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Fig.1 Topological structure of a hybrid HVDC system
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Fig.4 Structure diagram for a hybrid HVDC system
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Table 1 Three-pulse harmonic voltage magnitude

i3l LN = ok 3 DR R R/ V 3 0 = ok B U S W 1/ V

WH YYPL YYNI1 YDP1 YDNI1 YYP2 YYN2 YDP2 YDN2
2 21349  2109.0  2098.0  2120.6 2157.6 21086 21181  2117.0
12 6384.5  6390.8  6438.7  6436.5 6477.5  6479.9  6522.0  6524.4

24 2239.7 22663 22617 22534 2348.5  2357.8  2352.8  2361.3
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Table 2 Effective value of harmonic currents at
ends of DC transmission lines

RS2/ U RO R AEL/ A

'S WEL  PSCAD/EMTDC  ARXE
2 49.55 49.70

1 12 15.86 15.87
24 3.01 3.01
2 49.56 49.70

2 12 16.21 16.21
24 3.17 3.18
2 52.63 52.82

3 12 11.58 11.57
24 1.22 1.22
2 52.64 52.84

4 12 11.40 11.38
24 1.27 1.26
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Fig.6 Schematic of passive DC filter arrangement
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Calculation of DC Side Harmonic Currents for LCC-MMC Hybrid HVDC Transmission System

ZHANG Zheren, XU Zheng, XUE Yinglin
(College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: For a hybrid high-voltage direct current (HVDC) transmission system using the line commutated converter (LCC) at
the rectifier side and the modular multilevel converter (MMC) at the inverter side, a calculation method and the complete
process of harmonic current at the DC side are proposed. Firstly, the LCC at the rectifier side is replaced by the three-pulse
harmonic voltage source, whose harmonic output characteristic is equivalent to a twelve-pulse converter. Secondly, the MMC is
represented by a passive electric network, with an improved calculating method for the coupled line model introduced for
calculating the admittance matrix of DC transmission lines. Finally, by comparing with harmonic current calculation results at
the DC side of a digital simulation model based on PSCAD/EMTDC, the accuracy of the proposed method is verified.
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