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Influence evaluation of provincial power grid integrated with back-to-back VSC-HVDC
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Abstract: Considering that there is a lack of a comprehensive and universal method for assessing the influence of
provincial power grid with large-capacity back-to-back VSC-HVDC connection, an influence assessment method is
proposed in this paper. Several aspects such as analysis of static security, short circuit current level, small signal stability
and transient stability are included in the method. Interaction between VSC-HVDC and AC system is emphatically
considered. Taking back to back VSC-HVDC connecting Chongqing and Hubei power grid as an example, the operation
characteristics of Hubei power grid are assessed with Power System Analysis Software Package (PSASP). According to
assessment results, the corresponding reinforcing project and security control measures are proposed with the
consideration of power grid planning and operation requirements. The analysis shows that the influence assessment
method proposed in this paper can effectively guide the planning and dispatch control of power grid and ensure the safe
and stable operation of the power system.
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Fig. 1 Influence assessment method of back-to-back
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VSC-HVDC connection into power grid
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Fig. 2 Flow chart of influence assessment and reinforcing for
the power grid integrated with back-to-back VSC-HVDC
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Fig. 3 Schematic diagram of the Chongqing-Hubei back-to-back VSC-HVDC and corresponding reinforcing project
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Table 4 Short-circuit current of Hubei 500 kV power grid

before and after the line change

KA

st i jﬂmz‘h&%ﬁfa jl%\dz%m;

R g E
TTR% 63.26 62.02 -1.24 59.92 -3.34
LA 36.69 40.17 3.48 43.95 7.26
A 60.93 60.85 -0.08 60.71 -0.22
il 60.29 60.18 -0.11 60.00 -0.29
EigaN 55.97 55.81 -0.16 55.56 -0.41

%5 RATEMAL 220k BT ER
Table 5 Short-circuit current of Hubei 220 kV power grid

before and after the reinforcement

kA
Rk 4 EN) AP e
b 54.81 55.06 0.25
o 53.84 53.92 0.08
K 52.37 52.40 0.03
BEh, 51.42 51.45 0.03
TLF% 51.01 51.15 0.14
KR 50.26 50.26 0.00
RN S 46.93 50.63 3.70
K 46.50 50.19 3.69

F 6 FMSRATE LR M/ NTFHIZE M
Table 6 Small signal stability of Hubei power grid

before and after the reinforcement

gy AR N
A% /Hz R e /% A% /Hz B e /%
P 1 2.36 0.12 235 0.12
A2 0.69 3.42 0.69 3.47
A3 0.98 3.89 — —

Sk

(1] ) 6, PR, DR, etk i e TRH AR,
AR RED]. "o ARG A B, 2013, 37(15): 3-14.
TANG Guangfu, HE Zhiyuan, PANG Hui. Research,
application and development of VSC-HVDC engineering
technology[J]. Automation of Electric Power Systems,
2013, 37(15): 3-14.

(2] TR, WRAEFSR. W R PR o Y B A F BOR R 1],
A HUB AR, 2007, 33(1): 1-10.

XU Zheng, CHEN Hairong. Review and applications of
VSC HVDC[J]. High Voltage Technology, 2007, 33(1):
1-10.

[3] ffIEA, 2. 2T VSC-HVDC 15 Z)34% M A&

IS AT A B FF) DX 3k R SR PRI D). WD R GRS
1, 2014, 42(20): 32-37.
BAO Zhengjie, LI Shenghu. Frequency control for regional
system based on active power support from VSC-HVDC
and adaptive under-frequency load shedding[J]. Power
System Protection and Control, 2014, 42(20): 32-37.

(4] XfdtR, 302, BKGE, 55, & RN E R S HIR

FFH R GA R IR )], HD R GRS 1,
2014, 42(11): 118-123.
DENG lJianjun, WEN An, WEI Chengzhi, et al. An
optimization method for active power flow in
AC/VSC-HVDC parallel transmission systems[J]. Power
System Protection and Control, 2014, 42(11): 118-123.

(6] RIS, HRK, MER, S5, T RPE E R S

SR A B A R S AL A (0] L R, 2016,
40(10): 3052-3058.
KE Shengzhou, ZHENG Huan, LIN Yi, et al. Reactive
power optimization of AC-DC grid in consideration of
VSC-HVDC transmission loss model[J]. Power System
Technology, 2016, 40(10): 3052-3058.

(6] Jiaids, REEE, BEDER, 4. % 2Rt B bR A

A2 EL i M B A R R M D). RO RS A B,
2013, 37(15): 27-34, 58.
GU Yilei, TANG Geng, HUANG Xiaoming, et al. Dynamic
characteristic analysis of hybrid AC/DC power grid with
multi-terminal  HVDC based on modular multilevel
converter[J]. Automation of Electric Power Systems, 2013,
37(15): 27-34, 58.

(7] AFa, AOCHE, T 2RI ERIEEAR SR AL
FRUETERTRZMALT]. HIECR, 2018, 42(1): 34-40.

FU Qiang, DU Wenjuan, WANG Haifeng. Angular stability
of power systems integrated with VSC-MTDC grid[J].
Power System Technology, 2018, 42(1): 34-40.

(8] B, Meka, AWior, 55\ T IR HRBEAKR
B S RG], I RGHBIE, 2013,
37(15): 15-19, 26.



-80 - €04 HEP DM
ZHENG Chao, TENG Song, SONG Xinli, et al. Analysis LIU Yan. Restrictive measures for short circuit current of
on system characteristics after incorporation of £320kV/ Hubei power grid[J]. Hubei Electric Power, 2013, 37(3):
1000 MW VSC-HVDC into Dalian power grid[J]. 47-49, 52.
Automation of Electric Power Systems, 2013, 37(15): (18] BRNI, THLA, 2=, 25 P 5 74 g W 22 A Fa
15-19, 26. SERFTE AT B RGRY SIS, 2018, 46(7):
(9] ARACY, okB, e, 55, b E 5Ew R LR N 76-82.
RHLJ& # f S s w5 (7], W RGBT 5454, 2016, CHEN Gang, DING Lijie, LI Min, et al. Stability
44(18): 163-169. characteristics of southwest China power grid after
XU Youping, ZHANG Ke, PAN Xiaojie, et al. Damping asynchronous interconnection[J]. ~ Power  System
control based on back to back VSC-HVDC connecting Protection and Control, 2018, 46(7): 76-82.
Chongging and Hubei power grid[J]. Power System [19] gk, SOH, XIFEH, 5. KX E R IR EE AT 0 sE
Protection and Control, 2016 44(18): 163-169. Bl 5 Hr 3. B RGERPH A, 2018, 46(13):
(10] FHEAS, M, B2, 55 25 MMC M EE ik 166-170.
EVRIEEERatib HJ%[J]. R4 AL, 2017, HUANG Miao, WEN Xu, LIU Yuming, et al. Case
41(4): 120-124, 157. analysis for isolated operation of a regional power
YANG Yuexi, YANG Jie, HE Zhiyuan, et al. Control network[J]. Power System Protection and Control, 2018,
strategy of MMC based back-to-back HVDC transmission 46(13): 166-170.
system[J]. Automation of Electric Power Systems, 2017, [20] DUTTA S, SADHU P K, REDDY M J B, et al. Shifting of
41(04): 120-124, 157. research trends in islanding detection method—a
[11] THY, Z2/hiE, He8i, %5 & VSC-HVDC A8 Hifik comprehensive survey[J]. Protection and Control of
B R R G AT SEEVEAR[I]. FRIECR, 2008, 32(16): Modern Power Systems, 2018, 3(3): 1-20. DOI: 10.1186/
53-58. s41601-017-0075-8.
DING Ming, LI Xiaoyan, BI Rui, et al. Reliability [21] ZM7%, BUEF, ¥, . BB RE g m
assessment of hybrid AC /DC power system containing ARSI T AT, W R ALY 5454, 2018,
VSC-HVDC[J]. Power System Technology, 2008, 32(16): 46(18): 156-163.
53-58. LI Pengfei, GU Xueping, YANG Chao, et al
[12] WA, £550, EH . & ERBEER S ] S F Optimization of low-frequency load shedding scheme
15[00). B B3k, 2011, 31(7): 10-16. considering the influence of power flow transferring on
XIE Shaoyu, WANG Xiuli, WANG Xifan. Reliability the power system[J]. Power System Protection and
estimation of AC/DC hybrid power system[J]. Electric Control, 2018, 46(18): 156-163.
Power Automation Equipment, 2011, 31(7): 10-16. [22] #xpiins, JAORMY, FEHT, &6, WP R ERYE S E M
[13] BhRF LR E SN DL 755—2001[S]. dbxi: TR B AT R R 2 [T, wiAGR T, 2017,
] i g ekt 2001. 41(1): 9-13.
[14] B A HR B RGN EAT HEE AT M]. b5 CAI Defu, ZHOU Kunpeng, DONG Hang, et al. Influence
MLk Tk tH kit 2005. of back-to-back VSC-HVDC project on the operation
[15] xifl, REMRSR, skCHA, %, Fpm REAI R I G characteristic of Hubei power grid[J]. Hubei Electric
TEIR W SRR T P[], B RGP L3, 2011, Power, 2017, 41(1): 9-13.
39(2): 131-136, 141.
LIU Nan, TANG Xiaojun, ZHANG Wenchao, et al. Study Wi B EA: 2018-02-09; fE£E BHA: 2018-05-30
on electromagnetic ring opening in Henan province under TR
ultra-high voltage power grid[J]. Power System Protection FRRA9T8—), K, thE, HBRAZATAT, HR
and Control, 2011, 39(2): 131 136, 141. F 61 A WA RGBT S 424, B-mail: 6517562@qq.com
[16] 348, XISCHL, #WISE, A5, VUL A IR iR O A B 1 REXRW995—), F, @344, MEMRE, LT
RG], ERIHA, 2007, 31(10); 42-45. MARARABRIKE WAL LT HSMHMEIEH; Email
YUAN Juan, LIU Wenying, DONG Mingqi, et al. zhijie_sgo@hust.edu.cn
Application of measures limiting short circuit currents in W 4 (1983—), B, Hid, a1z, BTG b KRG
Northwest China power grid[J]. Power System Technology, A 54k . Bh A Al A% AL s %
2007, 31(10y: 42_4} ‘ E-mail: w.yao@hust.edu.cn
(17] k. -1t Fie o e it ri 3 B 5 T 5 0], W AE e,

2013, 37(3): 47-49, 52.

(CEL )



	DOI: 10.7667/PSPC180171 
	背靠背柔性直流接入电网后的影响评估 
	Influence evaluation of provincial power grid integrated with back-to-back VSC-HVDC 
	CAI Defu, ZHOU Kunpeng, DONG Hang, et al. Influence of back-to-back VSC-HVDC project on the operation characteristic of Hubei power grid[J]. Hubei Electric Power, 2017, 41(1): 9-13. 
	姚  伟(1983—)，男，博士，副教授，研究方向为大电网稳定性分析与控制、柔性直流输电系统及其控制等。E-mail: w.yao@hust.edu.cn 



