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y DEVELOPMENT OF REVOLVING FIELD. 

induction motor does not It is well known that the single 

ave a starting torgue. After the motor has been brought up to speed 

it provides itself a rotating magnetic field by the reactions of the 

rotor currents upon the stator flux. That such is the case may be 

shown non-mathemetically. Assume a two-pole motor (plate I) the stat- 

or winding of which is supplied with a single-phase elternating cur- ae ¥ is o - 

rent, producing an the poles 4 A'. The ro- 

tor currents produce 2 f at right ang] to the main field, and 

for convenience by the poless B B'. In 

commercial machines no such empty hole spaces exist, as practically 

all of the stator is covered with coils. 

The inductors of the revolving rotor have emf's induced in them 

due to two sctions, nsmely motion through the field znd the time rate 

of change of the flux treading the coils. The first we shall designate 

as a rotational emf. and the second as a transformer emi. 

The inductors a a' will always have a rotational emf. set up in 

them except when the through zero value. The ampli- 

tude of this emf. for any given will be proportional to the in- 

staptaneous value of the stator flux. Conductors a a ' may be consider- 

ed equivalent to closed coils, and the current flowing in them will 

produce 2 field in direction B B'. Neglecting temporarily the I 

drop in the rotor, the emf. induced in a a' may be placed equal 

3-4, where gr denotes the cross field developed by the currents due 
d 
to the motion of the rotor in the main field. The rotationsl emf. is 

in time phase with the main field, hence the cross field ¢r will be 

ture with it. The direction of the main field and the 

m
 

in time guadr 

motion of the rotor inductor are such that the emf. generated in a af 





is positive. The rotor currents are in such direction that when 

pole A is of north polarity znd decreasing, pole B will be of 

strength one- 
like sign but increasing, reaching 11s me 

quarter of a period later. The strength of pole B decreases f= 

ter a similar lapse of time, the malin fie 14 reverses znd a 

and guadrature field so combine that a north pole travels around 

the stator in the direction A B A'B at synchronous speed. Hence 

there existe a rotating field produced by the combined sctio
n of 

stator and rotor currents. This simple explanation gives an ides 

of the production of the rotating field inthe simple-phase in- 

duction motor, but it does not consider all the reactions which 

oecur. 

Phe inductors b bY moving in the quadrature field have a 

rotational emf. induced in them, in the same manaer as those 

passing through the main field, =nd this is of meximum positive 

value when the north pole at B attains its highest value. In ad- 

ber
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dition to these two rotational emfs. the varying fields A 

B B!' set up trensformer emf's. im coil groups b'b' and go &' res- 

pectively. Conseguently, there are four emfs, to be considered 

before the actual rotor currents which produce the quadrature 

field cen be determined. 

Phe rot:tions emf. induced im inductors a a' is of meximum 

positive v= lue when the pole A is at its greatest north polarity, 

hut the transformer emf. set up in these bars by the guadrature 

field Ls at the same moment of 

ctual emf. (Ba) existing in A A' is the algebraic sum of these 

the rotational emf. due to the main field must be 

grester than the transformer emf. of the guadrature field; in fact 



the latter is of such strength that the actual emf. (Ra) will be 

just enough to establish the current which produces the field B BT. 

Since this quadrature field is at right angles to the mals field, 

its m.m.f. cannot be furnished directly by the stator magnetizing 

current, so we must investigste further fo seee how it is taken, 

as it must be, from the line. It must be remembered that the im- 

pedance of the rotor coils is here assumed to be such that the I 2 

drop is negligible; if this is not the case, the rotationsland 

transformer emf's will not be in time opposition snd their vector 

sum, instezd of algebraic sum, must be considered. 

The mein fleld, by transformer ection, induces an emf. in 

bars b b', and this is opposed to the emf. developed in the same. 

inductors by their motion through the quadrature field. The re-~ 

sultant emf. (Bb) in these conductors sets up a current affecting 

the main field and consequently the current drawn from the line. 

The currzsnt flowing in conductors b b' due to Eb is equal to that 

existing in bars a a', which latter is that producing the cross 

m.m.f. moreover, the current b b' is im such direction that it io- 

creases the magnetizing current taken from the 1ins, the increment 

being that which would be necessary to directly magnetize the quad- 

rature field. The reluctance of the cross field's magne tie ciremnit 

is substantially the same as that of the main field, consequently 

the m.m.f. required for both will be the same, and obviously there- 

fore, a two-phase motor run on one phase will draw twice its normsl 

magnetizing current. This conclusion is borne out by actual pract- 

ice, tests showing that the magnetizing current of a single-phase 

motor is double that taken per rhase by a two-phase and three times 

that required by & three-phase machine, the potential difference, 

frequency and turns per phase winding being the same. 



At synchronous speeds the two component fields are of equal 

strength; accordingly they combine to give a circularly rotating 

field. Below synchronous speed the rotating emf. in the bars a af 

is reduced in inverse proportion to the slip, and thus the quad- 

rature field diminishes, while the main field remsins constant. 

The maximum torque which a motor is capable of exerting, 

other things being equal, depends upon the average value of the 

maghetic field in which the rotor moves. This mean value, neglect- 

ing I R drop and leskage, is in polyphase induction motor inde- o
q
 

vrendent of the slip, while for the corresponding single-phase 

machine the average value of the field decreases as the slip in- 

creases; thus the pull-out torague of a polyphase machine con- 

nected single phase will be less than whet 

The single-phase induction motor tested was started up as 

& repulsion motor, When the speed reached 1500 revolutions per 

minute, a mechanism moving by centrifugal force, lifted the 

brushes from the commutator and automatically short-circuited 

the commutator thus making the motor a squirrel cage induetion 

a
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motor. When the switch was opened and the motor was stopping, at 

the speed of 950 R.P.M., the mechenism went back to its stand 

still position thus pulling the brushes back on the commutator 

and removed the short-circuit connection. 

MOTOR. THE RE 

F 
The main field or stator is connected to the supply lines 2

d
 

while the wound armature is short circuited through brusl 

ed 180 electrical degrees apsrt. The repulsion motor is 

— ally a transformer, with the prirery winding snd cere stationary. 



The Secondary is like an ordinsry direct-current armature, in 

ile the short- which the armature conductors and core rotate, wl 

circuited brushes srestationsry. Hence, while the conductors in 

the secondery winding rotate, the secondary circuit remains in a 

definite positionfiith respect to the stator. In the repulsion 

motor as in the single-phase induction motor, there are trans- 

former and speed fields, whose reactions with the armature cur- 

rents produce the desired torque. 

ry
 

At standstill the speed field is zero and the starting 

torque is produced by the reactions between the induced armature 

current and the stator field. The gnitude of the starting 

torque depends upon the relative sition of the armature brush- 

es and the direction of the stator field. If the brushes are in 

line or =% right angles to the direction of the stator field 

flux, no torgue is produced. tH] x 

~ 

-HEAT RUR- 

The motor anteed by the manufacturer that the tem- 

ade under perature rise wil exceed forty degrees Centigr ’ 

continuous operation and full load. A test run for 4wo hours 

and forty minutes with eighty per cent full load. 

f- ter was so placed that the temperature of the thermome 

field windings could be measured. The load on the induction mo- 

tor was absorbed by & direct-current motor run as a nerator. { $1
9]
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This generated power wes absorbed by & rheostat. 

The data for this test are on sheet number 10; curve on 

plate TI, 



STARTING CURR 

un 
To determine the starting current and the starting torque, 

me G- the rotor was locked, and at reduced voltage readings of 

er, voltmeter =nd wotbtmeter were recorded. Since the power fact- 
’ 

or remains constant these readings were raised to what they 

would he 2% 110 volts. The current varies directly as the volt- 

age applied, and the watts vary as the rstio of the currents 

otor with & prony- 

the motor is a repulsion 

motor because the commutator bars are on upon eircuit and the 

07. 

Data are on sheet number 12; curve on plate III. 

To determine the different speeds at which the motor ch 

ed from the repulsion to the induction motor, znd hack , 8 

achome ter was used 10 measure the revolutions per minute. The 
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¥ [0
] 1 motor was run at no load and a reading was 

pulsion motor nged to inductions. When the switch 

another reading was teken when the induction motor changed back 

y 
into repulsion. When the motor changed from one to the other 

sion motor changed to the induction type et 1500 r.p.m. When the 

switch was opened, the change occurred at 950 r.p.m. 



uetion motor with a2 variable load is equivalent to 

girot having constant reactance and varisble resiste 

rm 

hence for variable load the locus of the secondary current is 

polyphase induction motor only two sets of readings 

are required, namely, 2% no load (corresponding to open second- 

ary on a transformer) end with rotor locked (corresponding to 

short eircuit conditions for a transformer). When the rotor, 

of the mot : d was locked, the conditions were those of 

repulsion mot & S adings tsken here would not be on 

nding circle diagram for an induc tion motor. 

emperes, volts, =nd watts were tsken at no 

gives the magnetizing current, and the 

core losses windage, and friction. The magnetizing 

durrent has compouents in time phase and time quadrature with 

the voltage and their magnitudes are determined by the amperes, 

volts, and watts taken at no load. To obtain other points on 

the circle, readings were taken at different loads. The cur- 

rents corresponding to these loads were platted on the diagram 

end through the terminals of these current vectors, a circle 

drawn, which is the circle diagram. 

"he resistance of the field circuit was determined by con- 

necting an ammeter and voltmeter on the line, using direct- 

urrent, and teking consecutive readings of «mperes and volts, 

+ 
amount 

es 

of current flowing being changed by a variable rheost- 



On the circle 

FA is primsry current. 

OA "VY gecondary current. 

FO "" magnetizing current. 

AF "7" input in watis., 

DE "" core loss, windage, friction, and no load 

dp ry loss. 

BC "" secondary copper loss. 

In order to draw the line 0C, the point C is found by 

corresponding to the number of watts 

eorrespond ing to current at A.(Point 

A is locus point of current at 125 per cent load). 

Since the voltage generated depends upon the rate of 

Is] 
cutting lines of force, the secondary voltage is proportion- 

. 

8l to the rotor slip. Likewise the reactance in the rotor 

circuit is directly proportional to the frequency of the sec- 

ondary current, and hence, also to the slip. 

For this reason. 

rotor loss 
Lil mw esos om BE 

rotor input TIT 

Hence, the point B can be found. Through this point draw 

the line 0B, and it will intercept the circle at the point cor- 

responding to the current at locked load. 

The data for the circle disgram are on sheet 

To obtain deta from the circle diagram for the perform- 

ance curves use the following formulse: 

Power factor = AB 

Rfficiency = AB D; IE. 



DATA-~-HEAT RUN. 

TEMP. °C TEMP. RISE PINE TEMP. °C TEMP .RISE 
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ESTIMATE OF FINAL TEMPERATURE, FROM PRECEDING TEST. 

FO LOAD READINGS 

- 110 

19.78 

54.0 

Iron loss is approxima 

of impressed voltage. 

Temperature rise is 

So at end of the hes 

tely proportional 

I2R Toss = 26.6 WATTS 

WATTS IRON LOSS= 513 

$0 1.6 th. power 

=v
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IRON 

TOTAL 

197 WA 

513 

894 WATTS 

$0 power loss, 
I~ 52 BMP. 

3% with full load, and 
B= 110 VOLTS, 

temperature rise should be 894 X 31.1 = 38.92 °C. 



DATA RE. M. F. -- TORQUE. 

(Corrected Readings) 

B TORQUE '# 

120 63 

110 59 

89.8 49 

62.8 31 

88.5 25 

58.5 23 
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DATA--MEASUREMENT OF FIELD RESISTANCE. 

~-{Corrected Readings)- 

: VOLTS: AMPERES: RESISTANCE; 
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0.056 0.822 0.0681 

0.0628 0.918 0.0684 

8.0775 1.132 0.0684 
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0.1522 1.925 0688 

0.156 2.297 0.067 Q
 

0.204 2.97 0.0681 
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MEAN RESISTANCE 

MEDERAMITRD 25 °¢ 

Weston Millivoltmeter No. 13962 

Weston Millivoltmeter No, 7864 (with 

Resistance of field at 25 °C 0.0684 ohms. 

Resistance of field at 0°C = 0.0619 ohms. 

oe 4 | pr Resistance of at 44° CO = i field 0.07334 0hms. 

(Using a temperzture coefficient 8 0.0042 

S 0.6684 OHS 

shunt). 

at 0°). 



= MTR em 
BRR A 13 aE 

1 2 3 4 5 6 7 8 

PRIMARY - PRI 

110 19.45 540 0.262 75°36! 0.9677 27 bla 

25 1195 0.488 60°48' 0.8729 33.7 513 

110 24.35 1463 oO. B6°B4t 0.8517 40.4 bla 

110 29.6 0.7040 2.6 bla 
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TOTAL SEC.I 
MI4V=715) OUTPUT 

b.98 4.9 0.0076 643.6 0.862 b3.8 99.24 

8.55 10.03 0.0114 899.3 1.195 61.45 98,4 

16.2 36.0 0.0207 1699.4 2.275 75.6 87.93 

19.32 Bl.Z 0.0247 20 

71.5 0.0295 
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41.6 237.5 0.0565 4074.8 5.47 8l.4 94.5 
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DATA == ALIBRATION OF INSTRUMENTS 

2 AMMETER NO. 17396 

CORRECTIOR STANDARD AMNETER CORRECTION 

47.1 46.6 +0. 1.23 1.235 -0.005 

b8.4 47.9 +0.5 1.325 1.532 ~0.007 

-0.0055 

895.15 95.25 -0.1 1.835 1.88 +0.005 

100.2 100.35 -0.15 25 2.15 +0.01 

108.1 103.45 ~-0.25 2.395 +0.03 

114.4 T1Z.7 -0.3 £2.82 2.80 +0.02 

110.58 110.2 -0 5.52 5 YO 

5 « 64 3 64 0.0 

BEE A ; 
Lal 1.18 Vel 

dame OF ROA 
LUTE Z'f. . 
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CORRECTION. 

2. 112.53 25 
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KEUFFEL & ESSER, CO., NEW YORK, NO. 334 C. 
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