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Fig.1 Flow chart of optimized reactive power allocation
scheme for suppressing transient overvoltage
at the sending end
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Fig.2 Flow chart of the cutter scheme for suppressing
transient overvoltage at the sending end
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Table 2 Results of transient voltage rise at PCC of each
wind farm before and after reactive power optimization
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Table 3 Transient voltage rise results at PCC
of each wind farm before and after
the turbine cutting scheme

KRk AR s ISR

JEFHE/p.u. JEFHE /P, FETHE/p.
J/RI110 kV 0.363 0.297 0.265
HHELPE 110 kV 0.355 0.291 0.232
MEELAL110 kv 0.351 0.288 0.233
JHEL R 110 KV 0.361 0.295 0.255
FKPE110 kV 0.362 0.296 0.249
FKAR110kV 0.371 0.304 0.251
FRZAR110 kV 0.369 0.301 0.284
Fgdt110 kv 0.366 0.290 0.280
SRR 110 kV 0.340 0.275 0.220

1.25 pu<U<1.3 p.u.Z [0 4 KE i) 0] 8 i 500 ms A"
o KA . AERBIIILT R )5, s
SCEZR 110 kV BEZ B A f R 1.284 pou., HAY
TE 1.25 pu<U<13 pu.Z[A4EHF T 1 ms, B 1 i
JRUREL 37 IR R ML fe S J3E DO XS A1 - 25 |, S g
Y JE D AR L By 2 RET ALy S8 X6 L I U P4
B ) A A e A AR I, SRR R I T 3 v
2 F 40 XU E HILZE S B I A RS

5 #Hig

Sy ek AV L U UK A 0580 5 I 3% i 2R 498 XL FEL AL
R AL 25 B Ot ) 1) XS, i T — el 410 it 326 iy 3R
SR R P C DAL L B 7 5 o %7 A
TR BRI, K8 R %2 K
B E AR 9 A, 38 2 X 4 3 B 4R A 1 JE T I AR i
PEATOLARHS EFR 19 2508 A5 i e AR A1 28 2R 0 A
Teo LA le & B ah B T — AL, i —
REAR B AR S0 A ik . 5T DIgSILENT/
PowerFactory 4 # T £800 kV K " 1 Ji ¥ fi 2 4t K
ik v RGBT, {7 FLEE SRR B, SCrb T oy ok
H bR 57 sl B A A R BRI 0.12 pou., K B B AT 3k
95.56%, 43 S REAR T LI SU A1 8 5k % I 226 S 8
58358 I XL

TAHWER, R AR A AR S
YR Hh LA 2% i R AT I 2 b DX BT B VR 3 0 A HL R
Wesho B, XFFZ2 B BreleE b i e
KRG, Hi AT E R R ERE LR,
SCHMTh e 2 %) 22 B I 8] 38 H AR A 52 0 A9 AR C 5T,
Je SRR X% A L — 25 R IR SE .

&% Hk:
(1] 2R, XURE, WP B T8 ) s it b 1 1 Ay 3 [ ol ) 3R 55

KREHTHI[I]. P E AL TR, 2021, 41(18): 6245-6259.
LI Hui, LIU Dong, YAO Danyang. Analysis and reflection on
the development of power system towards the goal of carbon
emission peak and carbon neutrality[J]. Proceedings of the
CSEE, 2021, 41(18): 6245-6259.

(2] fERA, H T, ey, 55 XUk HAR T 3 EHTAL L ) REEM
P S AR (1], iR, 2022, 46(10): 3831-3839.
REN Dawei, XIAO Jinyu, HOU Jinming, et al. Construction and
evolution of China's new power system under dual carbon
goal[J]. Power System Technology, 2022, 46(10): 3831-3839.

[3] XIA C Y, ZHANG J, ZHAO J, et al. Exploring potential of

urban land-use management on carbon emissions: a case of

Hangzhou, China[J]. Ecological Indicators, 2023, 146: 109902.

XL, K, SR, SCEERTREREE L J) AR i s TR &

DLABLESRIEAT ST (7], A BRAEUR ELR I, 2023, 6(2): 101-112.

LIU Zehong, ZHOU Yuanbing, JIN Chen. Optimization strat-

egy study on installation mix of renewable energy power base

(4

()

for supporting outbound delivery[J]. Journal of Global Energy
Interconnection, 2023, 6(2): 101-112.

EYE, AR, 2008, % AU AE R GER R R R P
JA I BRI FR ST 1], A, 2021, 38(6): 14-20.
WANG Hua, LI Xiangjun, LI Wenqi, et al. Research on emer-

[5

—

gency power support method of distributed energy storage
system after UHVDC blockage[J]. Distribution & Utilization,
2021, 38(6): 14-20.

RRPH4: 2%, W, WRIEAR, 5. BET NP JC ) 5 fid & f iR 25 4h
BB B R Sk s S U A e R ik () B R
il Stk 2024, 52(24): 53-63.

OUYANG lJinxin, TAO Rui, PAN Xinyu, et al. A suppression
method for sending-end transient overvoltage of LCC-HVDC

[l

(6

based on the compensation of unbalanced reactive power and
firing angle error[J]. Power System Protection and Control,
2024, 52(24): 53-63.

XBEHE, # 5T, RNEL, %, HVDC 2348 i R S MRy 45
i R IEAGE bR (V). FLJ R, 2023, 44(1): 64-72.

LIU Xiaolin, CAO Zeyu, GAO Bingtuan, et al. Evaluation index

[l

(7

of transient overvoltage during fault at HVDC sending-end AC
system[J]. Electric Power Construction, 2023, 44(1): 64-72.
(8] BREE, R, SFHT, 5. 5 1 AR ST MR I LI 1Y 52 AR
BRe ) RS A RE RIS 7k 0], s ) A Sl eist 4%, 2020,
40(9): 102-111.
CHEN Xing, HUANG Tianxiao, WU Xiangyu, et al. Transient
energy calculation method of AC-DC hybrid power system
considering post-fault trajectory [J]. Electric Power Automation
Equipment, 2020, 40(9): 102-111.
TRACTE, AR, RIRES, S FARPLTE R ) RGP i R SR
SR, BT RERADE, 2024, 11(4): 31-41.
ZHANG Donggqing, ZHANG Guohua, XU Lingling, et al.

—

[9

Development application and dynamic characteristics of
synchronous condenser in electric power system[J]. Southern
Energy Construction, 2024, 11(4): 31-41.

(107 Eme, X17%, F, 5. JOMBCH RE IR A R Ge 8 A3 i SR


https://doi.org/10.1016/j.ecolind.2023.109902

165

U A SU PR BT T 26 S B AR R 5 15 18 R SR A ad U 1

[11]

[12]

[13]

[14]

[15]

[16]

[17]

FeERR V], RLEMTR 47, 2023(6): 94-102.

FAN Peng, LIU Fei, WANG Jian, et al. Review on of research
of transient overvoltage of large-scale new energy access to
power system[J]. Insulators and Surge Arresters, 2023(6): 94-
102.

BB, VRGeS, MESCHI, S, XU R b BB O KU ITAl D7
LR MR BTIE U], MR, 2019, 43(3): 903-910.

BI Pingping, XU Xiaoyan, MEI Wenming, et al. Study on
cascaded tripping-off risk assessment method and delivery
capacity of wind power base[J]. Power System Technology,
2019, 43(3): 903-910.

RS, NG, 7 BT A5 F A0 ) f s AR H B He
FTOeACTT % (1], g 2%, 2023(6): 117-125.

LI Wenzhu, KOU Hanpeng. Reactive power optimization
method of new energy outgoing grid considering transient
overvoltage suppression[J]. Insulators and Surge Arresters,
2023(6): 117-125.

A, AT BT, AR, S5 BT AT AR TR G A BT R IR A
JEAM 17785 I]. i T AL A 50D M, 2024, 45(3): 123-
129.

REN Chong, KE Xianbo, CHENG Lin, et al. Transient over-
voltage suppression method of new energy based on control-
lable transformer[J]. Power Capacitor & Reactive Power
Compensation, 2024, 45(3): 123-129.

bk, EHE, A, 5. ARG 5T RSB R 0 KUk
FTH 326 3 2R S0 A5 2o L PR AR S M 3 7 (D). WL 2R, 2024,
48(11): 4589-4597.

PEI Lin, WANG Tong, ZHAO Wei, et al. Analysis of the influ-
ence of virtual inertial control on the transient overvoltage of
the wind-thermal-bundled sending system in the scenario of
commutation failure[J]. Power System Technology, 2024,
48(11): 4589-4597.

SR, AT, 2 RS, S5 GRS R GESRE T B R TR
SEH SR AR A L AL R st SRk 0] vl ) R e AR
¥, 2024, 52(21): 117-128.

SHI Yingping, YIN Chunya, LI Fengting, et al. Transient over-
voltage mechanism and control strategy considering active and
reactive interaction when there is a fault in the sending end AC
system[J]. Power System Protection and Control, 2024,
52(21): 117-128.

JBTE, W, W, . AR SR A e AR A
22 B 55 26 i R G M D] LR, 2021, 45(4):
1496-1506.

TU Jingzhe, PAN Yan, ZI Peng, et al. Ximeng AC/DC weak
sending-side system characteristics with angle instability and
transient overvoltage[J]. Power System Technology, 2021,
45(4): 1496-1506.

AR, FTBE I, S, S5, RAMUBEXU AR Hh RSt R
e K 5 D7 R OLARF A (1], 5 R HL 2%, 2020, 56(5):
163-174.

REN Chong, KE Xianbo, FAN Guowei, et al. Transient volt-

age stabilization and control optimization for large-scale wind

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

power UHV DC transmission system[J]. High Voltage Appa-
ratus, 2020, 56(5): 163-174.

R, B0, 5, 4. w LLAHTRE IR AR o R A
PEARBLAE AL IC & (1], o) RGP 548, 2022, 50(23):
133-141.

SUO Zhiwen, LI Hui, ZHANG Feng, et al. Optimal configura-
tion of a distributed synchronous condenser for an HVDC
sending-end system with a high-proportion of renewable
energy[J]. Power System Protection and Control, 2022,
50(23): 133-141.

RS AL, £, IR0, 55, T [ A B BT S St e
B RUpLE R RN B I (0], o RGP S, 2021,
49(15): 84-92.

XIANG Yuwei, WANG Tong, LI Congcong, et al. Strategy of
emergency generator tripping control for transient stability after
a large capacity HVDC blocking fault[J]. Power System
Protection and Control, 2021, 49(15): 84-92.

W, £, ERP. BIRMSUS REESRE B2 R
HSRMEHEE L], ALy RGP S 15, 2023, 51(4): 43-52.
HU Jiawei, WANG Tong, WANG Zengping. Collaborative
emergency control strategy of system transient stability after
DC blocking[J]. Power System Protection and Control, 2023,
51(4): 43-52.

RN, 25 R, FHAE, S5, BT OO B T 3% 30 R 4t
AR EITR RO B RE AR S R, 2021,
49(1): 1-8.

LI Xinyue, LI Fengting, YIN Chunya, et al. Transient overvolt-
age calculation method of HVDC sending-end system under
DC bipolar blocking[J]. Power System Protection and Control,
2021, 49(1): 1-8.

AL, AR, AR, SRR TR AL S M BUR IS
JETFFE Tk 7). W g L A8 5 TR D A3, 2020, 41(1):
184-190.

XIN Chaoshan, YIN Chunya, LI Fengting, et al. Calculation
method of transient voltage rise after UHVDC complete block-
ing[J]. Power Capacitor & Reactive Power Compensation,
2020, 41(1): 184-190.

HR3E, Vil . SR 245 A S AR B 70 8 P LU R
AR i vk (7). v AL AL AR A4, 2012, 32(4): 108-
114, 11.

SHAO Yao, TANG Yong. A commutation failure detection
method for HVDC systems based on multi-infeed interaction
factors [J]. Proceedings of the CSEE, 2012, 32(4): 108-114,11.
BN, FH, AR, 58 B R G r N 2 A H.
EA T 92 R ], s8R, 2017, 41(11): 3532-
3540.

XIA Chengjun, WANG Zhen, DU Zhaobin. Practical calcula-
tion method for multi-infeed interaction factor considering
HVDC system control modes[J]. Power System Technology,
2017, 41(11): 3532-3540.

EZ 7B HER, FbRME e B2 51 2. WAL 7%
AT RGEHARME 5 18 b £ XA GB/T
19963.1—2021 [S]. JLxt: sPEpRAE L ATHE, 2021.



2 HEHEAR 166

State Administration for Market Regulation, Standardization

Administration of the People's Republic of China. Technical

controllable self-recovery energy consumption device[J].
Automation of Electric Power Systems, 2024, 48(9): 142-150.

specification for connecting wind farm to power system: part 1: [20] &2, 3k, £75, 5. RS & B IRIME RGERHEN B

on shore wind power: GB/T 19963.1-2021[S]. Beijing: Stan- I ] JEAAF 5 (0] A= BRAEIE HIKI, 2023, 6(1): 71-79.

dards Press of China, 2021. CAO Hao, YAN Huan, WANG Lei, et al. Research on renew-
[26] FrGE, 2 RUEE, JEIHE, 5. 4TI 0 T 50 B L 0 able energy off-grid of DC transmission system caused by DC

BB R D). A RS 3k, 2019, 43(10): fault[J]. Journal of Global Energy Interconnection, 2023, 6(1):

150-154, 161. 71-79.

YIN Chunya, LI Fengting, ZHOU Shiyuan, et al. Calculation [30] s, FHalily, sUR, 45, & LBl fe i R AW Kz

method of transient overvoltage due to DC blocking based on PRS2 L], ) RGO 54, 2024, 52(1): 23-34.

short circuit ratio of reactive power [J]. Automation of Electric HAN Lu, YIN Chunya, DAI Chen, et al. Transient voltage

Power Systems, 2019, 43(10): 150-154,161. operational risk of a high-proportion new energy sending
(27] BEZESC, Hlam, SE A, 55, 2 B 3% i i I P B3 8 2 ot v, system[J]. Power System Protection and Control, 2024, 52(1):

JESHT 55007 1 (0] vh W L BL TR 24, 2024, 44(11): 23-34.

4181-4193.

LIAO Shengwen, GAN Degqiang, BAI Shibin, et al. Analysis T

and calculation methods of dynamic DC blocking overvoltage
in multi-send HVDC systems[J]. Proceedings of the CSEE,
2024, 44(11): 4181-4193.

(28] XAz, WIFAR, 22, 45, BT T4 B IR AR RS A B ik
Ui T A 3 L AR i (0. f8 ) R 48 A B4k, 2024, 48(9):
142-150.

LIU Shan, TAN Kaidong, JIANG Zhe, et al. Suppression

ZENRN(1994), 4, Wi, TR0, A8 B
MARGARE T H 1 RGN
T A (E-mail: 541520566@qq.com);

FHAEIE(1994), B, W+, RIZ4Z, @E1E
WS 10 A BRI R S T

AH0(1993), 2, Wi, AR, A fprsleh
RGP R A

At

method for transient overvoltage at DC sending end based on

Transient overvoltage suppression measures for new energy high penetration system

at the sending end under bipolar blocking fault

LI Xinyue'’, YIN Chunya’, LI Lin"?, WANG Sijue'?, CHEN Ying"’
(1. Siji Zhilian (Tian Jin) Information and Communication Technology Co., Ltd., Tianjin 300000, China;
2. Tianjin Richsoft Electric Power Information Technology Co., Ltd., Tianjin 300000, China;
3. School of Electrical Engineering, Xinjiang University, Urumqi 830000, China)

Abstract: Aiming at the transient overvoltage problem in the new energy high-penetration area of the feeder due to DC bipolar
blocking fault, a converter bus reactive power allocation capacity optimization scheme is proposed with the constraint that the
transient overvoltage of the wind farm with the lowest safety margin in the feeder system is suppressed to below the target
value. On this basis, a cutting scheme for suppressing transient overvoltage in the feeder system under bipolar blocking faults is
proposed, which realizes the two-stage voltage stabilization control of the feeder system by prioritizing the cutover of wind
turbine generators without high-voltage ride-through capability after the occurrence of faults. Finally, a simplified model of
+800 kV Tianzhong DC transmission system and its feeder grid is constructed based on the DIgSILENT simulation platform.
The simulation results show that the proposed reactive power optimization allocation scheme and machine-cutting scheme can
reduce the transient overvoltage of the target node by 0.12 p.u., and the accuracy can reach 95.56%. The proposed scheme has
significant effect in suppressing the transient overvoltage caused by DC blocking, which can effectively prevent the new energy
from large-scale chain off-grid and improve the stability and reliability of the system.

Keywords: DC blocking; high penetration of new energy; AC system at the sending end; reactive power optimization

configuration; switching scheme; high voltage ride-through capability
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