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Characteristics of Heat Transfer for Induction Motor
Supplied by PWM Converter

Ding Shuye, Cui Guanghui
(College of Electrical and Electronic Engineering, Harbin University of Science and Technology, Harbin, 150080, China)

Abstract : In order to explore the characteristics of heat transfer for motors supplied by pulse width mod-
ulation (PWM) converter, and further reveal the influence characteristics of frequency converter param-
eters (modulation ratio) on the motor thermal distribution, a 55 kW induction motor supplied by PWM
converter power is studied. Based on the computational fluid dynamics and the heat transfer theory,
combined with the feature of motor ventilation structure, a three-dimensional fluid-thermal coupled
model with motor encapsulated in air region is established. And the temperature field of asynchronous
driving motor is simulated numerically by using the finite volume method. Therefore, characteristics of
heat transfer for the whole motor domain are compared and analyzed under the control with two different
modulation ratios. The motor temperature distribution trend is substantially the same in the solve re-
gion under the control with two different modulation ratios. In radial direction, rotor has the higher
temperature. However, the curve of temperature-rise in the air gap has step-change and the lowest tem-
perature-rise occurs in stator. In axial direction, the temperature-rise of each part of motor near the fan
is lower, and that of each part of motor far away from the fan is higher. In circumferential direction, the

curve of stator yoke temperature-rise has undulate change.
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Tab.1 Parameters of motor
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Tab.2 Loss distribution of motor at M=0.8 and M=0.9
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Tab.3 Basic structure data of motor
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Tab.4 Material properties of main components of motor
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Fig. 2 View of experimental platform
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(a) Measured temparature senor in circumferential position
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Tab.5 Comparison of calculated temperamture-rise

values with measured values
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3.1 AEFF LIRS ZGTERNBERFA ST
18 3 0] R AL T 3 AT R P S AR AR B
IR ZE LN A R T AR L. K6
Gl T ET PWM HE g R [E R (M=0.8 J
M=0. DERZFAT LN & EZ AR T
6 M=0.8F M=0.9HBENNESEEHEBFRA
Tab. 6 Temperature-rise of main parts at M=0. 8

and M=0.9

M=0.8 M=0.9
diky e —
pg WIPPEORIRE WIPPR IR

f/K MUK HK UK

W% 37.26 60.75 36. 06 58. 80
ETHYH 89.59 103. 37 86. 64 100. 08
T 56.13 66.48 54, 28 64. 33
T 64. 84 78.08 62. 68 75.53
PS4 153,79 160. 43 147. 26 153.72
BEFHE 153.66 160. 35 147,13 153. 63
B:FH 153.59 160. 42 147. 06 153.70

B4 g5 T A AS [) 3 ) LE 4 ) 4% 1F R R AL
WEZEIIRT B 2553 6 A,

(LPWM A5 S 504y 3 M=0.8 fl M=
0. 9B, LA A IR T+ 20 A B R SOHH [R] L 45 1
53 VB TR 25 8 K AR B 7 45 S 58 40 7 24938 T A
ZEWR X IR T &0 8 %, It b+
L MLAR ] O B B ORI B 4 22

(2)M=0. 8 i, L AL N £5 F 43 P AR 2 1 » 3 3K
I O I H ML AS R BRI T R b= iR
F1(160. 43 KDA LT M=0. 9(153. 72 K) It &
6. 71 K. Jf H & mil s 800 T8 7 5800

(3) JE% IV, FL ML AE 1A ] b 4393 S M=0. 8 Fl M=
0. 9 F il 55 4 T 32 17 1, ML 52 3 40 T TH e A%, -3
BT 40 A 37. 26 K fil 36. 06 K, A 2210 K
1. 20 K, ik & B g HL7E 0 40 A 2 R . 5 2838 i
S H s Sl B AR RAE F 9 OEE D5 .
PIT LA T 28 Ak 32 B FE AR Ak 52 i /)N

160.40
145.20
130.10
115.00
99.73
84.57
69.40
54.23
39.06
23.90
8.73

(a) M=0.8

153.700
139.100
124.600
110.000
95.520
80.980
66.440
51.890
37.350
22.809
8.260

(b) M=0.9

P4 HBLEE TR T

Fig. 4 Temperature-rise distribution in motor
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under different modulation ratios
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Fig. 8 Curves of temperature-rise of stator yoke in
circumference direction under different

modulation ratios
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