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Research on power flow of wind farm grid-connected system based on VSC-HVDC

NIU Bo-yan, HU Lin-xian, ZHANG Zhong
(School of Electrical Engineering and Automation, Harbin Institute of Technology, Harbin 150006, China)

Abstract: Flexible HVDC system is very suitable for offshore wind farm grid-connection, but when traditional AC-DC power flow
algorithm is used to calculate the power flow of grid-connected wind farm based on VSC-HVDC, once removing the DC system, the
wind farm becomes isolated communication node, thus the Jacobi matrix of communication system will not be irreversible and
iterative process can't be continued. Aiming at these defects, this paper proposes a AC/VSC-HVDC power flow decoupled algorithm
containing VSC-HVDC, by which the AC system and DC system are decoupled and computed iteratively. This algorithm overcomes
the shortages of existing AC/DC hybrid system power flow calculation algorithm, such as bad inheritance to AC power flow
calculation program, much expansion variables, slow calculation speed, and so on, and solves the problem of wind farm VSC-HVDC
grid-connected system power folw algorithm. Calculation of standard examples verify that the proposed algorithm is valid and can be
used for steady-state power flow analysis of wind farm DC grid-connected system.
This work is supported by National High-tech R & D Program of China (863 Program) (No. 2011AA05A105).
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Fig. 1 VSC connected to the AC/DC system
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Fig. 2 Wind farm connected to the AC system
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Fig. 3 Asynchronous generator equivalent circuit
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Table 1 Calculation results of the example system 1 AC

subsystem

Rl gk RS PRE AR RS S
5 T {H/p.u. A ) T {H/p.u. M)
1 1.060 0 0.0 1.060 0 0.0
2 1.0100 -15.2620 1.0100 -15.2057
3 1.070 0 -12.438 8 1.070 0 -12.4156
4 1.054 8 -15.6153 1.054 8 -15.5737
5 1.090 0 -15.6154 1.090 0 -15.5737
6 1.032 8 -16.460 7 1.032 8 -16.422 1
7 1.030 8 -16.028 0 1.030 8 -15.9922
8 1.045 5 -14.363 3 1.045 5 -14.333 8
9 1.0553 -13.2113 1.0553 -13.1872
10 1.046 0 -13.7321 1.046 0 -13.706 8
11 1.0198 -16.291 6 1.019 8 -16.258 7
12 1.0102 -5.8178 1.010 6 -5.759 6
13 1.010 6 -4.1692 1.010 6 -4.1578
14 1.032 4 -14.043 0 1.0323 -13.9955

*2 BHIRE | ERTREFIHTELER
Table 2 Calculation results of the example system 1 DC

subsystem
Ua/ Is/ 5 P,/ o/
Hiidy ik M
p.u p.u ) p.u p.u
% .
20000 0.6187 107159 08074 12490 0.2099
AR
VsC,
AL
20000 0.6145 105554 08075 12490 0.2099
Jiik
% -
19920 0.1811 -3.0352  0.8291 -03601 0.0187
AR
VSC,
AL
20007 -0.1800 -3.0349  0.8255 -0.3601 0.0187
Jiik
% .
19894 04375 68126  0.8675 -0.8663 -0.0864
AR
VSCs
AL
19940 04345 68128  0.8657 -0.8663 -0.0864
Jiik
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Table 3 Comparison of two methods
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Table 4 Calculation results of the example system 2 DC

subsystem

e Ua Iy () M Py O

VSC, 2.0000 -0.5947 -13.5419 0.7317 1.1894 -0.0864

VSC, 20178 0.5947 8.0349 0.8542 1.2 -0.1711

BUSI1

x5 BHIRFE 2 RRTFRAFIHELER
Table 5 Calculation results of the example

system 2 AC subsystem

MRS HUE )

1 1.052 608 -0.216 486
2 1.017 862 -11.847 052
3 0.994 274 -18.777 874
4 0.956 398 —42.778 603
5 0.829 734 =36.116 730
6 0.847 658 1.896 736
7 1.055 599 -0.310 694
8 0.997 337 -18.675714
9 1.05 11.747 716
10 1.02 11.747 716
11 1.05 0.0

F 6 KRRBGIHFNE LR
Table 6 Iteration number statistics and the

algorithm time-consuming
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