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Study on suppression strategy for subsequent commutation failure in HVDC transmission
systems with photovoltaic integration
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Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract: It has become a trend that large scale renewable energy power generation systems are connected to the
receiving end grid of HVDC transmission systems. However, there is limited research on suppressing subsequent
commutation failure in HVDC systems under such scenarios. First, in view of the scenario of PV connecting to the
receiving end of LCC AC grid, the relevant mechanisms of subsequent commutation failure induced by PV after an AC
fault are analyzed. It is found that after the initial commutation failure recovery, LCC experiences oscillations in the firing
angle command due to PV output fluctuations. To address this, a subsequent commutation failure suppression strategy
based on the suppression of inverter control command oscillations is proposed. By introducing additional current and
extinction angle deviations into the constant current control and constant extinction angle control, the proposed method
alleviates oscillations in the firing angle command. Finally, PSCAD/EMTDC simulations under different PV installation
capacities, connection distances, and fault locations validate the effectiveness of the proposed suppression strategy.
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Table 2 Statistics of LCC commutation failures before and after putting in different strategies in different
PV installed capacity when a three-phase ground fault occurs
kR I/ H
R MVA =
0.10 0.15 020 025 030 035 040 045 050 055 060 065 070 0.75 080 0.85
W 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
110 TR 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2
Fim 3 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1
W 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
90 g 2 1 1 1 1 1 1 2 2 2 2 2 2 1 1 1 1
Fim 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
W 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
60 g 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
W 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
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Table 3 Statistics of LCC commutation failures before and after putting in different strategies in different PV
access distances when a three-phase ground fault occurs
Y K SR
0.10 0.15 020 025 030 035 040 045 050 055 060 065 070 0.75 080 0.85
WS 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
25 e 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2
S 3 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1
W 1 3 2 2 2 2 2 2 2 2 2 2 2 2 0 0 0
50 i) 2 2 2 2 2 2 2 2 2 2 1 1 0 0 0 0
i 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
Mg 1 3 3 3 3 3 3 3 0 0 0 0 0 0 0 0 0
100 TR 2 1 3 3 3 3 3 1 0 0 0 0 0 0 0 0 0
Flg 3 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0
R4 DA EEERT A REIEGE T A RIRIRIR ARG LCC MR MR #igtit
Table 4 Statistics of LCC commutation failures before and after putting in different strategies in different fault
locations when a three-phase ground fault occurs
R E A LB/ H
0.10 0.15 020 025 030 035 040 045 050 055 060 065 070 075 0.80 0.85
M 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
iy ol Hng 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
TR 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
TR 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
LB TR 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
TR 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SRS 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
LRBRES KT e 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2
SNg 3 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1
* 5 BIREMEERN AERARENEE TAEREIRARG LCC BABRMBUR K it
Table 5 Statistics of LCC commutation failures before and after putting in different strategies in different PV
installed capacity when a single-phase ground fault occurs
Sk RMVA O 1L
0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30
g 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2
110 Hilg 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hmg 3 1 1 1 1 1 1 1 1 1 1 1 2 1 1
TR 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2
90 TR 2 1 1 1 2 2 2 1 1 1 2 2 2 2 2
HMm 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1
g 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
60 Mg 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1

HWE 3 1 1 1 1 1 1 1 1 1 1 1 1 1
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Table 6 Statistics of LCC commutation failures before and after putting in different strategies in different PV access
distances when a single-phase ground fault occurs
LB K L
0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30
g 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2
25 S 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SR 3 1 1 1 1 1 1 1 1 1 1 1 2 1 1
SRS 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2
>0 5K 2 1 1 1 1 2 1 1 1 1 2 2 2 2 2
S 3 1 1 1 2 1 1 1 1 1 2 1 1 2 2
Mg 1 3 3 3 3 3 3 3 3 2 3 1 0 0 0
100 S 2 2 2 1 1 2 2 1 2 2 2 1 0 0 0
SR 3 1 1 1 1 1 1 1 1 1 1 1 0 0 0
R 7 BAEEMEPER T RIS E T ARG LCC MBR MR B4t it
Table 7 Statistics of LCC commutation failures before and after putting in different strategies in different fault
locations when a single-phase ground fault occurs
. W B/ H
A B
0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30
SRS 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2
EE s 2 1 1 1 1 1 1 1 1 1 1 2 1 2 2
Hwg 3 1 1 1 1 1 1 1 1 1 1 2 2 1 1
SRS 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2
Heirh g 2 1 1 1 1 1 1 2 1 1 2 2 1 1 1
Hwg 3 1 1 1 1 1 1 1 1 2 2 1 2 1 2
SRS 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2
LA g 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1
G 3 1 1 1 1 1 1 1 1 1 1 1 2 1 1
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