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Steady-state model of six-phase electrically excitation synchronous wind generators
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(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology, Chongqing University,
Chonggqing 400044, China; 2. State Grid Jiujiang Power Supply Company, Jiujiang 332000, China)

Abstract: Six-phase electrically excitation synchronous wind generator (SP-EESWG) is a special kind of variable speed
constant frequency wind generator. Based on the mathematic models of each part, a steady-state model for SP-EESWG is
proposed and applied to power flow analysis by taking the utilization characteristics of wind energy, the steady-state
characteristics of AC-DC-AC circuit, and the Maximum Power Point Tracking (MPPT), the excitation voltage control, as
well as the unity-power factor control into consideration. A single-machine infinite-bus system and the IEEE14-bus
system including SP-EESWGs is used to verify the model proposed. Simulation results also prove that the widely used
simplified power flow models for wind generators, especially the first- and second-order model, cannot be applied to
steady-state analysis of SP-EESWG because of the large errors presented, and the third-order model can be used as an
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alternative of the model proposed only for the steady state under or near the rated wind speed.
This work is supported by National Natural Science Foundation of China (No. 51307186).
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Fig. 1 Schematic diagram of six-phase electrically

synchronous wind generators
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Fig. 3 Dynamic response under Simulink model
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Table 1 Results under various wind speeds

) Plp.u. T4 Qlpu.
K/
AL Simulink A Simulink
(m/s) " " " "
[l [l i [t
6 0.1217 0.1215 0 1.67x10°
8 0.288 5 0.2840 0 3.55%107
10 0.562 8 0.560 7 0 2.77x10°
11 0.748 8 0.7420 0 3.13x10°
12.2 1.0 0.991 0 0 3.42x107
14 1.0 1.0 0 4.38x10°
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Table 2 Real powers of wind farm for various models

R/(ms) A3 AR TR =R
et PIMW AT BRI % PIMW AT BRI % PIMW AT BRI %
4 1.226 1 3.6957 201.42 0.916 0 -25.29 0.730 2 -40.45
6 4.1373 11.087 4 168.00 5.8208 40.69 3.5923 -13.17
8 9.809 0 184790 88.39 13.1240 33.80 9.2182 -6.02
10 19.1352 25.870 6 35.20 222768 16.42 18.493 5 -3.35
12 32.568 6 33.2622 2.13 33.2792 2.18 32.3303 -0.73
14 34.0 34.0 0 34.0 0 34.0 0
%3 FRREET R ER{E
Table 3 Voltage amplitudes for various models
. A3 IR CREER IR
Ry HUR IR (E/pu. AR 2% HUBIR /P HIRHRZE% HUEIEE/pu. HIXHRZE%
1 1.060 0 1.060 0 0 1.060 0 0 1.060 0 0
2 1.0450 1.0450 0 1.0450 0 1.0450 0
3 1.0100 1.0100 0 1.0100 0 1.0100 0
4 1.019 4 1.020 8 0.14 1.020 0 0.05 1.0193 -0.01
5 1.0212 1.022°5 0.13 1.0217 0.05 1.021 1 -0.01
6 1.070 0 1.070 0 0 1.070 0 0 1.070 0 0
7 1.062 8 1.063 7 0.08 1.063 2 0.03 1.062 7 -0.006
8 1.090 0 1.090 0 0 1.090 0 0 1.090 0 0
9 1.057 5 1.058 4 0.09 1.0579 0.04 1.057 4 -0.007
10 1.0523 1.053 1 0.07 1.052 6 0.03 1.052 2 -0.006
11 1.057 6 1.058 0 0.04 1.057 8 0.02 1.057 6 -0.003
12 1.0559 1.056 4 0.05 1.056 1 0.02 1.0559 -0.004
13 1.052 6 1.054 3 0.16 1.0533 0.06 1.052'5 -0.01
14 1.044 2 1.050 7 0.62 1.046 8 0.25 1.043 7 -0.05
F 4 FEIREEYT R RS A
Table 4 Voltage phases for various models
. A3 R ity ut IR
g HUBASA/)  ANBRZE%  HUBAA)  ANERZES% HUBASAC)  AIXRHRZE%
1 0 0 0 0 0 0 0
2 -4.747 6 -4.547 3 -4.22 -4.669 9 -1.63 -4.761 5 0.29
3 -12.3304 -11.994 4 -2.73 -12.200 2 -1.06 -12.353 8 0.19
4 -9.8108 -9.3812 -4.38 -9.644 6 -1.70 -9.840 6 0.30
5 -8.3139 =79211 -4.73 -8.1618 -1.83 -8.3412 0.33
6 -13.207 3 -12.346 3 -6.52 -12.873 4 -2.53 -13.2672 0.45
7 -12.467 3 -11.703 9 -6.12 -12.1718 -2.37 -12.5202 0.42
8 -12.467 3 -11.703 9 -6.12 -12.1718 -2.37 -12.5202 0.42
9 -13.844 4 -12.908 6 -6.76 -13.4822 -2.62 -13.909 3 0.47
10 -14.017 5 -13.094 9 -6.58 -13.660 3 -2.55 -14.081 5 0.46
11 -13.744 1 -12.8522 -6.49 -13.398 6 -2.52 -13.806 1 0.45
12 -13.9515 -12.994 4 -6.86 -13.580 6 -2.66 -14.0180 0.48
13 -13.938 6 -12.8972 ~7.47 -13.5355 -2.90 -14.0180 0.52
14 -14.100 0 -12.436 5 -11.80 -13.4573 -4.56 -14.2150 0.82
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