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PERFORMANCE TEST OF AN INDUCTION MOTOR.. 

The induction motor in its Thctromagnetic features 

is essentially a traneformer,while in its general bohav- 

jar it is analogous to the continioue-curr3nt shunt wound 

motor. In a transformer the primary and secondary-members 

are both stationary and electrical energy is transfbrmed 

from one preasur to another by the ra-bio of the tiirnø of 

the tvo members. In a motor the electrical energy is tran- 

fórmed into mechanical energy by the action of the curr- 

ents of the two members. The iniuction motor consists of 

a stationary member called the stator and the rotating 

member called the rotor. 

The direction of rotation of a direct-curr:'nt motor, 

either series or shunt wound,remains unchange:T .vhen the 

direction of the cupply current is reversed. Thus any 

continious otor shou)d operato also with a]tornating 

currente. If,however,they are operated on a'ternating 

currents the ragnetic circuit as well as the armature 

must be made of laminated iron to avoid excessive heating 

due to cJdy currents. fleo the currents in th field and 

armature circuits must reverse simultanoously,since the 

shunt motor has the field c1ruit wound with many turns 

of fin wlre,the current in that circuit lags nearly 

ninety degrees behind the current in the armature. 

The large amount of inductance due to the field 

circuit winding does not prrit the instantaneous rever- 

sai of the exciting fied and consequently excessive 



Bparking occurs at the brushes. However this can be ontir- 

ely overcome by utilizing the al.terna'ting features of the 

current;that is,instead of 1eaing th current into the 

armature by cornmutaor and brushes,producing it thereiriby 

electromagnetic induction,.by closing thearmature conduc- 

tors upon thmselves and surrounding the armature by a 

primary coil at right angles to the field exciting coil. 

Going a st'p farther these two structuree can be combined 

into one by having each of the two coils fulfill the doub- 

le function of magnetizing the field and producing currents 

in the cecondary,vrhich are acted upon by the agnotization 

produced by the other phase. Also instead of using two ph 

ases any nw.ber of phases might be used. 

Since these conductors were closed upon themselves 

it is readily seen that the rotor of the motor corres- 

ponds to the secondary of a transformer when it is short 

circuited. 

In the firs aplication of this principle a copper 

cylinder was used for the rotor and the next step was 

the introduction of slits running nearly the ful length 

of the cylindor,or the rotor was simply built up of a num- 

ber of copper bars joined together at the ends by rings. 

This method was developed by Doirowoishy. However no 

attention was paid to the insulation of these bars from 

the iron core and consequcnt)y not enough current flowed 

along the bars to give the desired torque. This diffic- 

ulty was overcome by building the iron core of laminated 

pieces and insuating the bars !rom the core. 



This is the forni of the rotor principally used in 

small inuctian motors. Hovever there 1r a type of motor 

hving a wire wound rotor for the purpoe of varying the 

resistance and thus oro:iucing a high starting torque but 

the discussion in this paper deals only with the formsr 

or "zquirrel cage"tyoe of rotor. 

So far v'ry littlo has been said concerning the stat- 

ionary part of the motor called the stator. 

The core of th stator is built up of laminated iron 

unchings clamped together in a suitable frame. Th '.vindl- 

ng of the stator is iintically the same as that of the 

stator of a rotating fiend polypha alternator. Th 

.vinding is embedded in t.e iron core of the stator in 

closed slots thus reducing the amount of leakage reactance. 

.The transformer feature of the in1uction motor pre- 

dominates to such an extent thatin theoritical investiga- 

tions it is best treated as a transformer. 

The system of polyphase electromotive forces applied 

to the winding of the primary or stator of the motor,pro- 

duces a rotating magnetic field. This rotating field pro- 

duces currents ir. the short-citcuited winding of the rotor, 

and by its action on these currents drags along the secon- 

dary conductors,an this speeds up the armature and tends 

to bring i- up to synchronism,that is,to the same speed 

of the rotati-C uield,at v7hich speed the secondary currents 

would dissapear by the armature conductors moving together 

with the rotating field,and thus cutting no lines of force. 



If,hovever,the rotor should revove with the same speed 

as the rotating field no aines of force would b cut,no 

currents would be produced in the short-circuite rotor, 

no torque .iould result and the friction of the rotor would 

cause a decrease in speed. The secondary or rotor therefore 

slips In speed behind the speed of the rotating field by 

as much as is require to produce the secondary currents 

and give the torque nccossary to carry the load. The slip 

of the induction motor thus increases with in2rase of 

load and is approximRts]v tIereto. Inversely,if th rotor 

is driven at a higher 8pecd than that of the rotatingfield, 

the field drags the conductors back,that is,consumes mech- 

anica) torque,and the machine then acts as a brake or 

induction generator. 

A word might here be said regarding the frequency of 

the currents in the rotor. If the rotor were turned in the 

cr oite direction to that of the ro1ating field the freq- 

uency would be greater than that of the currents supplied 

to th stator. If the rotor were at a standstill the 

frequency would be the same and as the rotor accelerates 

in speed the perioclicity becomes ess arid less until full 

eynchronos speed is reached,when the frequency is zero. 

In the po)yçhasc induction motor this magnetic field 

is produced by a number of electric circuits relatively 

displaced in epace,and e::cited by currAnts having the same 

displacement in phase as the exciting coils have in space 

As is readily seen,a heavy starting torque can only 



be secured by having a great amount of rsistance th 

hort-circuited '.vinding of the ro1or, and this is not 

d-'sirable when the motor is operating at full load.. 

Consequently th usual forra of constant speed iructian 

motor has only an av'rage starting torque. it is seen 

that an induction motor does not run at absolutely at 

constant sneed. If a heavy starting torque viere never 

needed the speed could be a1e ver7 nearly constant, 

but th.3 average starting torque required of a :iiotor is 

above that required at full load.. 

The induction motor can be used för rore purposos 

than any other motor on the market. It is neat,light, 

and coi;act having no moving parts except the rotar 

which is soif contained,and it oerates eucceesfully in 

places vihere there is so much dirt that other motors 

would soon be ruined. It has no commutator and conseq- 

uently the fire risk caused by its uso is eliminated. 

It is simple to operate,requiring no attention except 

in its starting and stop.ng. The simplicity of its 

design makes it very easy to construct and thus reduces 

the cost.. 

PEBFORMANCE TEST. 

The performance test of an induction motor is most 

easily judged by means of a sot 0r load curves.. All the 

data' are plotted to kilowatts out-put as abcissae. The 

most important of the curves ar those of efficincy, 

power fact-or,speed,and torqu. 

The machine under test vrs & eatinghouse three 



phas inuetion mo1ar;develo'-ing 30 hors' powr,at 
310 vo3ts,frequency 60 cyc3es,epeed at ful3 1oad 1]0 
revolutions per minute. The rotor was o the "squirrel 

cage" type. 

The ibove mentioned curves can be taken Iron a 

brake or load test. However such a test is hard to nÀake 

on an induction motor besides it invo]ves a great .vaste 

of elictrical energy.. For tris reason a method has been 

-vihereby these curves may be calculated from data taken 

from the mot withuot loading it.. The tests necessary 

to obtain this data are three,naxe1y,thc resistance of 

th windings,the no-load charachteristic,.and the short- 

circuit charachteristic. 
TH01) 0F AKfl!0 T1STS. 

The resistance of -re dnding' can be obtained by 

what jE; known as the drop off potential method using 

direct current.. Tvo 4erniinals of the win'irgs are 

connected up to a source of direct current. Have in 

series with th- winding a suitable r];eostat,and an 

arimeter.. Attach the leads of a voltmeter acroer the 

terminals o±'the coil. Allovi a moderate current ta flow 

and at the sae time take readings of Volts and Amperes. 

The resistance is found from the equa.ion R equals F/I 

where R is the resistance in olms E is volts and I is 

Amperes. ,1ake three co:binations or tests hus,betwen 

1eds i - 2, 1 -3, 2. - 3,takirrg the average of sevDraI 

readings.If the winding of the motor is Y connected the 



rositnce t1us obtainöct will be te comb1d rgsianee 

of the two coii and muet be divided by two to obtain the 

reiBtaTice per coil. 

PhaBe Volts Lnj. P.es. Average P. 

1-3 4 40 .10) 

1-3 35 36 
) 

.097) .029 

1-3 2.0 20 
) 

.aCO) 

1-2 4.2 44 .095 

l-2 3.8 39 .098) .097 

1-2 3.0 30 
) 

.aoo) 

2-3 4.0 40 .100) 
.100 

2-3 3.2. 32 .100) 

Average Reeistance per ooi1,i .05 ohrn. 

The above data wa obtained eerimenta1ly for ue 

in th? calculation of the resistance o the winding8. 

NO-LOAD cHARA0}ITflITIC. 

Before making the test the iotoï should be allowed 

to rn idle for about thirtT iiimtes in order that the 

bearings may becom vieil lubricated. Th instruments 

necessary for t-he polyprhase board are,a voltmeter, 

amcter,wattmetr ard poly-phase board. 

The ipTessed e1etromotive force should be raised 

to about o% above th rated voltage and reduced in 

teps,taking readings for the different steps. In itak- 

ingthe toot the two wattor method was used on the 

assrnptiofl that one wire acts ar the common returnwire 



for thc currente flowing In the other two. The t'ol]ow- 

Ing data were obtained as the reeult of the experiment. 

Volt Amperes Watt_Tota]. 
Phase PhaBe Phase Watt 5 
A E A B A B AB 

150 151 9.6 9.6 -EsO 500 420 

140 140 8.8 8.8 -65 440 375 

]3l 130 b.0 8.0 -50 390 340 

125 125 7.7 7.8 -40 360 320 

120 12) 7.2 7.0 -3 340 302 

110 101 6.7 6.7 0 27 273 

95 98 6.4 6.6 0 245 245 

bi 80 5.E 5.8 &9 235 235 

70 70 5..3 5.3 43 )5 214 

65 65 5.1 5.1 50 160 203 

55 55 4.8 60 150 200 

36 4Q 44 4..5 72 :L35 192 

The columns headcd Volte are the reexing of vol- 

tage between the two mains and the neutral wIre. The 

readings in the coÏtrnn of Anpereß are the values of 

current flowing in the two mains. The readings in the 

column headed watts are the readings of the wattrneter 

of The power d1ivered over each of theniairis. As the 

power factor of the induction motor is usually below 5 

when running at no-J oad the wattmeter reading In one 

main is reveTsed with respect to that In the other rrain 

and consequently the smaller reading must be subtracted 

from thelarger to obtain the total power delivere9 to the 



motor. At voltages below 5O of te rated supply vol- 

tage the wattmeter readings are not reversed and the 

two reaing8 must be added to obtain the total power 

de ivered. 

SHORT-C IPCTTIT TflST. 

This tost is performed in exactly the same way as 

the no-load test with the exception that the rotor 

must be blocked to prevent turning. Care rnus be excrci&- 

ed in making this test that an excessive current is not 

allowed to flow through the windings a the current 

which the motor wil] take at standstill le coverai times 

theamount it will take when running at full bed. 

DATA P'OR SHORT-CIRCUIT TEST. 

lTolts Amperes Watte 

Phase Phase Phase 
A B A B A B 

61 57 39 39 bO 160 

50 47 32 32 560 lOO 

43 42 28 28 400 90 

3 38 24 24 320 80 

The results of the no-load and short-circuit tests 

ar better shown if represented graphically as shown on 

thefollowing curve sheet. The blue print fo lowing it 

i a diagraì of the connectiobs used in making the teet. 

THE CIRCLE DIAG1W.. 

The ethod,mentioned in a previous paragraph,for 

the calculation of the performance curves is by the use 
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of the cir]e diagram. 

CONSTflUCTION O' 19E DIAGRK!. 

As inica-ted in the no-Toad tes-t data the cirrent 

per phasa takeTi b the riotor at no load and a-t the rated 

vo!tag le 7 amperes and the tota'I power is 28vatts. 

All this power is- used to supply losses in the mo-tar. 

The comonent of the agnetlzing current parallel to: the 

lmpresed electromotive force is_Q_or'2.5 amperes. 
-1 

Thus he position o M on the diagram of plata four is 

found. 

0I the short circuit cur"ent cannot be found from 

the actual data,as the amount would be Injurious to 

the insulation of the wIndings. Since the ampere curve 

io a straight line,by proportion the short-circuit cur- 

rent is 70.4 amperes. The curve of watts is a parabola 

and ca-n be found bIT the eqiation iats = C or the power 

at rated voltage on short-circuit is 616 atts. The 

coponont of the current pa21el to T at standstill 

IS - 5.(3 amperes. 

This determines the position of OIE. Now draw the 

straight line 'roni Is perpendicular to MI8 druv 

15P. Now on !P as a r1jeter draw a circle through the 

point 13The fo1loing plate isa graphical represen- 

tation of the circle diagram. 

TJFE OE' TH CIRCLE DIAGAi'!. 

Lay off on O a sutable scale as the powr factor 

and with O as a radius strike an arc. Now take a series 
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of positionc of I on the circular loous,draw OP,pro- 

cucing it until it cuts the arc. Produce t:rds intrsec- 

tian to the power factor scale and read the poer fact 

Measure OP and MP.. From these values the table on plate 
three vas calculated thus; 

(1). Power delivered to stator equals OP x MP x 

p.F. 

(2). Stator lose equa1s x R. 

(z).. Power dlivercd to rotor equals equation 1 

ainus equation 2. 

(4). Electrical power veloped in rotor equals 

(5).Mechanical porTer developed in rotor equals 

equation 3 :iinus equation 4. 

(e). Total loss equals equation 4 minus equation 5. 

(7).. Slip equ-.ls 

equation 4 
(e). Speed equals synchronous speed iinus slip speed 

(e).. Torque equals 2 N.. 

(lo). Efficiency equals ratio of equation i to 

equation 5. 

he foflowing table shorTs the calculations made 

by the use cf the diagram. 



AMPERES AMPERES POWER STITOR POWER 
DELIVED IR DELIVERED 

OP MP TO LOSS TO 
STATOT WATTS ROTOR 
WATTS WATTS 

539 3..6' 280 

12.0 7..0 1043 7.2 Th1 

19..O 14.5 1828 19.0 1554 

27.0 21.0 2449 33.0 2161 

34.5 29.0 2849 59..5 2534 

45.Q 39..Q 3572 107.4 3210 

54.0 49,0 3'B 146.0 3401 

(continued). 

POWER ELEC. MECHAMICAL TOTAL SLIP 
FACTOR POWER POWER LOSS 

DEVELOPED DEVELOPED IN 
IN ROTOR 

WAT1' 
WATTS 

-- 

.63 ..3 279.7 259..3 ..00IO7 

.79 1.6 779 .0 264 ..O .002 i. 

.7 6.9 1547.0 281.0 .004 

.86 14.7 2146.0 303.0 .006 

.83 28.0 2506.0 343.0 .01. 

.75 50.8 3159.0 413.0 .015 

.64 76.9 3324.0 478.0 .C2 

(continued). 

EFFICIEN. SPEED TORQUE SYN 
CT R..P.L. CHRONOUS WATTS. 

- 1198 .037 
.747 1197 .103 
.845 1195 .194 
.876 1192 .288 
.879 1187 .339 
.884 1181 .432 
.874 1173 .46]. 

The following curve sheet is a graphical represent- 
ation of the above table. 
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C0TCI]T5 I0T. 

The grhical representation of the performance curv- 

es show that the power factor is at its raximuat about 50% 

load and the efficiency at maximum at cull load. !'or this 

reason the motor operate very satisfactory at an averag? 

load or about 7 tenths full load. At that point the load 

cn the motor may vary to quite a large extent without any 

ersept1hle v-riation in speed,the greatest variation be- 

ing in values cf torque and amperes. 

The spoed torque curve gives a good idea of hoi' the 

torque varies with only a slight variation in the speed 

of the rotor. 

The teste show that the motor to be a very effi- 

oient one throughout a great variation in load thus 

rking a good one for general use. 

Pespect fully suh:itted 

H.P.C.. 

F.D.B. 






