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PREFACE,

The object of the tests on the Induction liotor was
to obtain all of the dats possible for the comparison of
the different methods of determining the efficiency of
this type of Alternating Current apparatus;and to become
familiar with the different methods used cormercially for
testing the efficiency of motors,

Data was taken for the different tests and curves
Plotted from the calculated results.These curves furnish
an easy and accurate method of comparing the relative
merits of the different methods,

A study was made of the different kinds of brakes
used for the Brake Test and the kind shown ir our sketch
was finally selected.We are indebted to Prof. Polson for
advice on this subject. The main reason for selecting

the type of brake used was that the length of the brake

amm is constant at all conditions of 1load,

R.P.K,
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LIBT OF APPARATUS USED,

LOTOKR
G.E.Induction lfotor # 183030,
Type: KT=-65A- 1200 - Form C,
60 cycle,5 H.P,, I200 E,P.l,
I3,2 Amperes, 220 Volts,

WATTIFTFRS : .
Veston A,C, Wattmeters # 207 and # 208,
i0del 3I0, llax, capacity 20 amperews,
High range in volts 300, low I50,
High range in watts 3000, low 750,

Weston Porteble A,C, Wattmeter

llax, capacity 25 amperes,

High range in volts 300, low I50,
High range in watts 6000, low 3000,
Lodel 16, # 4995,

CURRENT TRANSFORLERS:
Weston Switchboard Current Transfoimers.
Uodel 236,Type I,# 330, # 325.
Amperes 25 - 5,
Line voltage 2200,Frequency 25 - 125,
VWatts 5,

AILETERS: o
"eéston A,C, Ammeters,
Yodel 155, i 8892, Range 5 amperes,
llodel I55, # 8889, Range 5 amperes.
Model 155, # 16615, Range 25 amperes,
Yodel I55, # 16451, Range 50 amperes,

VOLT!TTER:
Weston A.C, Voltmeter.
llodel 156, # 4143,

ZRAKE
Rope Brake as shown in blue print.

SCAIES: .
Platform scales,Range on arm IO #, Max, range I00

STHED COUNTER.



BRAKE TEST,

The object of a brake test on any motor is to obtain
the data for calculating the E.P, output and input of the
machine,

To do this suitable electrical measuring instruments
are placed in the line and their readings,multiplied by
some constant,will the power input into the machine,

The output is measured by means of the brake and from
these two sets of readings the efficiency is determined.

The set up was made as shown in the wiring diagram
consisting of two wattmeters with the current coils
connected in the two outside leads and the potentialcoils
connected across the middle lesd and the line in which the
current coil was connected., Ammeters were placeq in the
two outside lines and a voltmeter across the lines,

The voltage was held at the name plate value of the
machine and simultaneous readings of all instruments were
teken, The scale welght and the speed of the motor were
recorded,

Using the formula: .

H,P, Output=2 ¥rW1ln
Vhere W= Weight at end of the arm,
1= Length of the brake arm,
n= R,P,}, of the motor
the H,P, output was calculated for each point of the test
end the efficiency of the motor determined from the

formula.:



BRAKE TEST # I.

DATA,
Vg R.,P.l.., Volts. Amps Amps., VWatts Vatts,
AB A B AB BC

0 1210 220 5.05 5.25 620 - 360
2 1185 220 5.15 5.30 680 - 3I0
4 1185 220 5.15 5.30 740 - 220
) 1180 220 5.39 5.45 840 - 180
8 1175 220 5.40 5.50 866 - 120
10 1170 220 5.50 5.35 920 - 80
15 1170 220 5.75 5.85 1060 + 40
20 1170 220 6.15 6.%5 1200 + 160
25 1170 220 6.65 6.85 1400 + 320
30 1160 220 6.85 g.zs 1490 + 450

5 1150 220 g.65 .00 1680 + 600
0 1150 220 .50 8.90 1870 + 760
45 1155 220 8.90 9.30 2020 + 880
50 1155 220 9.75 10,15 2220 1020
54 1155 220 10.35 10.50 2390 Ilgo
60 1150 220 11,50 1I2,25 2640 1380
65 1140 220 12,90 13,00 2800 1540

Radius of pulley plus I/2 thickness of rope = ,344 ft,

Calculations for Brake Test,

HP, Secccecan-- x R.P.M, x load in pounds = ,00C0656xkKPLxV

= .0000656 x 1140 x 65 = 4.8 §
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Total Watts
Input,

260
250
660
46
40
1100
1360
1720
1940
2280
2630
2900
3240
3580
4020
4340

BRAKE TEST # I.
(°°ntinueé)
RECULTS,
H,P,
Input.
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BRAKE TEST # 2.

The efficiency curvee from Brake Test # I ,the Circle
Diagram and the Loss method,while checkirg within 3 % at
the full load point were over 5 % different at the quarter
and half losd points.Not being quite sure of our results
from the first set of readings, we ran a second brake test

on the same motor and under the same conditions,

DATA .
Wt.#. R.P,1f, Volts Amps. Amps. Vatts Vatts.
AB A c AR BC
0 1200 220 4.9 4,9 560 - 360
5 1195 220 4,95 4,95 680 - 190
10 1193 220 5.1 $.1 820 - 30
15 1180 220 5.55 5.5 960 + 120
20 1180 220 6.1 6.0 1160 +280
25 IIZO 220 6.7 6.7 1320 + 380
30 1165 220 g.3 g.3 1440 495
35 1160 220 .0 .0 1640 630
40 1155 220 8.7 8.75 1820 790
45 1150 220 9.5 9.6 2040 980
50 1145 220 10,2 10.3 2200 1080
60 1140 220 12,0 1I2.0 2560 1390
0 1130 220 13.5 13.g 2600 1640
0 1120 220 16,0 15, 2400 1900
RESULTS,
Vt.#, Total Vatts H.P, H,P, Efficiency
Input, Input, Output. %
5 490 656 .331 59.8
Io 780 1,060 .781 g3.8
15 1080 1.45 1.16 0.0
20 1440 1.9 1.55 80.5
25 1700 2.2 1.92 84.0
30 1935 2.59 2,28 88.1
35 2270 3.04 2,67 87.7
40 2610 3.50 3.02 86.4
45 3020 4,05 3.39 83.8
50 3280 4,40 3.73 85.2
60 3950 5.2 4.4 84.g
70 4240 6.69 5.09 88.
80 4300 7.1 5.89 83.0






CIRCLE DIAGRALI,

Actual load tests on Induction liotors are avoided
whenever 1t is possible because they involve a consider-
able expenditure of energy and require special apnliances
if accurate results are to be obtained, In machines beyond
a certain size the waste of power and the arrangements for
load makxe load tests practically impossible, Therefore
meothods have been developed for predetermining the perform
ance of the machine under actual load conditions from a
few simple readings tasken at no load, One of these methods
is by means of the circle diagran,

Ve will first explain the theory and the construction
of the circle diagram and then give the proof of its
accuragy, 1 |

I,

—

Let OF in the figure represent the impressed voltage
in one of the phases and 0I the current in the same phase
at a certain load. The angle f between the two them cor-
responds to the power factor of the motor at this load,
Theory and experiment both show that, when the load is
varied, the current changes in such a way that the locus

of 1ts vector is represented by a semicircle I IK
o



The current at no load is represented by the vector OI,
The current is small and the phase angle EOI,is large, the
vower factor being low, The no lozd current may ve cénside
ered as consisting of a wattless component Om, which pro-
Auces the magnetic flux, and a power component =0,which
overcores lron and friction loss in the motor. As the load
increases, the point I moves along the circle, the value
of the currenﬁ increasing as well as the power factor,When
the motor becomes overloaded the power factor decreases
again, due to a more pronounced influence of the megnetic
leakage., When the load is such that the motor stops, the c
Current it takes at standstill is represented by a certain
vector OI, , This current is called the short circuited
current or the current with the armsture locked, Thus if
the circle has been determined for the motor, the power
factor Cos @ may be measured from the diagram for any
glven value of the current input OI,

The proof of this can be verified by experiment with
an accurate load test by plotfing the vectors of current
to the observed value of the phase angle Z. It will be
found that the load points lie on a semdcircle,

The circle may be constructed knowinc only one point
on it, if in addition, the position of the point I is
known. Ae such a point , the point I is usually selected,
the vector OI; representing the cufrent with the armature
loeked, Yo brake is really required in either case and the

readings are both simple and accurate,



0I veing the vrimary current, its component Id in
phaee'with the voltage OE renresents the working component
of the current;therefore Id multiplied by the voltage,
givew true watts input per phase, The circle gives watts
input and the value of the power factor for any gilven value
of the primary current,

Output, torque, slip, efficiency, im fact all the Adzta
1cgassary for plotting the performahce curves may be pre-

determined from the circle diagram,
PROOF OF THFE CIRCILE DIAGRAM,

Instead of considering the rotor revolving and deliver-
ing mechanical power, it may be assumed as locked and loaded
electrically on non-inductive external resistances,The same
currents can be produced in the primary windings, by suit-
2bly varying the resistences, ss if the rotor were revolving

and were loaded mechanically,
y D
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By sstopping the motor the secondary induced emf is in-

creased n, & (n, - ne) times , where n, is the synchronous
speed of the motor, and n,is it s actual speed. The revolv-
ing flux cuts the secondary conductors at a rate proportional

to ( n, - n,) when the rotor is revolving ; with the armeture

locked the speed at which the conductors are cut by the flux



is equal to n, . The frequency of the secondary currents
being thus greatly increased, the reactance of the secondary
in thereby also increased the same number of times., By add-
ing such an external resistance that the rotor resistance is
is incresed n ¢ (nl- nt) times, the same current and the
same electricel relations are obtained in the secéndary as
with the rotor revwolving; consequently the primary current
will have the same vakXue and the same power factor, Vary-
ing the exterhal resistsnce is equivalent to varying the
byake load with the armature revolving. In this way the
Induction motor is reduced to a stationary transformer with
an abnormal leakage and with a secondary load of non-induct-
ive resistances , varying in value from 0 to infinity,.

Such a transformer can be replaced by an equivalent res-
istance and an equivalent reactance and the problem is then
reduced to mereky this;A non-inductive load is connected to
a constant potential line, with some resistance and some in-
ductance in series with it., The locus of the current vector
when the load changes from zero to infinity is to be determineéd
This can be solved by the use of the above figure.

' CD represents the vector of the line voltage, which is
constant; CI is the current at a certain load., CF, in phase
with the current,yepresents the resistance drop. BD, perpen-
dicular to the current vector represents the reactive drop;
CD the geometrical sum of CF and FD is constant, As the

latter two vectors are perpendiculer to each other, the
noint F moves on a sémicircle having CD for its diameter,
The equivalent reactance being constant under all conditioms

of load, the vector FD represents the current to a certain

scale and id@ proportional to it,.



Thus when the load varies, the extremity of the vector of the
current moves on a semicircle, This semicircle CIK, has its
diameter perpendicular to the true position of the current x
vector,This proof applies to the induction motor, since it

has been demonstrated that the circuitse in the two cases are
electrically equivalent. The only difference is thét in
addition to the losd current CI, the inductiom motor takes

a magnetizing current Om and a small power component mC for
overcoming iron loss and friction, This brings the total pri-
mary current to the value O0I and this figure is identical with

thiat of the circle diagram of the induction motor,



CIRCLE DIAGRAII TTST,
DATA,
EXCITATION TEST,

Volts,  Amps Amps, VWatts Watts Amps. Total
AB A (o] AB, BC. Av, Watts,
250 6.60 6.50 00 - 560 6.70 40
235 5.60 5.20 10 - Zgo 5.20 ,%80
220 5.06 5.60 600 = 360 5.32 ~ 240
203 4,57 4,55 510 = 280 4,5 230
190 4,15 4.15 430 - 2I0 4,15 220
175 3.71 3.74 360 - 180 ° 3,72 180
160 3.46 3.45 330 = 160 3.45 170
145 3.04 3,01 250 = I20 3.02 130
120 2.52 2.55 190 - 70 2.54 120
RESULTS FROM EXCITATION TEST.
Rated Voltage, Watts Input. Amps, Input,

220 252 5.2
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CIRCLE DIA GRAI! TEST,

SHORT CIRCUIT TEST,
DATA,

Volts, Anps, Anmps, Vatts Watts Amps Total

AB, A, c. AB. BC. Av, Vatts.
48 11.9 12.0 70 5 12, 75
50 16.0 16.0 40 20 16.0 260
56 18.0 18.1 890 25 18,05 915
62.5 21.5 21.5 Iaoo 45 21.5 1345
80 25.5 25, 1 20 85 25,6 1915
102.5 32.5 32.8 2960 200 32.7 3160
122,0 39.5 40,0 4360 370 39.7 4730
140 61380
160 8210
180 : 10410
200 13000
210 14300
220 15775

The last six values of the total watts were calculated

from the pow=sr component.

RESISTAIICE OF STATOR WINDIIGS
By

DROP OF POTENTIAT IETHOD.

Phase Amperes, Volts Drop Resistance.
ohms,
AB. 14 13 .93
I2 I2 I.00
17 17 I.00
ean . .99
BC 7 7 I.00
11 II I.00
17.5 17.0 <9
I 14,5 .9
Mean .99
CA 17. I17.0 . 97
Ig.g IZ.O I1.00
9.5 9.5 I.00
7.0 7.0 1.00

llean .99









CIRCLE DIAGRAM TEST,.
COMPUTATIONS.,

App. H.P, input with Armature locked = 1, BEf37/ 746

is= Current at rated voltage = 71 amperes,
= Rated voltage = 220

H,P, = 71 x 220 xY3' / 746 = 36.25

% Power factor= = True_power input x 100

Apparent power
input.

Watts
ie ET; x 100

15380
7g-i =555 i?;F x I00 = 58,4 %

App. H.P, input with no load = i, BY3/ 746

i,= Current input at 220 volts, no load,
=52

H.P, 53-..52529-’.5[:.--— 2,65 H,P,
% Power factor = ?ééts----x I00
o

"
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M
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CIRBLE DIAGRAM TEST,

RESULTS .
E,P, Output H.,P., Input % Efficiency.

. .91 . 55.0
I.g I1.51 66.2
1.5 I1.94 7.4
2,0 2.50 0.1
3.0 3.60 83.4
4.0 4,76 84.2

.0 .9 4,0
2.0 ;.2g 83.4



EFFICIENCY TRO! LOSSES,

The losses in an Induction lotor consist of copper loss
in the stator and copper loss in the rotor;friction and wind
age. The rotor copper loss is proportional to the slip and
is expressed in per cent of the slip.

No load current = In

No load power = Wy

Primary resistance per phase = Rp
Primary no load copper loss = Ii Rp x 3/2 = an

Iron and friction loss = No load power.

Input = no load primary copper loss = Wn - an = Wpy
Power input at any load Wy, Current = I,

Primary copper lose = I2 x Ry x 3/2 = Wpx

Output + Sec, copper loss W, = (be + W?I) = Vg

Input into the sefiondary,
Secondary copper loss = W, x Slip / I00 = W,
Output = Secondary input - Secondary copper loss
=Wg =W, =W,
Efficiency = W, / Wy
IETHOD,

The motor was loaded by means of a brake and the follow-
ing readings taken for different loads;- Volts, amperes,
watts and speed, Readings were also taken at no load and the
resistance of the windings measured by the drop of potential

method,



RPN,

1210

1195
11

1183
1175
1170
1170
1170
1170
1160
1150
1150
11

1:§§
1155
1150
1140

Volts,
AB

220
220
220
220
220
220
220
220
220
220
220
220
220
220
220
220
220

EFFICIZNCY BY LOSSES,
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EFFICIEXNCY BY LOSSES,

RESULTS.,
Watts Current 5 Input Secondary
Input. Amps, I<R loss. Slip. To sec, Copper loss,
252 5.20 40,2 0.18 0.0 0.0
370 5.22 77.5 I.24 80,7 I.0
520 5.23 7.7 1.65 230 5 3.8
660 5.40 0.2 2,06 3 68. o 7.6
46 5.45 8I1.0 2.48 2 11,2
40 5.52 82.0 2.89 46,2 15.8
1100 5.80 86,1 2.89 02,1 23,2
1360 6.25 93.0 2,89 1059.2 30.5
1720 6.75 100,1 2.89 1408.1 40,7
1940 7.05 104.9 3.82 1683.3 64,4
2280 g.as 116.5 4,55 19 g:.z 89.0
2630 .70 129.0 4,55 22389.,2 104.0
2900 9.10 135.0 4,30 353 2 109.5
3240 9.9% 148.0 4,30 80,2 124.0
3580 10.42 155.0 4,30 321I3.,2 138.0
4020 11.87 Ig .0 4,55 3631.2 165.0
4340 12,50 6.0 5.36 3942,2 212.0
Watts Output. Efficiency.
0.0 0.0
79.7 22-g
226,7 3.
360.4 54,6
4420 99.4
530.4 63.0
778.9 70.6
10247 75.5
1367.4 g9.5
1619.0 3.3
1862.7 81.7
2185.0 83.2
2444 .0 84.5
2776.0 85.5
3025 86.0
3466 86.2
3730 86.0



Resistance of one phase = ,495 ohms,

Primary no load copper loss = I°R x 3/2
= 5,202 x .99 x 3/2 = 40.2 Vatts

Irom and friction loss = No load input = no load copper loss,

252 = 40,2 = 211.8 Watts,
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CONCLUEION,

In swmmarizins this thesis the followinc features- and
characteristics have been showmn:=-

The circle diagram methed of testing for the efficiency
of Induction llotors is much to be preferred to the brake test,
WVith the latter method,‘vibration makes accuracy with a
light load practically impossible, With the circle diegram
method only a few readings need be taken and the method is
very accurate,

The Los® method while giving results very close to those
ohtained from the circle diagram; possess the same disadvan=-
tages as ‘the brake test, The difficulty of holding the load
constant while taking the speed and the waste of power are
the principal disadvantages., ,

At full load the efficiencies as computed by the different
methods agree within 3 %.

In closing we hope that the data and results contained
in this thesis may be of much value to the Electrical

Engineering Department at M,A,C.
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