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Analysis of non-characteristic harmonic in UHVDC system

ZHOU Guowei, GU Yongdi, ZHOU Jianping, LIU De
(Maintenance Company of State Grid Zhejiang Electric Power Company, Hangzhou 310000, China)

Abstract: Ultra High Voltage Direct Current (UHVDC) has a rapid development in China by means of its special large
capacity, long distance, high voltage and so on. This paper carries out a series of research on AC non-characteristic
harmonic currents of UHVDC system. Firstly, it theoretically analyzes the appearance of 5/7 times non-characteristic
harmonic currents at the unbalanced converter transformer impedance and trigger angle of UHVDC. Then, according to a
real domestic UHVDC operation parameter, a simulation module is established by PSCAD/EMTDC. Finally, aiming at
two major cases that the unbalanced converter transformer impedance and trigger angle of UHVDC, it calculates the AC 5/7
times harmonic currents. The simulation results show that the unbalance converter transformer impedance has less
influence on AC/DC power system while the lopsided trigger angle indeed has a relatively large influence that AC 5/7
times harmonic currents appear greater, exceeding the current harmonic content maximum standard of 1%.
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Table 1 UHVDC system nominal operating parameters
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Table 2 High-end converter transformer nominal

parameters of the inverter

Tt H i
HY HD
B5E 25/MVA 382
e Y (510//3)/(161.8/3) (510//3)/(161.8)
BE % Hz 50
WUE BT 19.9%

% 3 HTMIKHERTHESH
Table 3 Low-end converter transformer nominal

parameters of the inverter

Tt H ZH
LY LD
Wi 25/MVA 382
Wi AV (5103)/(161.8/4/3) (510//3)/(161.8)
B Mz 50
WUE BT 19%

F 4 BRMERTHESH
Table 4 Converter transformer nominal parameters

of the rectifier
Tt H ZH
HY/LY LD/LD
5E 75/MVA 404
Wi AV (5103)/(161.8/4/3) (510//3)/(161.8)
BE % Hz 50
WUE BT 19.5%
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Fig. 1 Diagram of UHVDC system simulation module
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Table 5 Manufacturer-offered converter transformer

impendence
Wi A% HY ‘ HD LY ‘ LD
WE P UE 19.9% 19%
I FKHPUE 19.56% 20% 18.54% 18.3%

%6 TERMIMBRE

Table 6 Impendence errors of simulation case

PHHLG 22 %42 ESUE %0 4 e
AXyy 0.2% 0.4% 0.6% 0.8%
AXy -0.2% -0.4% -0.6% -0.8%
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Table 7 Harmonic currents at unbalanced converter

transformer impendence

WL 1 5 7 11 13
ESUR! 8287.56 0.00 0.00 2421 23.62
%4 2 8287.58 10.00 1.57 24.26 23.67
E3VIK] 8284.85 25.89 5.50 24.90 24.57
%4 4 8282.35 4227 9.61 25.55 25.46
EXVH 8279.66 59.01 13.88 26.18 2635
%4 6 8284.23 10.05 3.31 25.85 25.62
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Fig. 2 AC currents waves at maximum imbalanced impendence
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Fig. 3 AC harmonic currents contents at

imbalanced impendence
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Table 8 Trigger angle errors of simulation case

mm&;ﬁ] ESUN 4 2 EJVIK] %4 4 EJVE
iz

Aay 0.5° 1.0° 1.5° 2.0° 2.5°
Aay -0.5° -1.0° -1.5° -2.0° -2.5°

9 ST IR EE R I AN DR FLR
B, W 4 Rl O ASTATI 01 11 R9 gt 4
HPIE, B 5 &S ER RS .

HHR 9 R 5 el 4, s asfid & f AN T
I, N HIRAERFIE U, BB 5. 7 YD Bl
HR AR LRI, 5 7 IR S P

9 Mk A TART AR B R

Table 9 Harmonic currents at lopsided trigger angle

WL 1 5 7 11 13
ESUR! 8281.12 87.24 20.82 2569 | 25.67
%4 2 8270.45 182.96 4593 2727 | 2791
E3VIK] 8264.98 274.87 70.50 28.02 | 29.01
%4 4 8262.81 361.06 93.70 2793 | 2887
%4 5 8265.95 445.18 116.14 27.10 | 27.54
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Fig. 4 AC currents waves at lopsided trigger angle
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Fig. 5 AC harmonic currents contents at lopsided trigger angle
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