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Testing and Prediction of Temperature of Three-Phase Induction
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Abstract

This paper presents the study of electrical power losses, the thermal behavior, the design of mathe-
matical model and prediction of temperature of an induction motor supplied by a 3-phase PWM inverter.
The purpose of this research was to determine the criterions about loading, protection of damaged motor
from overheat of an Insulator. The 3-phase PWM inverter operated the fundamental frequencies varying
between 15-50 Hz.While a constant switching frequency is of 15 kHz, the motor torque was maintained
constant at 5 N.m . A storage oscilloscope was used to measure the voltages and currents at the output of the
inverter. In addition, a thermocouple was used to measure the winding temperature and anemometer was
used to measure speed of ventilating fan.

The results of tests revealed that the values of the electrical power input and power output varied
according to the frequencies of inverter and the values of the winding temperature was inverse with the
frequencies of inverter, the test results are shown that the winding temperature by the prediction is nearly
the same that by the experiment.

The advantage of this research is that it enables modified motor structure, implementation of venti-

lating fan and planning for motor loading when supplied by a 3-phase PWM inverter.

Keywords : PWM Inverter / Electrical Power Loss / Winding Temperature / Harmonic /

Induction Motor
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T p C, V x 10° k ax10® [ px10°

(°K) (kg/m° | (J/kg K) (m*/s) (W/mK) (m%/s) (kg/ms) Pr

250 1413 1005 0.949 0.0223 1.32 1.60 0.722
300 11.77 1006 1.57 0.0262 222 1.85 0.708
350 0.998 1009 2.08 0.0300 2.98 2.08 0.697
400 0.883 1014 2.59 0.0337 3.76 229 0.689
450 0.783 1021 2.89 0.0371 422 248 0.683
500 0.705 1030 3.79 0.0404 557 2.67 0.680
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Loss Motor = Pin - Pout

Pin

3 phase
Induction

motor

Pout

Load

%Eff Motor = (Pout/Pin) x100
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Sine PWM Inverter

50 Hz 15 Hz 20 Hz 25Hz 30 Hz 35Hz 40 Hz 45 Hz 50 Hz
Vins(A-C).. V 383.65 276.14 313.56 344.32 374.48 399.73 421.95 446.28 473.83
lns(A)... A 1.973 1.935 1914 1.932 1.936 1.948 1.945 1.948 1.985
Pry . W 751.61 264.43 33478 405.40 47876 550.16 61223 683.28 775.42
Qry ...Var 90.908 13.074 8.608 31711 52,915 68.598 85.104 110.55 135.86
St ..VA 757.08 264.79 334.96 406.72 48178 554.58 618.20 692.12 787.24
%THD,(A-C) 3229 174.11 147.49 128.07 111.60 97.843 86.173 75.074 64.900
%THD,(A) 4123 2567 2254 1.953 1771 1.970 2,183 2513 2.801
PF(A-C) 0.9920 0.998 0.999 0.997 0.993 0.992 0.990 0.987 0.985
DPF(A-C) 0.9929 0.998 0.999 0.997 0.994 0.992 0.990 0.987 0.985
Vins(B-C)..V 382.49 276.40 312.07 343.04 374.08 396.92 424.01 44594 470.54
lims(B)- A 1.988 1.941 1.924 1.945 1.963 1.981 1.994 1.952 1.973
Pry ... W 289.38 145.60 159.16 179.76 195.42 221.84 24327 24373 272.73
Qry ...Var 702.40 226.39 296.67 368.54 44927 51774 593.02 648.03 727.19
Sty ..VA 759.68 268.88 336.76 410.24 490.07 563.18 641.13 692.58 776.84
%THD,(B-C) 33941 172.45 147.44 127.84 111.64 97.518 85.785 75.985 65.572
%THD,(B) 4395 2818 2.170 2.104 1.886 2.135 2462 2330 2.648
PF(B-C) 03809 0539 0473 0.439 0399 0394 0.380 0352 0351
DPF(B-C) 03802 0.545 0477 0.444 0403 0397 0.382 0355 0353
Par=Pr+Pra... W 1,041 410.03 493.94 585.16 674.18 772.00 855.50 927.01 1,048.05
Qa1=Qr1+Qry..Var 793.308 239.95 305.27 400.25 502.18 586.06 678.12 758.58 863.05
Syp = m._w\ 1,308.82 475.07 580.66 708.95 840.65 913.40 1091.66 | 1,197.82 1,357.66
S PF, — > Pt 0.795 0.863 0.850 0.825 0.801 0.767 0.783 0.773 0.771

2837
Pour = 2iN: ¢ 730.42 138.75 228.81 314.68 394.79 47228 551.87 630.93 698.87
60

Torque...N.m. 5 5 5 5 5 5 5 5 5
N,...rpm 1,395 265 437 601 754 902 1,054 1,205 1,357
%Efficiency 70.17 33.83 46.32 53.77 58.55 61.17 64.50 68.06 66.68
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Fundamental- Time/div Sampling rate N = Sampling rate / Fundament_al frequency
wave (Hz) (ms/div) (kS/s) (Fnnuiayasa 1 gnaau)
15 10 100 6,666
20 10 100 5,000
25 5 200 8,000
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50 5 200 4,000
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