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Fig.1 Hybrid two-terminal DC trans-
mission system topology
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Fig.2 Steady-state model using LCC converter
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Fig.3 Steady-state model using VSC commutation
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Fig.4 Schematic diagram of alternating
iterative method for AC and DC systems
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Table 2 Converter parameter list

2 Lce VSC
H4/p.u. X, =0.15 X, =0.2
W B E n 2
e LB R/ p.u. 0.005
BHIRHBH Ry /p.u. 0.03 0.03
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Table 3 AC system power flow calculation results

W ARIEWEE/pu. R (%)
1 0.977 2 26.8
2 0.982 1 25.5
3 0.973 7 -0.7
4 0.947 5 13.1
5 0.999 8 33.8
6 1.030 0 32.4
7 1.000 0 0.0
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Table 4 DC systempower flow calculation results

2R VSC LCC
U, /p.u. 2.000 0 2.030 0
I, /p.u. ~1.000 0 1.000 0
5 (VSC)/cos § (LCC)  —0.384 2 0.873 3
M(VSC)/cos ¢ (LCC) ~ 0.884 5 0.769 1
P, /p.u. -1.980 0 2.030 0
Q. /p-u. -0.100 0 1.686 8
U, /p.u. 0.973 7 0.982 1
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Fig.7 Modified IEEE-14 node hybrid
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Table 6 AC system power flow calculation results

Wl HRRIR{E pou. MIGL/(0) ||V BB/ pou. MG/ ()
1 1.060 0 0 8 1.090 0 -13.6
2 1.0450 -5.0 9 1.051 3 -15.3
3 1.010 0 -12.7 || 10 1.038 8 -15.9
4 1.017 6 -10.3 || 11 1.050 3 -15.0
5 1.019°9 -8.8 12 1.056 7 -14.5
6 1.070 0 -13.9 |l 13 1.055 1 -14.3
7 1.059 3 -13.6 || 14 1.047 1 -15.3
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Table 7 DC system power flow calculation results

BH VSCl1 VsC2 LCC

Uy /p.u. 1.998 7 1.998 7 2.000 0

I, /p.u. -0.0400  -0.0476  0.0876
8(VSC)/ ky (1CC) -0.6245  -0.7288  0.7472
M(VSC)/cos @ (LCC)  0.860 3 0.860 3 0.958 8
P, /pu. -0.0800  -0.0950  0.1752

Q. /pu. 0.018 7 -0.0367  0.0519

U, /p.u. 1.055 1 1.047 1 1.038 8
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Power flow calculation of multi terminal AC / DC system based on hybrid converter
XIONG Yueqing'?, LI Feng®, XU Peng’, WANG Zhuo'*, XU Guosheng'
(1. College of Energy and Electric Engineering, Hohai University , Nanjing 210098, China;
2. China Electric Power Research Institute , Nanjing 210003, China)

Abstract: LCC and VSC are essentially different in the steady-state model and working principle. When the two converters are

mixed and applied to the same multi-terminal HVDC transmission system, the steady-state mathematical model and the power

flow calculation method have also changed accordingly. Firstly, the steady-state model of the hybrid system is described. Then,

based on the comprehensive consideration of the working principle and control mode of the two converters, the mathematical

model of the power flow calculation of the hybrid system is derived. Furthermore, an alternating solution algorithm suitable for

the hybrid system is proposed. Finally, the effectiveness and accuracy of the proposed algorithm are verified by a hybrid DC

transmission system example and a hybrid three-terminal system.

Keywords :line commutated converter ( LCC) ; high voltage direct current ( VSC) ; hybrid multi-terminal direct current trans-

mission ; power flow calculation ; alternating iteration method
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