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Analysis of influence of grounding fault of the network side of an inverter-side converter
transformer on differential protection
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Abstract: After a single-phase ground fault of the inverter side converter side of a UHV DC transmission system, the
voltage drop on the grid side may cause commutation failure of the DC system, such that the DC component flows into
the converter transformer winding, and causes the transformer core flux to shift, causing the converter transformer to
become saturated, causing a faulty inrush current, which in turn affects its safe and stable operation. In this paper, the
problem of fault inrush current is generated for the single-phase ground fault of the inverter side commutation network.
The characteristics of the grid side fault current under the two conditions of normal commutation and commutation failure
of the converter valve are discussed using the theory of switching function. The variation of commutation flux after a
single-phase ground fault on the side of the side network is studied. On this basis, the influence of current transformer
saturation on commutation differential protection is studied. The results show that the grid-side current transformer is
saturated under the fault condition in the side of the converter network, so that the second harmonic content of the
commutating differential current exceeds the threshold value, resulting in differential protection mis-locking. Finally, the
correctness of the analysis is verified by PSCAD/EMTDC simulation.
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Fig. 1 Ground fault current distribution of commutating valve side
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Fig. 2 Schematic diagram of fault current inrush caused by
DC component of valve side current
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Fig. 3 Characteristics of commutating fault inrush current
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harmonic ratio of internal fault

4 LEip

AICLL 1800 kV A i Ik EL I H H AR SE N WAL
XG, I3HT T AN RIS PRI g s 3 A Hei A2 s 5
M b A s L JRURFALE T 300 3 (I 07 2 s 5 A ] 2%
MR IR 75 A7 AE WP R R IT RIS, ik —28 )
B 7T e TA AN Xt ZZ S ORGP ARG, G518 40F .



Rz, & WA A W O ] ZE B GRG0 BT - 177 -

1) fEAFEE TA WHEIEL T, WARMHRA
L P B AR R )5, e 18 75 R AR A RN
i AR EA S KA, Ao s w4,
XF ZEN R R

2) & TAMAIRITEOL T, 3dint 22 A A=
DX A BRI, DR 0 R AR S BOR R AR A ) o i, A
RPN TA RAEMRT, 30228 R U &
This, EESRPRAB, W ERBRRS LR
BAT AR .

SE 30k

(1] ) 4, e, BRI, Sk ag B i s oR 78 [
MRS R[] 4 E AL TRk, 2016, 36(7):
1760-1771.

TANG Guangfu, PANG Hui, HE Zhiyuan. R&D and

application of advanced power transmission technology

in China[J]. Proceedings of the CSEE, 2016, 36(7):

1760-1771.

[2] ZkEtT, T8, R ERABRRLE SR RAAE
FERIIRIRR[I]. T 75 Hi 77, 2008, 21(1): 7-10.

ZHU Taoxi, WANG Chao. Problems existing in protective

system of converter transformer used in Tian-Guang HVDC

Project[J]. Guangdong Electric Power, 2008, 21(1): 7-10.
(3] EUUM, M7, HeiAe ka2 s bRy e s AT o)

M R SRE[]. Hh E EL LR 44, 2009, 29(31): 87-94.

WENG Hanli, LIN Xiangning. Analysis and

countermeasure of abnormal operation behaviors of the

differential protection of converter transformer[J].

Proceedings of the CSEE, 2009, 29(31): 87-94.

[4] ZHENG Tao, GUO Xingchao, HU Xin, et al. Research
on the fault-induced inrush current of the converter
transformer and its impacts[C] // 2018 2nd IEEE
Conference on Energy Internet and Energy System
Integration (EI2), October 20-22, 2018, Beijing, China: 1-6.

(6] ZEmRfe, XUV, BREEAE. BV AR AR A 4% R0 52
VAR R D). B TR S2 4R, 2012, 27(6): 38-45.
LI Xiaohua, LIU Yang, CAIl Zexiang. Analysis of
grounding fault at HVDC converter transformer valve
side[J]. Transactions of China Electrotechnical Society,
2012, 27(6): 38-45.

(6] B, AUlHE, £&, % ZWAREERGERSH
S AR RO T[], FIECR, 2015, 39(3): 705-711.
ZHAO Tong, LU Mingchao, LOU lie, et al. Analysis on
potential anomalous commutation failure in multi-infeed
HVDC transmission systems[J]. Power System Technology,
2015, 39(3): 705-711.

[7] ZHENG Tao, HUANG Ting, MA Yulong, et al.
Histogram-based method to avoid maloperation of

(8]

[9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

transformer differential protection due to current-transformer
saturation under external faults[J]. IEEE Transactions on
Power Delivery, 2018, 33(2): 610-619.
HVE, HAEE. R v IR A R I R R AR AL B
XPE R RISE]. B A sk, 2019, 39(5):
109-115.
ZHENG Tao, HU Xin. Fault inrush current mechanism of
UHV converter transformer and its impacts on differential
protection[J]. Electric Power Automation Equipment,
2019, 39(5): 109-115.
B, BRITfE, A2, 20 B0 AH xS BV i
A RS2 ], FURER, 2004, 30(3): 60-62
JING Yong, OU Kaijian, REN Zhen. Analysis on influence
of AC single phase faults on HYDC commutation failure[J].
High Voltage Engineering, 2004, 30(3): 60-62.
FR. mHEERAEREGM]. dnt BleE R
2010.
e, EHE, B8, % SRR A TR
PP FERLEL R o 23 R4 e ). *e 0 A Bk ik
%, 2019, 39(9): 39-45.
ZHENG Tao, GUO Xingchao, HU Xin, et al. Mechanism
of fault inrush current of inverter-side converter
transformer and its influence on differential protection[J].
Electric Power Automation Equipment, 2019, 39(9): 39-45.
RFES, BEKEE, 2R, S ETTHHE AR A
Hausdorff #f & RIE GRAFT FIHE[I]. I R GRS 515
1, 2019, 47(18): 128-135.
WU Ziliang, ZENG Genghui, LI Yiquan, et al. A novel
criterion for fast protection of transformer based on
Hausdorff distance and double threshold[J]. Power
System Protection and Control, 2019, 47(18): 128-135.
DENG Yujia, LIN Sheng, FU Ling, et al. New criterion
of converter transformer differential protection based on
wavelet energy entropy[J]. IEEE Transactions on Power
Delivery, 2019, 34(3): 980-990.
2R, e s B A L B PR AT 9T 5 T Ok B B AR [ D).
JUM: SEREELTOR A, 2017.
LI Zilin. Research on HVDC phase-locked loop and
modelling of switch function[D]. Guangzhou: South China
University of Technology, 2017.
BT, EMRMR, R, . BTSSR R E
s R s LR T R R BCE R[] [ FE L A
24, 2017, 37(18): 5389-5398.
LI Zilin, WANG Juanjuan, LI Yaojia, et al. A switching
function model of hvdc converters based on actual zero
crossing points of commutating voltages[J]. Proceedings
of the CSEE, 2017, 37(18): 5389-5398.
X, AR, Rh, 5. HVDC RS LM il 5



-178 -

CEEE R R

[17]

[18]

(19]

[20]

(21]

[22]

[23]

Far[d]. HPIEAR, 2009, 33(12): 8-12.
LIU Jian, LI Xingyuan, WU Chong, et al. Research on
critical index of commutation failure in HVDC systems[J].
Power System Technology, 2009, 33(12): 8-12.
HPL, BB, TRAE. HVDC HuAf 2 MO A Rk &
O Z SR AP IR 23 B AR SR ], R B ke
2015, 35(4): 109-114, 120.
SHEN Hongming, HUANG Shaofeng, FEI Bin. Transient
characteristic of HVDC system during commutation
failure and its effect on differential protection and
countermeasures[J]. Electric Power Automation Equipment,
2015, 35(4): 109-114, 120.

ZHOU Zexin, CHEN Zhengguang, WANG Xingguo.
AC fault ride through control strategy on inverter side of
hybrid HVDC transmission systems[J]. Journal of Modern
Power Systems and Clean Energy, 2019, 7(5): 1129-1141.
ISR, 00U, S/, SF R LU B R A
SRWCHIWTARAE R D7 L4 [J]. R, 2007, 31(1):
20-24.

HE Chaorong, LI Xingyuan, JIN Xiaoming, et al.
Simulation analysis on commutation failure criteria for
HVDC transmission systems[J]. Power System Technology,
2007, 31(1): 20-24.

TR, 900, B, S FETIT S RO R i A 48T
BHPEIZ WA o E EALCRESAK, 2010, 30(6): 1-6
AN Quntao, SUN Li, ZHAO Ke, et al. Diagnosis method
for inverter open-circuit fault based on switching function
model[J]. Proceedings of the CSEE, 2010, 30(6): 1-6.
MENDES A M S, CARDOSO A J M. Voltage source
inverter fault diagnosis in variable speed AC drives by
the average current Park’'s vector approach[C] // IEEE

International Electric Machines and Drives Conference,
May 9-12, 1999, Seattle, WA, USA.

KRISHNAMURTHY S, BANINGOBERA B E.
IEC61850 standard-based harmonic blocking scheme for
power transformers[J]. Protection and Control of Modern
Power Systems, 2019, 4(4): 121-135. DOI: 10.1186/
s41601- 019-0123-7.
akEME, 22, E5, % 2T Adaboost 1) BB

[24]

[25]

[26]

L PR T SR AR R T 7 VA D). IR GRS S,
2019, 47(13): 69-77.

ZHANG Guohui, LI Zhizhong, WANG Bin, et al. Early
warning method of HVDC line continuous commutation
failure based on Adaboost algorithm[J]. Power System
Protection and Control, 2019, 47(13): 69-77.

BRTK, RMERE, BRER, S JBIRLVE N s LA
LR G R IR FE AL ST ). IR G
T4 545, 2019, 47(13): 54-61

RAO Yufei, ZHANG Penghui, LI Chenghao, et al.
Mechanism and evaluating method for HVDC
commutation failure caused by inrush current[J]. Power
System Protection and Control, 2019, 47(13): 54-61.
BR, Y, BN, S FETNZEEN YIARERL
A ANV A0 KT 77k [0]. o E AL DR AR AR, 2007
27(13): 6-11.

GU Jun, ZHENG Tao, XIAO Shiwu, et al. A new
algorithm based on time differential method to identify
sympathetic inrush of transformers connected in
wye-delta mode[J]. Proceedings of the CSEE, 2007,
27(13): 6-11.

Eile, BEFL, XIE, &5 G IR TER BEAR FL A
LA BUIR S R JE AT R [J]. B R G KL H SR
2016, 28(12): 89-95.

WANG Qian, LU Yuhang, LIU Yong, et al. Application
status and development prospect of optical transformer in
smart substation[J]. Proceedings of the CSU-EPSA, 2016,
28(12): 89-95.

UgiE HHEA: 2019-10-25;
fEHE

&M@ HEA: 2020-02-21

FHE1986—), F, AR, BRI E A M 4%

wi&k47; E-mail: dkzxbhc@163.com

B4 (1996—), B, @144, ik, HLraAh

W, ) A gk B ARY; E-mail: guoxc1996@163.com

FEA(1982—), *, HARIEIF, MR I EHEM%

@, %47 . E-mail: 693400664@qq.com

(¥ B2t



