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A MATHEMATICAL ANALYSIS OF A THREE PHASE INDUCTION
MOTOR, OPERATED THREE PHASE AND SINGLE PHASE

WITH UNBALANCED ROTOR CONDITIONS

I THE PROBLEM

The purpose of this thesis is to compare the
results obtained by mathematical analysis with actual
laboratory tests on a three phase induotion motor operated
three phase and single phase with unbalanced rotor con-
ditions.

Much theory on induction motors has been developed,
but the method of anelysis employing symetrical components
best suits the particular problem at hand, and this theory

will be used throughout the thesis,



DEFINITION COF SYNBOLS

s e e e

a

Stator Current

Rotor Currsnt

Stator Line Voltage

Rotor Line Voltage

Rotor Induced Voltage

Rotor Phase Voltage

Stator Reslstance

Rotor Resistence Referred to Stator
Stator Reactance

Rotor Reactance Referred to Stator
External Rotor Circuit Impedances
No Load Current

Machine Slip

- 'fZOn
Operator = e J

A Subscript "1" Designates Positive Sequence Component.

A Subscript "2" Designstes Negative Sequence Component,

A Subscript "O" Designates Zero Sequence Component,



IT DEVELOPEMENT OF THECRY FOR THREE PHASE OPERATION

A balanced three phase voltage epplied to a circuit
may be considered as consisting of & positive and negestive
component, Of course the negative sequence voltage will be
zero, but it is carried through symbolically in the develope-
ment of the theory.

Generzlly, the motor may be pictured as below:

4 “}T—ﬂr
7
Ee' £, %, Lo, 5
Zr Z,
[
STATOR ROTOR

¥irst consider the positive sequence voltage applied
to the stator. Currents fo fundamental frequency in the
stator will give rise to currents of slip frequency in the
rotor. An unbalance in the rotor will cause these currents
to be unbalanced, These unbalanced currents of slip fre-
quency in the rotor may be resolved into positive and neg-
ative sequence currents, The later sets up fields which
rotate negetively with respect to the rotor at slip fre-

quencye.



Those currents in turn induce currents in the stator
of frequency equal to the fundamental frequency minus
twice slip frequency.

With Es, applied to the stator the resultant air
gap flux, roteting at synchronous velocity induces Fg,
in the stator end skg, in the rotor, where s is taken

as a fraction., Therefore, in the stator

Es, = éi% (?F%fljkﬁ)str '
and in the rotor

5Eg, = £r + (Re t ) Xe) Ze,
Dividing through by s,

Eg, = Esf'?*J'XEIE, * "i';fff',

Associsting the msgnetizing current of the
machine with the positive sequence current, the equiv-

alent circuit below may be drawn,




This diegram sgrees with the equations derived. From

it a more suitable relation may be set up as follows:
o . fo- (Bt ) (Tr +Ty) - (Re +j2-) T,
5 = £3 37 J 45 En‘ld) RT)AR)LE,

or BT 55 [R5 t Rty (st AR) T - (R4 ) 1

In the developement of the negzative sequence
equivalent circuit, assume a negative sequence, voltage,
Eg,, of slip frequency applied to the rotor and assume
the rotor to be stationary and the stator reotating with
a speed (1-s) in the negative direction. This will give
the same result as the stator stationary and the rotor
rotating with a speed (1-s). The applied voltage sets
up a flux which rotetes with a velocity (-s), and since
the assumed velocity of the stator is -(l-s), these
velocities will be equal for s 0,5. For this slip no
voltages are induced in the stator and the characteristics
correspond to that of an ordinary induction motor operating
at synchronous speed. For s greater than 0,5 the negative
velocity of the stator is grester than the negative velocity
of the flux set up by the negative sequence voltage and the
machine acts like an induction generator. This is the con-
dition present when a negative sequence voltage is spplied
to the stator of an induction motor; that is, it produces

negative torgue as compared with the torque produced when



a positive sequence voltage is applied.

With this voltage, HEe, , applied to the rotor
end current flowing out of the rotor taken as positive,
the following relationship may be written,

e, = Eq = (Re+j X ) Te,

The speed of the flux which produces Ig, is (-s)
relative to the rotor; (1-2s) relative to the stator.
This flux therefore induces the voltage —(l-ES)Eg; in the
stator windings, Since the negative seguence voltage in
the stator is zero, this voltage must be equal to the
impedance drop of the stator at the frequency (1-2s)f.
Also, with all machine constants referred to the stator,
I,z Ip, &nd Fgd

= _5--)/.—;; < Bs(-T;)- ) (r-25) 2 (- Ze,)
or  £q. ‘/ﬁg‘ Rs = 54 [ Ze,
Substituting this value in the equation for Eg, ,

Ee, = ~[Foe - 252 + /5 (% + 22) ] Ze,

We now heve two equations involving Eg , Eﬁii Ig:and

Ig ¢« Two more relationships may be obtained from the ex-

ternal rotor circuite. 7
————
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From this diagram the following relationships are true:

Ean= ?GIQ
Ebn: ZﬁIb
ECH’ 2 I,

Since any current is equal to the sum of its symetrical

components,

t—an"' Za/[f, ff,e;)
Eins Z;,(a‘l}; f&]&zj

Also, Fcn’ﬂ(afe-fazf,?;)

[':_an = FM, ¥ 5:»;.

Epn = A fan +4 Ean,

Fcﬂ = d t'-a"! 7‘4:250';
Multiplying the second of these equations by a, and the

third by az, and adding the three equations together,

3[’.}»‘, F t:;".n +4 {Té,; 12" fen

or £z,

Likewise,

(1]

%7(&» ta Ebn f’d‘EE—”)

Can, = V3(Ean #2*Ep, +2 )

By substitution from above,

£an, = Z?[Z. (_?fe,f-_?g)-hi‘?&(d‘i,é fai,é‘)fa‘i;(d_z‘&f'x‘jé‘)]



Collecting terms,
Fa, = f3(7 474 + 7 )0 + /5(Earta s 46 % ) T,

But, Ji(Zt Fot Z ) - 2z,
V3( 2+t 2'Z a7 ) Za.

Therefore,

Likewise,
Fa, = 7z, lg # Za, 72,

We now have four equations and four unknowns which,
after substituting numerical velues for known guantities,
may be solved. Since these are vector equations the line

current and power factor may be obteined from them,



III DEVELOPEMENT OF THEORY FOR SINGLE PHASE OFERATION

Generally the same theory will be applied to the
machine when operated single phase as when operated three
phase.

The rotor c¢ircuit remesins the same. Therefore we
may use the second two equations developed in the three

phase theory:

f-fl 2 2&‘! -25, 7 Zé"‘ ffg

To adapt the conditions under single phase operation
to the three phase theory, the applied single phase voltage
must be broken up into symetrical components, There will be
no zero sequence component of current present when the
machine is operated single phase, since there is no path for
it to flow, It follows then that there is no zero seguence
component of voltage applied. In order for this to be true,
the applied voltage must be considered as being made up of
two voltages equal and 180° out of phase. Call these vol-
tages E4 and E,, Then the symetrical components will be

£q = BfEgraec]
£ < V3 [+ & Loy
. Ery= [of €n + G 1eT]



Referring to the three phase theory the following equations

may be written:

Ep = SEs,~[5f5+Fe+j 5 (5t az)][TR, ~5(Cst) X5 ) 7o,

£e, = SEs-[(Fe- ,—f}'éa% )7 ) 5(x+ 7@ )/ 7, # %?zé; - j X [ 7,

In the above equations I¢, is egual to the no load

]

current when the motor is opersting three phase, I¢; is
equal to the no load current when the motor is operating
single phase minus I,

These four equetions may be solved and the line

current and power factor obtained.

10



IV TECENIQUE OF LABORATORY EXPERINENTS

The machine tested was a five horsepower, three
phase, wound rotor, induction motor equipped with slip
rings to the rotor. In the three phase runs the motor
was supplied by an alternator driven by a synchronous
motor. The rating of the alternator was the same as that
of the motor so therefore the motor could not be over=-
loaded safely to any great degree, Vhen run single
phase, the motor was supplied by the incoming power line,

The following tests were made on the motor:

s Ratio of Transformation Test.

The stator windings were connected to their
rated voltage, V, , and the rotor voltage E,
was found. This voltege E;, was then impresse
ed on the rotor and the stator induced voltage,

V' was read, The ratio of transformation is

then —Z / _‘_(
Cl = f'2 Vf

2. Stator and Rotor Resistance.

These constants were messured with a resist-

ance bridge.
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B No Load Test.

The motor was run at no load on balanced
three phase voltage of varying magnituce,
From this test the windage and friction and
core loss was calculated,

4, Blocked Rotor Test.

The rotor of the machine was held station=-
ary while reduced voltsges were applied to
the stator. From this test the equivalent
resistance and reactance of the motor was
found.

5 Three FPhase Loasd Teste.

Several combinastions of unbaslanced resist-
ances were connected to the slip rings. For
each combinastion = load run wes mede on the
motor by means of & prony brake. The applied
voltage was held constant and stator current,
watts input, torque and speed were read for
each load point,

6. Single Phase Load Test.

The rotor was unbalanced as in the three
phase tests., The motor was started with a

three phase voltage and when it reached rated



Speed one of the three leads to stator
was disconnected. Loading was done with
a prony brake and readings mesde as in the

three phase tests.

13
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V  SUMMARY

At the outset of the experimentation it wes expected,
that with an unbalanced rotor, the line currents to the
machine would be unbalanced. In the load runs this condition
did not appear even with the most extreme unbalance in the
rotor circuit, The motor was broken down several times in
an effort to unegalize the stator currents.

The unbalance, although desired, was not absolutely
necessary to illustrate the mathematical analysis of the
machine performance. The analysis shows that the stator
currents contain so small a negative component that it can
not be read on the meters used. In the rotor the ratio of
positive to negative seq;ence current usually ran about
fifteen to one, Due to the high no load current this ratio
in the stator is about twenty to one. Possibly a larger
maechine with lower no losd current would draw line currents
which were sufficiently unbslanced to be read on the amp-
meters,

For both the three phase and single phsse runs the
calculated points matched the test points closely enough to
prove the analysis & valid one., The calculated horsepower
output was slways a little high. The curves of the efficiency,
power factor and line current plotted against this horsepower,

although extended, match the test curves very nicely.
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220

200

160
140

118
100

52

43

6.2
5.4
4,6

4,0

19.6
16.0

12,0

NO LOAD TEST
I, I,
8.8 9.0
7.8 8.0
7.0 7.0
6.2 6.2
5.4 5.4
4.6 4,6
4,0 4,0

BLOCKED ROTOR TEST

A

19.6 19.6
16.0 16.0

12,0 12.0

1

908
632

372

W7
720

560

328
224

136

W,s

60

20

1220
1008
816
648
512
392

288

968
672

392

500
440
376
320
288
256

208

CAL.
L.Cose

10.5
9.0

6.8
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8.9
10.0
12.5
14.8
1745

20.0

W,
1170
1830
2570
3220
3820

4400

-720
-150

550
1090
1550

1970

BALANCED 3 ¢ - 220 V, STATOR

W,

450
1680
3120
4310
5370

6370

SHORT CIRCUITED ROTOR

RPM

1190
1180
1150
1130
1120
1110

TORJUE H.P,
0,0 0,00
642 1.37

14,2 3410

2047 4,45

26.1 5.54

30.8 6450

SLIP(7%)
8.83
1.66
4,17
5.83
6467

7 .50

EFF (%)
6045
7440
77 40
7740

7642

P.F(%)

13,3
44,0
6545
67 5
8045

8345

17



8.9

9.2
11.0
12.8
13.9
1447
155

1170
1480
2190
2670
2940
3120
3330

BALANCED 3 ¢ - 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0.38,0.38,1.25 OHMS

1030

450

2360
3250
3750
4010

4360

849

9.0

10.0

12.2

14.9

16.9

TEST DATA

RPM TORQUE SLIP(%) P.F(%)

1190
1160
1110
1080
1060
1040

1020

0.0
2.9
106
1564
19.0
20.0

214

0.83
3.33
7450
10.00
11.67
13.33
15400

CALCULATED FOINTS

P.F. (%)
10,5
27.1
56 o2
69.0
713

75.4

EFF(%)
55.0
745
7540
7346

6846

13.3
27.9
5643
66.7
6745
7.6

73.8

HoP.
0,00
0.75
2442
3.41
3479

4,31

EFF(%)
49¢5
70.8
72.9
76:3
T34
71.3

H.P.

0465
2e24
3,17
3484
3.96
4017

18



8.9
9.2
11.2
124
13.6

15.0

1170
1470
2270
2580
2920
3200

BALANCED 3 ¢ = 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0.38,0.38,0.73 OHMS

230
500
770
1000

450
950
2500
3080
3690
4200

%.1
9.8
11.7
14.1
16,0

16,3

TEST DATA

RPM

1190
1170
1120
1100
1070
1050

CALCULATED POINTS

P.F. (%)
13.3
2842
5541
6645
7340

77«4

TORQUE SLIP(%)

0.0
2.9
11.0
14.1
18.4

20.3

0.83
2.50
6.66
8443
10.82

12.50

EFF(%)
43 .6
6948
7541
8040

P.F(%)
13.3
27.1
5846
6542
713
735

H.P.
0,00
0,80
2625
3405
3475

4,14

EFF(%)
507
70.6
.4
7548
72.1

19

H.P,
0.65
2.36
2495
3.75
4406



8.9
9.3
11.1
12.4
13.6

16.1

1170
1560
2220
2530
2830

3450

BALANCED 3 ¢ - 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0.19,0,38,1.25 OHMS

710

1180

450
1140
2400
3010
3540
4630

Is
8.1
847

10.0

12.2

13.0

1745

RPM TORQUE SLIP(%) P.F(%)

1190
1160
1120
1100
1070

1050

TEST DATA

0.0
3.6
10.6
1445
170

22.6

0.83
3.33
6+66
8443
10.82

12.50

CALCULATED POINTS

PJF. (%)

9.2
3245
5546
6844
70,0

74,7

EFF (%)
55,0
7347
75 o4
7742

706

32.2
32.2
57.3
6347
68.8

7546

H.Pe
0,00
1.00
2428
315
5.64

4.46

EFF(%)
53.1
70.1
70.1
75.6
T3k
72.8

H.P.
0.81
2.26
2.26
3405
3448
452

20



8.9
9.0
10.8
125
14.2
15.1

16.0

1170
1390
2120
2580
3060
3240
3460

BALANCED 3 ¢ - 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0.19,0.38,0.73 OHMS

=720
=570
110

540
870

1030

1200

450

820
2230
3120
3930
4270
4660

8.7

9.0

11.6

12.0

15.0

14,5

16.8

RPM

1190
1170
1130
1100
1080
1060

1050

TEST DATA

TORQUE SLIP(%)

0.0
23
95
14.4
19.6

21.0

2245

0.83
2.50
5.83
8+43

10.00

11.67

12.50

CALCULATED POINTS

P.F. (%)
13.6
2746
50,1
6645
71.1
7242

75.5

50,0
7345
75.2
75.1
7646

73.9

EFF (%)

P.F(%)
13.3
23.9
5403
65.5
72.7
743
7645

H.P.
0,00
0.91
2.28
3436
4.00
4.32

S.61

EFF(%)
4143
68. 5
72.1
7646
The5

T72.2

H.P.
0.52
2.05
3.02
4e04
4o
4e50

2l



8.9

9.0
10.5
12.5
13.6
15.6
1€.3

1170
1420
2050
2640
2950
3400
3540

BALANCED 3 § - 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0.19,0.38,0.38 OHMS

=720
=550
100
€00
820
1200

1310

450

870
2150
3240
3770
4600
4850

79
749
10.0
12,0
14,6
15,0

1648

TEST DATA

1190
1150
1130
1110
1090
1070

1060

TORQUE SLIP(%)

0.0
2.6
9.3

14.8

18.5

22.0

2345

0.83
4e17
5.83
750
Q.17
10.82
11.67

CALCULATED POINTS

P.F.(%)
12.1
2849
500
7345
74.8
80.0

8l.2

EFF(%)
47,3
6646
7642
7448

7640

P.F(3%)

13.3
25:4
53.8
68.1
13.3
78.0
78.2

H.P.
0.00
0455
1.92
3.18
3.89
4,45

4,87

EFF(%)
5044
69.7
72.1
76.3
7440
73.2

0.58
2.01
3.13
3.85
4+50
415

22



8.9
9.1
11.4
12.9
13.8
15.9

1170
1410
2240
2590
2850
3320

RALANCED 3 ¢ - 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0.19,0.19,1.83 OHMS

1040

450
860

3120
3540
4360

12.9
12.4
15.8

17.7

TEST DATA

RPM

1190
1170
1120
1100
1090
1050

TORQUE SLIP(%)

0.0
2.7
11.1
14.9
17.5
21.3

0.83
2.50
6466
8+33
9.17

12.50

CALCULATED POINTS

P.F. (%)
18.0
30,5
55.0
63,0
69.8

76,3

EFF(%)
47 .7
70.0
75.2
74.2

71.6

P.F(%)
13.3
25.1
5647
64,40
6744

72,0

H.P.
0,00
0.62
2450
5425
.84

4,75

EFF (%)

52+4
72.3
746
7647
73.1

H.P.
0.60
2.36
3.12
3.64
Lo 27

23



8.9
9.3
1.4
13,7
15,6

19.5

BALANCED 3 ¢ - 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0,19,0.19,0,38 CHUS

W,
1170
1440
2330
2960
3400

4680

-720
=450
290
830
1270

1610

450
990
2620

3790
4670

62590

8.0

8.6

13.0

13,0

16.1

19.6

TEST DATA

R

1190
1170
1140
1110
1080

1070

TORQUE SLIP(%)

0.0
2.9
11.3
18.4
21.9

25.0

0.83
- 2450
5.00
750
10.00

10.82

CALCULATED POINTS

P.F. (%)
10.0
28.5
6649
7349
81.8

86.0

EFF (%)
43.8
74.1
77 o4
75.9

74,0

P.F(%
13,3
2845
60.3
7245
7846

84,6

H.P.
0,00
0.86
3.00
3495
4,75

637

EFF(%)

48,1
70.2
7645
7240

72,0

HePo
0,00
0.64
2446
3.89
4450

6.07

24



8.9
9.1
10.5
13,6
15,9

18.2

1170
1360
2270

2780
3310

3760

BALANCED 3 f§ - 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0,19,0,19,1.25 OHMS

=720

-540

250

700

1080

1450

L
450
820

2520

5480

4390

5210

10.0

10,3

11.3

13.6

15.1

18.6

RPM

1190
1170
1120
1090
1070

1030

TEST DATA

TURQUE SLIP(%)

0.0
249
11,0
16.8
21.0

26.0

0,83
2450
6.66
9.17

10.82

14,18

CALCULATED POINTS

P.F(%)
75
33.1
57 .5
6844
70.8

7345

EFF(%)

55.0
67 .5
75.0
75.8

66.7

H.Pa
0,00
0.95
225
S.62
4430

5415

P.F(%
153
23,8

62.6

H.P,
0,00
0.51
2.34
3.49
4,29

4,98



9.0

9.4
10,9
12,5
14.2
16.2
17 .5

1847

BALANCED 3 § - 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0.19,0.19,0,73 OHLS

2150

2570

3000

3420

3710

3970

W
=720
-360
110
500
880
1250
1470

1670

2260
3070

3880

4670

5180

5640

746

8.9

11.6

11.3

13.4

14.9

15,6

19,3

Rem

1190
1170
1130
1120
1090
1070
1050

1040

TEST DATA

TORQUE SLIP(%)

0.0

3.5
10.0
14.5
18.4
22.1
25,0

28.0

0.83
2450
5.83
666
9.17
10.82
12.50

13.32

CALCULATED POINTS

P.F. (%)
1l.4
31.6
6846

725

77.1
77.9
80,9

82.2

EFF(%)
48.2
6847

7243

7645

75.4

7547

70.7

P.F(%)
15.3
32.2
5540
64.7
72.2
7647
7846

7946

HoPa
0.00
0.96
2439
2.90
3494
4,62
5.13

5.85

EFF(%)

51.6
71.1
7544
7546
72,1
72.0

71,1

H.P.
0,00
0.79
2.15
3410
3.82
4.52
5,00

S5.47

26



13.8
14,3
16.3
17 .6
18.6

19,9

BALANCED SINGLE f - 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0,19,0.38,0.73 CHNS

W
630
1210
2050
2400
2700

3040

TORQUE

0.0

745
10.2
11.3

13.9

12.8
14,0
16.6
17 .4
19,1

2145

TEST DATA

RPM H.P. SLIP(%) EFF (%)

1190 0,00 0483 S

1180 0.8l 1.67 5040

1140 1,63 5400 5943

1130  2.20 5483 6844

1120  2.41 6467 6646

1100  2.90 8433 71sa
CALCULATED POINTS

H.P, EFF, (%) P.F. (%)

0,00 e 10,4

0.80 5340 377

1.72 67.1 5641

2.25 70,0 6349

2.49 70.2 65.6

298 6844 6844

P.F(%
20.8
38.4
57 «2
6240
66.0

6945
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BALANCED SINGLE § - 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0,19,0,38,0,38 OHIS

W
630
1100
1760
2260
2420
2640

3000

TORQUE
0.0
543
646
9.0

10.2
11.0

13.5

11.5
12,9
14.9
15.9
18,4
18.8

21.0

RPM

1190
1180
1170
1150
1140
1130

1110

TEST DATA

H.P.
0.00
0,74
1.47
1.97
Ranl
2,37

2485

SLIP(%)

0.83
1.66
2.50
4,16
9.00
5,83

7 .50

CALCULATED POINTS

H.P.
0,00
0.80
1.40
2.02
2,30
245

2.88

EFF (%)

48,1

6543

72.2

69.5

EFF (%)
50.1
62.3
6540
6841
670

70.8

P.F.(%)

16.2
37 &7
47 .6
61.5
62 .3
6545

71.5

P.F(%)
20.8
8542
5142
6044
6245
6542

7043



13.8
14.9
16.6
17.7
18,7

2045

BALANCED SINGLE ¢ - 220 V, STATOR

EXTERNAL ROTOR RESISTANCES 0,19,0.19,1.25 CHMS

W
630
1470
2050
2390
2580

3050

TORQUE
0.0
4.2
8.2

10.2
1l.1

13.8

12.2
15,7
15.1
17.8
177

2342

TEST DATA

RPK H.P. SLIP(%) EFF(%)

1190 0,00 0.83 S

1160 0,93 3433 47,2

1330 1461 5.83 5846

11s0, 2% 6467 67.8

1110 235 7.50 6840

1090  2.86 9,17 70.0
CALCULATED POINTS

H.P. EFF(%) P.F. (%)

0,00 ——— 19,6

1.00 48.4 45,0

1.63 62.8 55,0

2.16 68,0 60.0

2.38 69.9 6541

2.92 6945 64,7

P.F(%)
20.8
44.8
56.2
61le4
6248

67 47
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15.8
14,7
16.5
1745
18.9

20,3

BALANCED SINGLE § - 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0,19,0,19,0.73 OHMS

w
630
1380
2080
2420
2160

3090

TORQUE
0.0
3.8
7el

10.3
11.2

15.9

12.2
13.7
15.1
17.8
17,7

23.2

TEST DATA

REM H.P. SLIP(%) EFF(%)

1190 0,00 0.83 i

1170  0.84 2.50 45,4

1150 1,55 4.16 55.6

1130 2.21 5.83 68.1

1120 2,39 6467 64.7

1100 2,91 10,00 70.2
CALCULATED POINTS

H.P. EFF(%) P.F.(%)

0,00 —— 19.6

1,00 48.4 45,0 «

1.63 6248 5540

2416 68.0 6040

2.38 6949 65.1

2.92 6945 6447

P.F(%)

20 .8
42,7
573
6249
6643

69.2
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BALANCED SINGLE ¢ - 220 V. STATOR

EXTERNAL ROTOR RESISTANCES 0,19,0.19,0,38 OHES

TEST DATA
Is W TORQUE  RPM H.P. SLIP (%) EFF (%) P.F(%)
13,8 630 0,0 1180 0.00 0.83 — 20,8
14,6 1310 3,5 1180 0,79 1.67 45,0 40,8
164 ~ 2080 7.4 * 1150 1.62 2450 5847 571
e 2530 1085 1IB0 2.6 5.83 6742 63.7
18,9 2800 11,3 1120 2.40 6467 6349 67 43

20,0 3080 13,7 1110 2489 7450 7040 70.0

CALCULATED POINTS

I H.P. EFF (%) P.F. (%)
14,6 0.00 L 16.6
15.6 1.38 46,1 3844
15.6 1.62 673 5542
19,0 2.27 71.2 6640
7 70.4 65.1

20,1 3,03 68.6 74,8



13.8
14,2
15.7
17.6
1846

20,3

BALANCED SINGLE ¢ - 220 V, STATOR

EXTERNAL ROTOR RESISTANCES 019,038,125 OHMS

W
630
1050
1800
2380
2630

3070

TORQUE
0.0
3.l
646

10,0
11.5

13,7

12.0
12.2
15.0
17.9
19.3

2l.4

TEST DATA

RPM  H.P.,  SLIP(#)  EFF(%)
1190 0,00  0.00 ——-
1160 0.68 S o 00 48,4
1130 l.42 D.83 58.9
1110 2,01 7.50 6641
1090  2.38 9,17 67.5
1080  2.81 10,00 6843

CALCULATED POINTS
H.P. EFF (%) P.F. (%)
0.00 S 19.8
0.75 48.7 3846
1.48 61.4 54,5
2415 68.6 61.7
2447 70.3 63.0
2.95 7042 65.2

P.F(%)
20,8
33.6
5241
6145
6443

6847
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