . Let the holes through which the stator con-
ductors pass be represented by the ugpper row of circles, the lower row

representing the holes for the rotor conductors. This representation 1s
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that of 2 two phase winding, sssuming also thst the rotor circuit is open

The Phase relation of the current is shown by the clock diagram
at the right of the figure in guestion, Let the pointer (4) be proportion-
el to the current at that instent in the stator coils. In Fig 1. the
current is shown at & miximum, in circuit No.1 , citeuit No.2 is cerrying
no curramnt. These conductors cerrying alternating current will set up mag-
netic lines of force in the iron as shown in Fig, 1. The magneﬁ;o motive
force extended by the stator coils at ezch point along the surfizee of the
stator is shown by the square cornered curve below each fiture. Let the
canductors, indiceted by anx be covered &s conductors carrying current, out
of the plane of the p.aper, whils those ﬁith a dot be sssured as carrying
current into %he peaper. Thesé curves are plotted from the different current
values, the radius of the circle or clock diagram being the maximum current
propelled over from th® olock diacram. Let pointer (A) represent propors
tionelly the meximum velue of the current in circuit No.1. Make (ML)
the same lencth as (AOQ) 4nd perpendiculer to the axis (x) teking the distence
(MN) equel to the disgtence between condectors (' 7)., The ordinates of (MN)
represent approx the magnet_ rotive force at each point along the surface be-
tween the poles ( ) Between the conduetors (2 & 2)the magnetic force
falls to zero, this being due tp the conductors on one side negtralizing
the effect of the éonductors on the other. Retween the conductors (3&8) the
force is reversed and is represented by the curve (P.6.R.S.) below the zero
line. In {Fig. 3 the phase is shown &s havinc adbencad’ 1/18 of & peroid,
80 that the currents in the two circuits ere equel. In another 1/18 paper-

0id the curve would assume & shape as that of §oui @ showing the maximunm

point of the curve heving advenced the distance of two holes to the right.
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: 4 slows the phase having advenced another (1/18) of a
’eroiﬁ the current in ‘he eirecuit  No.1 having senk to zero while that of
circuit 'No.? has risen to maximum, This curve is similar to No.1 but
is shiftad forward through the space of two htles, At & guarter of a

period later it is shifted in pest enother two conductors and aftier snother

half period bhés passed ell eight holes Bnd is in the position of No.1

relatively to the next set of coils. THis cerries the poles throusgh a

compleéte cycle. These curves &s: 80 conetructed,with 'square corners ,
may spproximately represent the magnetic flux distributor for as the flux
spreads out, 8nd &s theee poles change rapidly, and graduelly from Max. to
Min,, the true curve followed by this change is that of & Sine Curve .
Magnetic Leakeace,
In Fig. 1. Plate 2 it has been shown that if there are no currents in the
rotor the mazximum point of the magnetic curve would be between the conduct-
ors of th® stater cerrying currents. But in & Motor, since the coils on
the rotor are short circuited, its conductors carry current, this current in
turn sets up 2 magnetic flux ereound its conductors which tend$to oppose the
flux of the stastor, this opposition tends to distort or skew the lines of
force of the stator.

In Fig, 2 Plate 1 1is shown the crowiding of the lines of force
in the @ron of the teeth, thi distortion due to the stator mmd rotor current
being distributed discontinuously, the shielding effect of the iron that
surrounds the slots, and thac obligquity of the field in the air gap. Con-
sidering this ‘same figure, it is very herd to determine what are leakage
lines and what are useful,

To show more clearly what is meeant by leakage consider Fig. 1.




Plate 3. .. Let 'A represent a slotted iron ‘stator tooth, and 'E. that of

a tooth of the totor. If these teeth are placed in juxt _position and a
negnetic flux pass down fron the stator tooth to the rotor consider 10
lines 5 will pass to left of slot and the other five to the right. Next

gonsider that no flux is passing down from stator tooth, but, that each

conductor as in Fig. 2, A.% B. cearries currents these currents will set .o

up fluxes which link each conductor respectively. It is evident that such &
a field does not tidute anything to the driving forces of the Motor.
Now to 'show how 2 torgue is set wup beﬁweén the stator and Rotor let (Fig, &
repressmt the smme poles as before considered, but the flux of these set of
polas consistiof the sup€rposition of the fluzes of Fig, 142 that is let o
flux flow from stator to rotor and ét the same time a flux.in each of the

conductors 2.% B. s shown in Fig. 8 'sawen lines pass fgg» right of

-~

slot A down to rotor obliguely to lefi gide of ‘B while '8 1lines pass

down on eéither side of the c2nductors., It is plainly seen that these seven
obligue lines of force are the resultent lines of the two forces &s shown
in-Fig. 182 Plate 2 . In accordence with the principle that there is a
tension along the lines of the field thsre will be a tengential component-
of fgrce tending to drag the rotor toward the right with an equal resction
tending to urde the Stator toward the left. It is evident than that if
those linss passing obliquely acrcsgigight of A obliguely t;rieft of "B
. constitute simply the driving forces, that the lines that pass down respect-
ively to right and left of thé slots, do not constitute 2 driving force angd
are known sas lsakade flux, Hence our definition of & leakace flufﬁ any
mégnetic lines which sarround any canductor, or any two or more conductors

belonging only to either of the two partsy contribute nothing to the driving
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forces, and sre so much masnetic leaskage. To reduce this nagnetic lesksge

the airiggp_@gst be made as small as possible end the copper conductors of
both stator and rotor should be as close to the surfzce of the gir gap as
possibke. Any flux which goes along the gap fror tooth to wnother
tooth of the mame part thet is from stator to stator or from rotor to rotor
without embracing the conducgors of the latber is 2 magnetic leskage. This
true nagnetic leskage @s it passes along the gap, compounds with the useful
flux ceusing a distortion, causing the mein fluxz in turn to lesk in thaf it
so fer avoids enclosing conductors which it wculﬁ)had it not been compound-
ed with the true leakage fluxz.

A second way in which magnetic leakBce may take place, nemely, #t |
the flanks of the machine. Any leakace that eccurs in either of these
two directions BeceeaseSself-induction of the stigtor winding, thereby de-
creasing the torcue, and in decrmasing this toroue the efficiency of the
motor is decrszased.

Heat and Ventilation.

Undue heating in any motor or dynemo working undér the desidned load, allows
of eriticism &s to poor desien, fince in the induction motor the armature

Aas
is stetionery, ths conductors used must be of such a size to stand the

?’ . -
1R loss, and/admit of a large factor of safety concerning the burning of

witms, The hest gimerated in the coils must not be of sufficiently high
temperature as to burn or even soften the irnsulation. If this be the case
after thke motor has had a fair trial, it cculd not be recomnended to give
satisfaction for any length of time. There gre several ways that these
motors are constructed so a8 to prevent heating- first- the shield is 'so

cast that at regular intervals over its surface ere hobes which allow of the




circulation of air around the coils, Second- attached to the rotor es-

pecially the squirrel cage type, one small brass projection, which serves

as & fan while the totor is revolving, This fan serves to keep the air in

motion, by this means the coils zre elways kept cool, and if thepe should be

ré%cessive push of current in the motor, heating the armature coils, this

fan would soon cerry eway the h@ated 2ir and thereby protect the coils

against excessive heating. in the motor tested,thermometers were placed
one in shield, ome in eit bearings at each end of rotor shaft, and on

the rotor after it was stopped. 8t any of these points efter .§ run of

several hours no excessive heating wes observed. ( Note pate ).
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Construction,

The principle parts of an induction motor are (1) Frame. (2) Stator.
(3) Rotor.

The stator is thie stationary part that contsing the windings., It
cansists of iron stampings built up in a cast iron case of frame. These
stanpings are made of the best of soft annezled iron and are from twelvs: to
twenty mills in thickness. The lerinal are insulated from each other by a
coating of Japan varnish, This prevents eddy currents which would tend to

be set up, parallel with the windings. The 8tampings are shown in Fig, 3

Plate 4., The stator consists of thirty six slets, in whieh the windings
are laid. Each 810t is lined with micea insubation or some other insulating
material.

The windings on th®e stator are of the distributed tyge, there being
six slots to each set of coils and twelve slOots to each phase winding, One
end of each phase meets in .a common point and the other three ends g¢o to the
terminals of the machine. The star connection is the form most commonly
found in practice, Bnd i illustrated in < Fig. 3. Plate B!,  The coils
are firmly held in the :elots by thin wedges of hand wood driven in between
the coils and the flanges in the slots. This protects the coil from
rechaenical injury, and magnetic pull, due-to the currents in the conductors.
The wire used is ample to carry the full load current ( twelve smperes)
without excessive hbating, enli ®elso the sterting current ( ebout twenty
five amperes on no load ) for a short time without injury.

The rotor is the nsme applied to the revolving part. It is ®&lso made
up of iron stempings well insulated from each other. The material used is

bhe seme as is used in the stator. The form of stemping used is shown in




Fig., 8.

Plate 4 ,

As the freguency of the fluz is not :ee great in the

rotor ms it is in the stetor, it is not necessary that the laminae be g6

thin.

the rotor and have good mechanicel protection.

The slots in which the conductors lie mre near the circumference of

The air gep:: between the

stetor and rotor is made as small es possible, to prevent magnetic leakage.

The rotor ie shown in ' Fig, 2, Plate 4, and is called the sguirrel cage

winding.,

being fastened to a short-circuiting copper
with a copper bar in each slot.
common star or Y connection,

csrry the induced currents, without ceusing

numerous enoush to give a large induced E.M.F.

It consists of copper bars placed in the slots, the ends of each

ring.
The other
The windings must be of

excessive heating,

in the rotor coils.

There are forty two slots
form of winding used is the
sufficient size to

They must te

On each

end of the rotor are small fans for the purpose of maintaining & circulation

of air to keep the temperature as low as possikle when the machine is in op-

eratibn,

It is cushomary to make the distence between the slots on the

rotor & little less then on the stator, #nd also less then the width of

each slot.

The shaft is made af stesl and turns in brass toxings.
supplied from the oil chambers to the shaft by oil rings.

rings in each bearing. .

which 0il can be put in the bearings, epd the rings inspected.

The oil is
There are two

A 1id on the top of the bearings gives 2 meens by

The freme is made of cast iron and fits very closely to the stator.

This is true only in small machines,

have a space between the frame @nd the leminee, for ventil ation.

The motor rests on & wooden base amd operates on two V wavs by

two gereews, The belt can,

therefore, be tightened when necessary.

In large machines it is customary to

means of

The
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pulley, which is made of herd wood, is fmstened on the shaft by meens of a

feather key and ‘set screw.

H Current Relations.

cy end self induction of the windings. The resistence is very small ,-

s

|
The current in the rotor coils is a2 function of the E.M.F., the frecuend, l
|

about .122 ohms for eech phase winding, vhe sterting current is very large
and lags approximately 90 dedrees Qhen tunning light. The wattless current
depends upon the leekage,- thet is,- the number of lines that are set:up in

the stator that do not cut the rotor, The current in the rotor is produced

by its tendency to go slower than the revolving fiéeld flux, and as the fluz

cuts the rotor conductors =n E.M.F. is set up and produces & current in the

rotor coils. The ratio of transformation has no particular effect upon the
operation of thc machine. For motors of the same capscity it is customary t -E
to use the same size of rotor and stetor for different voltages, but vary | ﬁ
the windings only., The freguency of the current in the rotor is"s"times
that of the freguency when the rotor is Btending still. The voltege induced
in the rotor is " s t " times the operative pressure of the stator, "s" being
the slip and "t" the r@tio of trensformation, The current produced is de-
pendent in magnitude and phase upon the motor windings. The resistance and
inductance of the rotor windings are very small,
Regulation of Speed.
The chief objection to induction motors is speed regul ation, It ¥s

possible to change speed by sltering the number of poles in the stator, but

thi's method requires so complicated a set of windings as to be impracticable,

The only way thst speed can be changed to ady grest extent, is by cheandipe

the freguency of the supply current. This method reguires a freguency
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transformer and, as they are limiksd in operation, they &re not uséd in
actual practice, The ‘speed cen be chenged to a small veriation by chenging
the impressed voltage but this gives rise to such heevy currents at slow
speed as to be inconvenient to use for wide variation. Bhen an induction
motor is thrown on & cireuit, there is an enormous rusk of current, whieh
grows le®s as the machine attasins speed. To prevent this rush of current,
verious starting devices have been employed. The method used in the lab@=
ratory was to gradually increase the dmnerator voltace from zero to maximum,
and so not much can be said of the different sterting devices from an exper-
imental knowledge. The ordinary form of :a starting box is shown in  Fig. 1%
Plate 5. This form is manufactured by the General Electric and the
Westinghouse Co's. By means of ._ auto-transformers with several taps on
the compensating coils, the voltage is supplied to the motor much lower then
the line voltage. As the motor ettains speed the voltege is raised and
when normal speed is resched, th' motor is connected dirsctly to the line by
peans of a double-throw switch, The torgue of a moter in sterting can be
regul ated by having a variable resistence plaged in the rotor windings.

fhen the motor is startéd fhe resistarce is thrown out of the rotor circuit
by meeng of a knob on the ena of the shaft, This resistance serves two
purposes, it produces 2 high starting torque and ppevents a rush of current
when the motor is sterted. The resistence causes a drop in the E.M.F, &nd
this causes @ grmater slip for the same current produced, and the motor runs
ot & lower speed and has full load sterting torgue, which is eguivellent to

a lardge torque when it starts, The Genersl Electrie Conmpany nake motors

in which the resistenze is cut out by mesns of & centrifugal clutch,

The slip is the ratio of the drop in gpeed to the mormal speed when the




load is varied, A motor tends to run at a synchorondjgpeed and the slip

on running light is very small, The E.¥.F. produced in the rotor is just
gufficient to overcome the running losses, A fall in speed catses the con-
ductors on the rotor to cut more lines of force. This produces 2 higher
induced voltmge which reises the torgue, mng the speed tends to sssume its
normal value, So in this respect it resembles & shunt direct current motor
If there were no losses on no lowd, the .otor would run at synchronous speed
and no currents would flow in its windings. The slip cen be found by two
nethode, - (1) Relt tochometer. (2), Special slip counter. mhe first con-
sists of an ordinary belt tochometer connectéd to the motor shaft, By
knowing the speed of the revolving field the slip can be found for eny load
on the motor. The second method is shown in Fig., 2, Plate 5, It con-
sists of a circuler disk, which is divided into four black and four white
sesments, corresponding to the four polss in %he stator, The disk is
connected directly to the shaft, When the€ machine is in operation, the
light from an arc lamp, which is in parallel with one phase of the motor,is
thrown on the disk and it appears to be slowly turning in 3 direction ap-
posite to its rotation, Phe apperent speed i's proportional to the slip,
The number  of times the disk appears io turn around is the drop in speed,:
This subtracte®d from the speed of the fie1d§gives‘the rotor spe3d.  The
theory of this fact is due tc the pulsations of the light acting on the disk
If there was no slip, the disk in reality would make one revolution for each
pulsation of the arc light, @nd it would appear to be gtanding still, As
the slip &ncreases the position of the black sedments fall a littde behind
their normal position when the pulsation of light occurs and the disk ap-

pears to slowly revolve in an apparently opposite direction due to the
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moving picture phenomenon, The slip on no load is very small and ths revo-
lutions 2re easily counted, but on full load when the slip becomss maximum %
it is very difficult to coumpt the number of revolutions #nd hence this is oné
main objection to this method, Another objection is that at &t least thirtj
gseconds &re needed to estimate the slip and on varying loads this would be
'unreliable. This method was originated by th® General Electric Company
and was trigd in the labratory with success,
Curve Discussion,

the two curve shsets show the result of a belt load tmst and a brake

test. The variation 1in the results obtained is prokably due to the dif-

ficulty in obtwining a break test that was entirely satisfactory. The

.rapid speed of %he rotor causss so much heat in %he brake that the readings

had to be taken quickly, @t ths- expense, parhabs, of constancy. The curvgg |
on curve sheet No, 1 wre plotted from data obfained from the belt load,
This consisted of beltins the induction motor to a calibtated dynawo 2mdg
taking readings on various loads, The input of the motor is the .algebraic
sur of the watt meter readings, Care must be used when the motor is run-
"ning light, in determining the signs of each watt mmter reading.  The die-
gram shown in Fig,1, Plate & shows the connection of the instruments for
finding the date taken. The curve marked "B" Bs the efficiency curve of the
notor &ms obtained from the tests, It has the ganeral form of an efficienby
curve,s perhaps its main peculafity is that'it rises slowly and then turns
down @nd does not have .a continuation of its highest efficiency for a wide
variation nzar its maximum output, It is seen that its hishest efficiency
is at about three fourths full load. This sould not be very desirable for

continuous operation @n full load, Bhen it is over loadsd, its efficiency




falls rapidly until it breaks down,

Curve "C" is drawn with power factor as ordinates and watts output as
abcissa, The power factor incrsases with load repidly due to the leakage
of the magnetic flux. The curve rises very fast then turns and tends to
become parallel to the "X" axis, It is this condition that gives poor
regulation for lamps when placed on the same circuit with an induction motor
with variable load,

Curve "D! is drawn with amperes as ordinates #nd watts output ‘as abeisss
The curve is slightly canvex to the "X!" axis which shows that the ratio of
the current to Lhe load is not cgnstant, At break down point the curdent
rises very rapidly due to the fact that the self induction of the coils is
lowered,

The curves shown on Sheet 2 were obtaided frop the results of a mmke
test on the motor, They compare favorably with those on sheet NO. 1. The
frame used in making thé breask test is shown in Fig, 2, Plate 6 , By means
of the two spring dynamometer readinss the torgue on the whesl was computed.
Yarious materials were used for the strap om the brake, pope, leather and
zine were tried, with the rope giving the most satisfactory results,” Yhe
curve "CY was drawn with cycles as ofdinat®s and motor speed as abeissa, It
gives practically a straight line which Bhows that the spesd varies directly

with the freguency for wide limitations.

At break down paint the current reachés 50 am@eres which is very inju-
rious to the windinss ahd therefore a fuse 1n the line is of the utmost 2m-
portance for the ppotection of the motor.

fdhe data shest shows the result of the tempsrature test @nd also the

locked test, The latter consisted of locking the gotor and raising the im-

[45]
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"$till the maximum point was reachsd, With 110 volts, 50

ampaTe were produced in the stator coils which would be bery injurious if

allowgd to rewain for length of time,




