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Research on the Operation Performance of Wound Rotor Asynchronous Motors in

Voltage Regulation and Energy Saving

FENG Ren, WANG Bing, HOU Liping
( School of Electrical and Information Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China)

Abstract: Based on the fact that asynchronous motors are characterized with periodic load operation, the optimal
voltage of wound rotor asynchronous motors has been determined under no-load and light-load operating modes. With the
load ratio a constant, the power factor under the optimal voltage is greater than that under the rated voltage. In light of the
features of winding rotor asynchronous motors, a research has been conducted on the side series resistance starting and
the capacity of voltage regulation and energy-saving series under series resistance speed regulation. When a resistance of
2 Q is connected in series with the rotor circuit, an accelerated starting of the motor has thus achieved. With the optimal
voltage a constant, the electromagnetic torque remains constant before and after the series resistance has been connected
with the rotor circuit. A step-down series resistance speed regulation model of wound rotor asynchronous motors has been
set up to work out the relationship between the energy consumption of the rotor turn-on and rotor series resistance under
a constant optimal voltage. When the load factor of the motor is in the range of 0%~50%, a certain energy-saving space
could be obtained by appropriately reducing the power supply voltage, thus verifying the feasibility of the energy saving
operation under the light load rotor series resistance voltage regulation of wound rotor asynchronous motors under the
optimal voltage.
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Fig. 1 Simulation model of asynchronous motors
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Table 1 The data of current, speed and power factor

under the rated voltage

A MR/ BT BTl FEs iR

% \Y% A A (r-min’") K
0 4900 59.28 0.03 1500  0.020 7
5 4900 59.39 4.72 1494  0.100 0
10 4900 59.89 9.43 1487  0.174 7
15 4900 60.78 14.15 1481  0.247 5
20 4900 62.04 18.89 1474  0.3152
25 4900 63.66 23.65 1468 0.376 8
30 4900 65.62 28.42 1461 0.4385
35 4900 67.89 33.22 1455 0.490 2
40 4900 70.45 38.04 1448  0.5392
45 4900 73.27 42.87 1441  0.582 1
50 4900 76.32 47.73 1436 0.620 1
55 4900 79.56 52.60 1428  0.654 6
60 4900 83.05 57.51 1421 0.683 4
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Table 2 The data of current, speed and power factor

under the optimal voltage

TEAE ) Mk, ETF 1 LT Iy R
% \% B /A W /A (r-min’')  H#
0 50 2.30 237 12060 0.263
5 650 53.24  43.72 827.5  0.858 |
10 1 000 5578  53.26  1098.0 0.8952
15 1350 60.35  55.18 11940 0.897 2
20 1750 61.64  58.21 1271.0 0.886 1
25 2150 63.32  56.59  1317.0 0.866 4
30 2550 65.57  56.68  1347.0 0.843 3
35 3000 67.30  55.79  1373.0 0.809 5
40 3 400 70.17  55.83  1388.0 0.782 1
45 3 800 73.20  55.98  1400.0 0.753 5
50 4200 76.13  56.11 14100 0.724 5
55 4700 79.41 5496 1421.0 0.6826
60 4 800 82.87 5877 1417.0 0.698 4
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Fig. 2 An asynchronous electric machine equivalent circuit

with the stray losses
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Table 3 The data of total loss of asynchronous motor

under different voltages

L/ BUEHRET T T
% HE/V O BIIRBFE /W R /V RTRBFE /W
0 4900 62 160 50 80
5 4900 62 400 650 25 710
10 4900 63 220 1 000 39 110
15 4900 64 620 1350 44 230
20 4900 66 600 1750 51 440
25 4900 69 180 2150 53 060
30 4900 72 350 2550 58 070
35 4900 76 130 3000 63 170
40 4900 80 530 3 400 69 880
45 4900 85 540 3 800 77 520
50 4900 91 180 4200 85 960
55 4900 97 440 4700 95 780
60 4900 104 400 4 800 103 800
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Fig. 3 Relationship between energy efficiency and load rate

under the optimal voltage
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Fig. 4 The rotational speed of the rotor circuit without series
resistance under the optimal voltage
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Fig. 5 The rotational speed of the rotor circuit with 2

resistance under the optimal voltage

XFECIE 4 S R s AR ZR AT A, eIl R A
HIBH S, HASE Jo i % B AR, [Rl), 153 1 i
P N SR A S A RSP, 1 # A 2 QHLBH S 51T
MR et ThARRE, BAREE LR 4.

x4 BRABETHEFEESEN2 QEERNHERE
Table 4 The simulation data of the rotor circuit with 2
resistance under the optimal voltage

A MR/ BT BTl FEs iR

% \Y% A A (r-min’") K
0 50 2.29 2,13 1112.0 03173
5 650 46.29 44.48 612.9 0.880 4
10 1 000 56.57 54.01 831.2 0.896 6
15 1350 60.51 56.95 991.2 0.897 1
20 1750 63.86 60.12  1119.0 0.886 0
25 2 150 62.39 53.15  1195.0 0.866 1
30 2 550 62.63 52,92 12450 0.8432
35 3000 71.31 62.61 1289.0 0.809 7
40 3400 74.74 61.98 13140 0.7815
45 3 800 72.15 59.01 13340 07526
50 4200 78.61 5419  1350.0 0.7249
55 4700 85.42 63.10  1369.0 0.6822
60 4 800 84.50 5430  1363.0 0.6985
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Table 5 The total loss data of asynchronous motors with 2
the resistance connected with the rotor circuit

R/ etk BIE || REE R BIER
% HE/V /W % HE/V /W
0 50 70 35 3000 63 470
5 650 23710 40 3 400 70 980
10 1000 37010 45 3 800 76 720
15 1350 43730 50 4200 86 450
20 1750 50 540 55 4700 98 780
25 2150 52960 60 4800 108 800
30 2550 58 460
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Fig. 6 The loss curve of asynchronous motors

under different conditions
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Fig. 7 The relation curve of the energy efficiency and
the load rate under the optimal voltage
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