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The Inducior Motor and Performarce Test. 

induction motor is essentially a tr transformer 

and is analogous to the direct current chant wound ma- 

chine. In the transformer the primary and secondary 

are both stationary and the electrical energy alone is 

changed from one pressure to another as desired; while 

in the induction motor t. ^.e stator or field windings, co 

responding to t ̂ e primary coil in the transformer, and 

the rotor, corresponding to the secondary, by virtue of 

their action on each other produce mechanical energy 

which is utilized. In o`'-er Fords a polyphase induction 

motor is equivalent to -, stationary transformer with 

considerable magnetic betreen primary and sec - 

ondary coils. There is this difference, however, the 

rotor it r hick currents are induced is it nary rays 

equivalent 'magnetically. to that of a direct -current 

shunt -wound motor r. ith a large amount of arnature react- 

ion. 

The following discussion is confined mostly to 

that typa of machine in which the squirrel care revolving 

secondary it used. In its most primitive form it con - 

listed simple a disk- aramat.'.re as described by °aily 

in 1870 and due to (1888) , of the the fact that two, 

three, or more alternating ^v.rrer_ts of '=ifferert phases 

cc ~bin_ed produced E. rotating' field of magnetism. Later 

Ferraris in his exper rents used a copper cylinder. 
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A conductor carrying current, when passing through 

a magnetic field is acted upon b7 a force rhich is both 

at right 'angles to the; liner in such a field and to -.the 

direction of flow of the current. "'once for the best pro- 

duction of mechanical effects these currents Trust be led 

through strong fields of the proper polarity, +het is 

they runt follow a path under one pole in going one 

wad and in returning follow a path crossing a field of 

opposite polarity to that of the one they follor d in f~o- 

inc the opposite ra-r. It follows that the next step in 

the development of the induction motor was the introduc- 

tion of slits running nearly the full length (.4" the 

copper c'linde, , or to simply build up a rotor of a 

number cf bars joined to rings at the ends. TI-AF ' 1 idea 

was first developed by 'Dobrorolsk7 under the name of 

Schloss -ar_: e,, in its several forms however no attention 

ras paid to t-'e insulation of those bars from the iron 

core. The resistance of the iron ` o the flor of induc- 

ed currents., ra- so high that although the '-e was. a strung- 

field there raet not suffice induced currents 

to develope the desired torque. This difficulty was 

overcome by building, up an iron core of í nn ,a.lëd lEr'ina- 

tions and rhich was we21 insulated frog the copper bars 

passing throuMh slots in its surface. These precautions 

reduced the eddy currents which caused loss by expending 

parer in heating effect, and they also caused the in- 

duced currents to flor among the desired bars or con- 
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_,-,,Thi, brings- us to preert form o" rotor 

3:211y erplo,'ed in small rotors, a 'Squirrel -cage' of 

copper strips "r rods on an insulated cere 

iron, the bats bef ehort- circuited .. by copper rings at 

each end. 

Tt nay be said that the tre emmential parts of the 

induction motor consist of the sta ionary merbar demir- 

nated as the stator and a mrvin called rotor. 

The rindin 5 of the stator are exactly the same as those 

of pc2--ph me alternator and are orbedder9, insulated 

from, and nearly o1' !,,?ri_ ir slots in the of 

the laminated iron core. The rctor im built up am all 

ready dercribed gives the dimtin uishinen?re to this 

type of rotor. 

The. operation of a polyphase machine r: thi- 

kind 'Jepe.hc45 upon the magnetic. action before mentioned 

in connection ,,ith its discoverer. The alternating cur- 

rents, d;fferi'E in ph,?se relationship Tith ,:ch 

in the stator ,,,indincrm mét up 2 rota- field. 

A- the laminated iron core offer- lees: remist_-)nce to 

La retic lines then the murroi-ndinf-, -fr. 

they pass through the iron end cause polarization. The 

rots ting magnetic field induces a current ir the short- 

circuited windings of the rotor rich ir turn_ cans-. 

magnetic flux ir ' laninated iron crre -' th t member. 

The action of ' '71 rotating magnetic fie7c' of th mtPt.-r 

on the magsntic flux -f the rotor c-ue m it to totate 
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with. the polarity or magnetism of the t ̂tor. 
suppose than that rotor would 00ve with the tame 

freq'lenceo a8 the field which equal to that ., of the cur- 

rent divided number of pairs of poles, this however 

is not case. 

At '-r;.. point will be briefly condidered the 

induction motor in its frequency transformation action. 

It is apparent that 'Inlet's the rotor is standing -till 

the frequency ^f the current in the stater and. that o_* fi 

induced cizrrer,+ ir_ +h, --tor -ill differ. I" t,,A rotor 

were °loop turned in a . backward direction the p_riod- 

icitv of its would be greater than that flowing _s . 

*Í.1 the stator; at reel: t .9 would .frequency be the the mare 

in both +y ¡a,:.Fr w e r? nr?. t t' e prr +i renters; a 'the speed increased the alternations 

per -sré cond ì rbuld ,y:r^r 'less until if it ran ;.r awnchror<- 

ism its frequencv would be zero. Tt on account of o,,a +hi , 

low periodi ÿi t. of rotor c'I-rÿ^ert: r1,ot the 

iron- losses it its teeth are almost negligible. 

The rotor, - or pir,E 4prápt the patting tines C)r 

magnetism, i?n, has induced currents 8e'-. 
,ip ir it, +ti^.e T."eL'lrla,- 

ical reaction cf these currents drive t-e rotor i.- the 

same d.'.rectior_. Even at no load, when +re rotor attains 

i+± :,i t-.et,t speed, it fall! ',lightly short of 

iTr, iç it do:3m r,.t run at +he,teuT1e 

aped as t'-^e ir\risible field of magnetism.. "'her, at 

load it r'?n'a even ..-lower, in practice from two to three 

per cent or in small machine. as high as live and. ;:! per per 
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below. that of the revolving field. Thin dr-p (7!_341- 

t 

ated as the -lip, in an essential feature of all 

rotors, and hence their name anynchrononn, h which they 

are sometimes de °ignited. Tt 1.1 ir fact the .slip 7'-jr," 

,.ives the driving force:, its necessity in .pnarent from 

the principles of induction. 7f absolutely to :corer rare 

required to rotate the secondary there would be no 

slip; as the load Comes on the amount of lip_ increesn. 
If the rotor ran actually at full speed, that is in 

absolute synchronism there would be no relative .Motion 

aetreen the fluxes and the secondary -cnd'Ictorn ard 

no electro- rsotive- f-roes induced, no rotor currents, and 

no driving force!. The effect n' ship in cutting lines 

of force 4:= the same as if the flux. stood still and. the 

rotor revolved backyard at speed equal to the flip. 

Therefore the slip being small the ,currents induced will 

be s ̂ all; with' increase of load .there in increase 

slip and consequently increase of driving- forces; or in 

other word! the driving -forces are proportional to the 

slip and are automatically increased by it ir proportion 

40 the load. That in if re relect coper losses rd 

reactions inthe motor the slip in direc17 proportion- 

al to the rotor icemen. 

rote relatio!: of ?slip to the driving -paner -ye 

sea that it must also have a -relation to the starting, 

torque. The torque at starting must be in More 'cases from 

one and one fourth. to one ard one half thee of full load, 
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ry ̂ ile the n*'.ximur for conditions running, may vary aprrox- 

im tely from two and one fourth to two and one 'n - l f ---- 
of full load. T _ t'e corsetant -speed type of rotor,' only 

n average sy.lrting- torque is required. If the speed only 

was to be t ken care of the slip could be rade r».c?, less. 

A ^cava starting torque and lori starting current require 

a greater amount cf slip and dtpen_d directly upon it. 

The arguments in favor of the use of the induct- 

ion motor are many. They require very little attention 

and can be operated by anone. They are inexpensive, sir- 

in construction, and efficient in operation. TI- will. 

and many other places where dust or explosive -ases are 

prevalent and there is much danger from fire; since the 

rotor of the induction rotor receives its current entire- 

induction and not by conduction there is no nec- 

essity for commutator or brushes and resulting çpark- 

g and hence it is the ideal source of power for such 

places. In quarries mere the dust or neTlect would in- 

jure and give much trouble with }_. other machines the in- 

duction motor is completely protected. Its #implen_ess 

of construction and operation; its high efficiency and 

t c fact that it may be ran in .n., , r p, place ce 
r here a motor 

may be used for power, fully warrant" ite use, or at 

least due consideration before other kinds :-re instal- 

led. 

n?'. :'nI;1 :Ar'CE TEET_. 

,,,, features of induction motor_ 
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may be b =At fudged from a set of curves. A17 the data 

are plotted to horse -power output a.e abscissae; +r 

three most important curves being those of efficiency, 

plower factor, and speed. The curve of 'true H. P. In- 

put' is the volt- ampere input divided by 74e. The or- 

dinates of the power factor curve ara the ratio cf the 

true input to t':e apparent inpût. The performance 

curve shown on the sheet marked 'I' were calculated 

from losses in motor. Following is the exper- 

imental data taken from actual test and used in com- 

putations. 

The machine used in this test was of the General 

Electric Co. make, type T_, 110 volts and 52 amperes. 

Ten horse power rating, speed 1200, three phase. 

rotor was cf the 'Squirrel Cage' type. 
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AMPERES . VOLTS 
tTr^.T,T,(2 

: t"0?'nR : 
T,-17 

. 

LPEEEL. LEL Lp _ L 

* A 
B -----E .BC 

1 20 21.05'20: :117 :lÿ7 :117: -170 :?"0 :1245: 5 

2 20 25.? .2,5:118.ÿ10.119.-1.'75.200 :1260: 12 

4 20 :94 

4 75 :24 

5 ' 

25 :24 

ç 
: 25 '24 

7 ' 

3°'5'2o 

8 

Q " 

10: 

5 :n 

44 '70 

35 :70 

44 45 

45 :50 

26 

28 

:27 

:28 

34 

:117:117:117:-70 

:117:117:11-:0 

.117:117:117.20 

:117:116:117:70 

:11:116:116:220 

:470 

: 40 

:470 :1^50: 

:400 

:^40 

3 :115:11:115:240 .670 

35 :175:175.115.250 700 

40 :124:174:214:290 :840 

:48 :114'114:115:520 :1000 1210:.14 

52 :122:112:112:550 : 110(' 

:1250: 44 . 

:1250 : 44 

52 

:1250: 57 . 

1250: 0F 

:1240: 106 

.1240. 

:1220T 172 

: 1210 : 209 

The column marked them* contains numbers corresp- 

onding to the same lines in the table .of computed val- 

ues. 

The following- table of results is from tie above 

experimental data. The electrical power- input of a 

three -prase motor being measured by the so- called two - 

wattmeter method, one of the line rires, sar7, is 

assumed to be the common return for the ot'-er two 

rires: The total watts is then the sum of the watts 

A -AB and C -CB but the tw readings are only equal 

when the power factor is 100' and the load is bal- 
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arced -.. The induction motor load is ,Imually balanced but 

is always lane than 100% power factor hence one watt- 
4eter reading., ie alwayá smaller an the other. 

When porar factor of the motor becomes .lets than 50::f. 

the wattmeters be in to give negative readings and the 

potential leads CY!' the meter mist be reversed and the 
difference of readings taken. A five to one current 

transformer was used with the wattmeter no that the readings 

aunt al no be -multiplied by five. 

Total :Volt .Appa-+Tr--e 'IT. P. :17) '0----:Erri; 
Watte :Arrp,-.ent..7. :.TD. Out--; ]..- :ci. ,-:'T'rq--3 : 

:roe .r- I :T.-puip-t ?actr,rnc-, : 

* ; : 

s. .i. 

. 
. 

1 :750 : 4;.450:5.9' :1.04; 0 ..17-: 0 : 0 :.004 
. . . . 

2 ;1075: 45706.27 2.14: .4 :.27-):.715: 3.57 :.0095 
. 

: : . 
. 

7 .2000; 4723:5.74 :2.50;11A8:.4225: 21.-4 .027 
. . 

. . . 
. . 

4.:2300; 5200-5.9P .7.092.05.142:.555: 25.7 :.075 
. . 

. 

. 
. 

..478.501: :7.292.25 . 29.07 :.0415 5 :2450: 5170:5.9 
. . 

. . 
. 

. 

6 :2000: 5270:7.07 :7.-5:2.72..57 :.772: 75.5 :.0455 

7 :4700: 5200.0.72 :5.774.77.595:.025: 515 ::.n--7 
. . 

. 

R :4500: 5400:F.7 .5.04:3.00..595:.,'' : 55.5 :.0q51 
. . . . 

. . 

. 

. . 

9 :4750: 5500-1.74 .5.r1' '77 77 "6: ".89 : 

. . . 
. . . 

. 
. . . 

. . . 

10:5100: 74009.94 :0.2 7.15: .82:.875: 92.5 :.108 

11:7500: 092511.94:20.2:9.15: .R5: .1 : 122.55..175 
. 

128250; 1300:1271:11.0:51001 .87: . T: 174.4 :.17 

70 11 00000 

These values are used in Plottin curves on sheet 

marked 'II". 
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Baas Performance Curves from Circle Diagram. 

The above performance curvet and data may also be 

predetermined from a vector diagram (page marked "21'), 

as a "check" on the oba,rved readings. The actual load 

teats are avoided, wherever possible, an they require 

considerable expenditure of energy, and special appli- 

ar.cea to secure accurate results. For large size mach- 

ines the waste of power and arrangements for load rake 

actual teats impossible hence methods have been developed 

whereby the actual" performance of the machine, under load 

may be determined from a few simple readings 

taker at no load. 

The magneHizin current F in each phase cf the 

stator winding is determined b' driving; the motor at no 

load, the value of Y. effective is measured by an ammeter, 

and rt 

±^3 phase difference, angle ^0Y, between E(for one 

- -3. ,se) and i' cal ac »fated from the measured values of 

T i 
E and i, and the wattmeter reading E i:: cosine angle QOi.'. 

The line OF r ?71resen-in the iragret? -zinc, t7 , rt sc te-r^- 

ined, the point Y is the^ one point the or circilla.r locus 

nf the st ̂ tor current per phase. 

Another point or t'e . _role i; 
fo,ind by r.+eaw1rin' 

current and power delivered per stator phase at any load 

or at standstill. Therefore, if the current" and' power 

per stator phase is measured at standstill, the line OP 

representing this current may be laid off in the same ray 

s explained above for OIL`: 
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7/ 

Since the c t points IL and P' on the circle are. 

known and that the diameter is a line at right angles 

to 0 E' passing. through t., the line °' P" may be drawr 

ri ht a.r_F ̂ les to l :: P' and through the point i.:, thus 

the diameter P:: P' is determined and the circle may be 

drain. 

To use the circle dia rar the resistance R' of each ' 

phase of the stator winding must be measured and what 

is called the equivalent resistance R" of the rotor per 

stator phases Provided the rotor were wire -wound and 

had the sme number of conductors in each phase 

as the stator, R" would equal the actual resistance of 

the rotor Y, i -ding; the ^ "rr°ent per rotor chase would 

equal the load current I' in each stator phase and the 

T2p" lost of the rotor would be gI2R", -where q is 

the number .of phases. In any case the equivalent resist- 

ance of the rotor R" per stator phase is: Actual 

rotor 12f lost equals aI2R2 q being the- number of stator 

phases and I' the load current per stator phase. 

R' is calculated from the measured' current 

and power input per stator phase, R' having been measu- 

red, as follows. Input per phase minus E' times 0m mi- 

nus R' '.' II' 2, times (see pa e marked. "II") equals the r- 

for I2R loss per phase at stand till, this is then 

equal te I'2R' where I' is represented by 

Use of diagram. -- Having determined L'' R", 

perfcrna.ce curves are determined as hollows: Take point 
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P several positions on circular currant locus Amd 

each position calculate as follows; rotor intake 

equals tines share q it th4 number of phases. 

Poser factor of cic-r -ira of .nrle 

Total __ - c .77 ,T7,c1.5 tire, F' 
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