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A Study on the Characteristics of Double Squirrel

Cage Outside Rotor Type Induction Motor

Hyun-Soo Kim

Department of Marine Engineering, Graduate School,

Korea Maritime University

Abstract

Induction motor is the most widely used electric machine. There are two
types of induction motor rotors which can be placed inside of the stator.
One is called a squirrel cage rotor, while the other is a wound rotor.

The squirrel cage rotor consists of conducting bars which are laid
into slots carved in the face of the rotor and shorted at either end by
large shorting rings. Because of simple and durable structure, low cost
for operation and high efficiency, the squirrel cage induction motor has
extensive application in the industry fields.

In recent years, the use of that motor for various fans has been also
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on an increasing trend.

This paper presents a newly developed double squirrel cage induction
motor for the fan and the facilities like that. All of the existing induction
motors are composed of two parts, rotor and stator, and the position of
rotor is exclusively the inside of stator. However, the rotor of the
developed induction motor 1s located outside the stator.

The outside rotor type brushless dc motor has been often used for
VTR’s head drum and PC’s cooling fan these days, but this kind of
induction motor has not been developed yet.

It is believed that the outside rotor type induction motor is suitable for
the fan due to its large inertia which can reduce the change of air flow
rate resulting from input power or load fluctuation.

In this paper, two tests for obtaining the electrical parameters of the
outside rotor type induction motor, which are locked rotor test and no
load test, are described and those parameters are measured. Then, to
find torque-speed curve, load test is carried out using a dynamometer
and the program for motor performance.

And, the developed induction motor is compared with the existing one
in terms of torque, efficiency, power factor and output characteristics.

The results of this paper are supposed to be used for the exploitation

of the outside rotor type induction motor.



Nomenclature

Induction motor

Stator current [A]

Rotor current [A]
Locked-rotor resistance [2]
Stator resistance [2]

Rotor resistance [2]
Air-gap power [W]

Core loss [W]

Friction and windage loss [W]
Input power [W]

Output power [W]
Converted power [W]
Rotational loss [W]

Rotor copper loss [W]
Stator copper loss [W]
Stray loss [W]

Slip

Phase voltage [V]
Terminal voltage [V]

Locked-rotor reactance at test frequency [9]
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Locked-rotor reactance at normal operating frequency [2]
Magnetizing reactance [2]

Stator reactance at test frequency [2]

Stator reactance at normal operating frequency [2]

Rotor reactance at test frequency [2]

Rotor reactance at normal operating frequency [2]

Locked-rotor impedance [2]
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Fig. 3.6 Laminated rotor of [] slot type IM.
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Table 3-1 Specification of Dynamometer.

Maker MAGTROL
Model HD-805-7NA
Brake Hysteresis brake
Torque range 240 kg; + cm
Maximum speed 6000 rpm
3600 Watts continuous duty
Maximum input power
6000 Watts < 5 minutes

Table 3-2% Power Analyzer?] A4S UEebH, A<t 25,
ol S5 dolHE PCE AF3o

=2 O
==

i

fez]
=

A

g

tl
of

Table 3-2 Specification of Power Analyzer.

Maker MAGTROL

Model 5300

Voltage 150, 300, 600 Volts DC and Volts rms
Current 5, 25, 100 Amps DC and Amps rms

23
18
Pl

Table 3-3& Dynamometer Controller®] A%< el ™, Dynamometer

of @AHeR FeEas Jhetr, e B B 3H4E PCE AEd
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Table 3-3 Specification of Dynamometer Controller.

Maker MAGTROL
Model DSP 6000

Speed : 0.0196 of reading
Accuracy

Torque : 0.2% of range(+2V)
Temperature coefficient 0.001% of range/TC
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Table 3-4 Parameters of [] slot type IM.

7l & | APEAg [25C] | 71 & | 2RS4k [257]
R, 4.74[9] X, 3.85[9]
R, 2.36[2] X, 5.77[9]
Xy 2359[2]
2. 53 &4
a3 =l w@ 2

TR ols 248 A5s)e] dhAga) wR

= Table 3-59 e ST

Table 3-5 Results of no load test of [] slot type IM.

Input power 338.9[W]
Stator copper loss 290.79[W]
Rotational loss 48.11[W]
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Fig. 3.14 Characteristics of input and output

power of [] slot type IM.
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Fig. 3.19 Rotor core of O slot type IM.
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Fig. 3.20 Laminated rotor of O slot type IM.
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Table 3-7 Results of no load test of O slot type IM.

Input power 333[W]
Stator copper loss 273.93[W]
Rotational loss 59.07[W]
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Fig. 3.21 Variation of input power and no load
loss of O slot type IM.
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Table 4-2 Parameters of IMs.

- = 4 #% [257] o
Hitachi A SR A4y &5
R, 3.27 4.74 4.71 (@]
R, 1.77 2.36 151 (@]
X, 4.03 3.85 3.15 (@]
X, 4.03 5.77 4.73 (@]
Xu 52.67 2359 22.96 (@]
41 FF3 &4 vu

vl 9l Hitachirke]l ds71ek Abb e &3 ds7]e F5siAd 23

£ Table 4-3] “ebH AT

Table 4-3 Comparison of no load test.

A &% Hitachi
Input power 338.9[W] 99.5[W]
Stator copper loss 290.79[W1 49.26[W]
Rotational loss 48.11[W] 50.24[W]
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Fig. 4.2 Comparison of torque in developed
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Appendix A

A7 £% 9% 848 FEAEY SER 95 27
DC A9
Ipc Ve Rpce
5 0.64 391
10 1.29 3.88
15 1.92 391
20 2.59 3.86
25 3.02 4.14
30 3.62 4.14
e RN 3.97
e L
V=215V =60 Hz
I, +1g+1-=13.5TA P,=38.9W
A F4A Y
V=58V f=15Hz
I,=4.9A P,,=425W
IB:4.2A
[c=4.3A
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DC A& ol A]

4.5+ T _, 0 2U5+T5

Bi=Rpc" “oqy oy =9 9234.5+25

2544 G o A

_ 13.57

5 =4.52 A

V¢>,7LIZW = ].24.].3 14

124.13
4.52

[e) [e) [e] 5 >~
X = ¢ e, x,2 78 5 Uk

SenE pRe §Ase e 2t
Pmt =P in,nl_PSCL,nl

=338.90—290.79=48.11 W

B AF FEA ol A

.= 4.9+A§.2+4.3 — 44T A
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V, Vo 58

Zipl=—% = = 7.50 0
| Z1rl In V31, V34.47) 0

9 = —1 Pin
= cos 45
V3(58)(4.47)
= 18.71°
A= R=N-Y

R p=17.50c0s18.71° =7.1002=R,+R,

Ry,=7.10—4.74=2.36 2

15Hz o A o] 2] HE A=

X' 1r=7.50sin18.71" =2.41 8

60Hzol A 2] & 7Fe] 'l 2=

fme ’
X, o= X =(§35))2.41 =9.620

X1=0.4X;,=3.858
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X,=0.6Xx=5.TT8

Xy=1Zyl—X,=27.44—3.85=23.59 2

%7 49 58 RE e g

R JX, JX,
o AN Y e YN
4.74Q 73.85Q J5.77Q
v R, 236
R Z JKy=iB3599  Zr="
(unknown)
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Appendix B

DC A%
Ipc Ve Rpce
5 0.64 3.91
10 1.29 3.88
15 1.92 3.91
20 2.59 3.86
25 3.10 4.03
30 3.65 411
3 T 3.95
P REA Y
V=210V /=60 Hz
Ij+Ig+1-,=13.21 A P,;,=33W
854 FEAY
V=52V /=15 Hz
I1,=4.60 A P;,,=3%W
IB = 4. 30 A
[C == 4 . 90 A
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DC A9l A

RlzRDC' 395
73 5441 @ o] A

_13.21

5 =4.40A

V¢>,7LIZW =121.24V

aHER

121.24
4.40

[e) [e) [e] 5 =
X = ¢ e, x,2 78 5 Uk

2= 0
ng} T

Rl

Poor =3 I2 R, =3(4.40)%(4.71) = 213.93 W

SenE pRe §Ase e 2t
Pmt =P in,nl_PSCL,nl

=333—273.93=59.07 W

B AF FEA ol A

. 4.60+4:.))30+4.90 i60A
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Vy Vr 52

Zipl=—% = - = 6.530
| Z1rl I, V31, V3(4.60)

9 = —1 Pin
cos V3 VoI
= cos 35
V3(52)(4.60)
= 17.56°
A= R=N-Y

RLR=6.53COS].7.56° 2622Q=R1+R2

R;,=6.22—4.71=1.518

15Hzo A o] B Al ==
X' 1r=6.53sin17.56" =1.972

60Hzol A 2] & 7Fe] 'l 2=

fme ’
X, o= X =(f5)1.97 =7.880

X1=04X;,=3.1582

_66_



X,=0.6X;,=4.73 2

Xy=1Z,—X,=26.11—-3.15=22.96 2

%7 49 58 RE e g

R, JX, JX,
o AN AYYY . e Y
4710 j3.15Q Jj4.73Q
S R, _151
R.Z JKy=i22960 2=
(unknown)
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Appendix C

HitachiAte] 34 §=A%E7)e Srlslz 44 =4

DC & -
Ipc Ve Rpce
5 0.92 2712
10 1.83 2.73
15 2.79 2.69
20 3.65 2.714
25 4.40 2.84
3 1 2.74
ERERE
V=220V =60 Hz
A4 PEAH
V=32V f=15Hz
I,=3.40A P,=115W
IB = 3 .40 A
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DC A& ol A]

Rl:RDC' 274

aHER

127.02
2.24

| Z4l = =56.70 2= X, + X,

[e) [e) [e] 5 >~
X = ¢ e, x,2 78 5 Uk

2= 0
ng} T

Rl

Poor =3 I,°R,=3(2.24)%(3.27) = 49.26 W

SenE pRe §Ase e 2t
Pmt =P in,nl_PSCL,nl

=99.50—-49.26=50.24 W

B AF FEA ol A

I 3'40+3§)40+3'40 3 p0A
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Vy Vr 32

Zipl=—% = =5.430
| Z1rl Iy V31, V3(3.40)

9 = —1 P in
cos V3 VoI
= cos I
V3(32)(3.40)
= 21.78°
A= R=N-Y

R p=5.43c0s21.78° =5.04 Q=R+ R,

Ry, =5.04—3.271=1.7T78

15Hz o A o] 2] HE A=

X' 1r=5.43sin21.78" =2.02.2

60Hzol A 2] & 7Fe] 'l 2=

X, = S vated X' = (5135)2.02 = 8.06 2
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Xy=1Z,yl—X,=56.70 —4.03=152.67 L2

%7 49 58 RE e g

R, JX, JX,
AN AYYYL e Y YL
3.27Q 74.03Q 74.03Q
R Z X, =i52610 2
(unknown)
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