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A quantitative assessment method for degree of transient stability coupling of
DC and AC transmission sections

HUO Chao', CUI Xiaodan®, NIU Shuanbao', ZHANG Hongli?, KE Xianbo', LI Wei’, LI Bijun’, CHANG Haijun®, ZHOU Xia®
(1. Northwest China Power System Dispatching & Control Branch Center, Xi’an 710000, China;
2. NARI Group Co., Ltd., Nanjing 211106, China)

Abstract: Along with increasing operation of DC, the coupling degree between DC and AC power systems is more
tightly and the influence with each other is more closely. It has great significance on improving the level of coordinated
optimization control of power system security and stability and online auxiliary decision-making for evaluating the degree
of transient stability coupling between DC and AC transmission sections quantitatively, and then searching automatically
and identifying the more closely related AC transmission sections with the transient stability coupling between DC and
AC transmission sections. The transient stability coupling mechanism between DC and AC transmission sections is
revealed by the theory of Extended Equal Area Criterion. On this basis, the matrix of transient stability margin of the
dominant generators image of AC transmission sections is established through different DC power disturbances, and then
the curves can be fitted with least square method. The curve slopes reflect quantitatively the transient stability coupling
between DC and AC transmission sections. Finally, the example demonstrates the effectiveness of the method.
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Fig. 1 Sketch map of limitation coupling analysis of

two interfaces in a power system
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Fig. 2 Structure of test power system
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margin of every iteration

K&l 3 IR D1 ORI D2 $43) R R A i A
SE A e 42 I X (4) AT B Rkt 2k U
2R ERAT L7 HIEE b

-0.0103 0.0031
J=|-0.0132 -0.0105
-0.0109 -0.005

B D1 #t3h F DUYU Wiifi. QUYU i
HEYU 7 1 #6075 1 22 7% ¢ |K| 22 5024 0.010 3.,
0.013 2. 0.010 9. HHAS ELy RN G A 2A AL A A (S) rT
A, FUA AR AN 0.013 2, XFHEG D1 #A
Fooe R BUAS TR 9 QUYU Wi

B D2 $t3) F DUYU Wi, QUYU Wi
HEYU W7 1fi #6075 i 22 %4 < K| 2090 0.003 1
0.010 5. 0.005. W& LRI ZHE KN 0.0105, XF
Hi D2 B E S ABIAC RIS QUYU W
[iiiP

FARRE J P S L T A, S50 Hii D1 i
B NI 1~3 F20E 4 B LG ih e b, LA 44
KPS, 5 H R D1 AASFEEH K IR QUYU
Wri>HEYU Wii>DUYU Wrifi, =M= i b fa
SEMEE IS S IR D1 SR, BB ph o Th ook,
AT T R G R T A RN s 5 A O H
D2 $8h I 1~3 2w Bl A ih de b, T4
XHEARA QUYU Wil KT THEfE, QUYU Wi
HEYU Wr [ A8E # 232 5 B D1 oS, BIE
R DO, AT I 0 R SRR E
/Ny 1 DUYU Wi £8e #4825 B D2 1IEAHR,
XAl TER D2 A7 FLL DUYU Wi EI4E M 4
IR, HTER N RN SEE BLTC T KRG G Y)
A, ORI AN, ART RERE.

HE 1 S B[R] —A2 W T o6 A [R) L e 3 1
Mo S ] AT, S AC T S I D1 AR S BN 5%
XAk B E SRR L AR R HA
DI M8l i RE®LE 2B M —#iE
(DUHU-QIWA-JIQU-HEXI-WUSH) I % 2] |5 4 4
BRI 60%, —IMIEZ 40%; 1M Byt D2 M4
JER R — Wl IE ) R4 NN ERIER
40%, —IHIEZ) 60%, FACHLETHF S RFERE
P55 52 — 0 A XA LA ) A R 5 TR, RS
WiTh 55 I D1 AR AR T

gity BIRFREE T 40, QUYU Wil X iz X
PRI R R, 5 HRE SIS
TS, XPEUE D1 RIS B3 A1 40,013 2,
XTH D2 RS KT 45-0.010 50 3847 H




- 88 -

&) &GS

SE AT ELUL M A P2 T s I 5 N % 18 QUY'U Wi i
B .

4 #ig

(1) A SCHRH A LI A AUE s A SR AT

W U VR RE W VT S EL A ISR L R LA AL

VI FIEE AL  AAEN SEE R I AUE 4

JE R HAT AR A
(2) $2H IAZ FLIRAC HSL W Fabr RE A Rt X 7y

ANTFEIAZ ST S AN ] LI AR A 5 R SR A e

JoTAE, AT A P BEAE RN BOEA T 42 PR b (A Al
(3) %I IEAR ARG AT Ty A R, liE

o TR OGN A TR, THEERUDN, T

R Ay FIRACRI AT SR, [T 5 2 H B s B
(4) f£2 HIE AL B sL A T 595

Rk, WTIEHTZ BRSBTS .

B2 3k

(1] EPENY, k30, HZFEME, 55 dm kR i 2 4t
PHED] T E LT RESAR, 2007, 27(34): 1-6.

SHU Yinbiao, ZHANG Wenliang, ZHOU Xiaoxin, et al.
Security evaluation of UHV synchronized power grid[J].
Proceedings of the CSEE, 2007, 27(34): 1-6.

(2] FEANER, 4. 2SS HIR B IR R SR E
FEHI. RGP 5], 2011, 39(7): 56-62.
CHENG Limin, LI Xingyuan. Load frequency control in
multi-area AC/DC interconnected power system[J]. Power
System Protection and Control, 2011, 39(7): 56-62.

(3] T3, #hrss, il &5 mh e e 2 s e &R

ST S RE]. B RGERT 5, 2015, 43(2):
148-154.
YU Yang, SUN Xuefeng, GAO Peng, et al. Analysis and
prospect on transient protection for HVDC transmission
lines[J]. Power System Protection and Control, 2015,
43(2): 148-154.

(4] RGNS, TKREM, PR, A8 ER RGBS AR Y
KAs o AR o AT (], WL R H B4k, 2014, 38(19):
33-38.

YU Xiaopeng, ZHANG Xuemin, ZHONG Yuxin.

Cascading failure mode of AC-DC system and blackout

risk analysis[J]. Automation of Electric Power Systems,

2014, 38(19): 33-38.

(5]

(6]

(7]

(8]

[9]

(10]

(11]

SZECHTMAN M, WESS T, THIO C V. First benchmark
model for HVDC control studies[J]. CIGRE WG 14.02,
Electra, 1991(135): 54-73.

WKW, i, sakig, &5 RS RME ST H
PERIWTSE, IV: BN A M ema[r]. e H R,
2011, 37(7): 1590-1597.

CHEN Shuiming, YU Zhanqing, HUANG Lulu, et al.
Transient interaction of HVAC and HVDC in converter
station in HVDC, IV: effects of DC sides on AC sides[J].
High Voltage Engineering, 2011, 37(7): 1590-1597.
THEME, AR08, ZFJ5, 45 +800 KV AR M ELI
P g 2O0S T R HL P F P AR PR RS TS []. L &R
AR FE, 2013, 41(21): 147-153.

HU Yanmei, WU Junyong, LI Fang, et al. Impacts of DC
system control mode for £800 kV Ha-Zheng UHVDC on
voltage stability of Henan Power Grid[J]. Power System
Protection and Control, 2013, 41(21): 147-153.

s, TR, BRI, A PRERIC DI T T
HAFFE[I]. i HLES, 2014, 50(6): 65-69.

HUANG Zhiling, HUANG Xiaoming, CHEN Wei, et al.
Simulation study on Lu-Sheng HVDC reactive power
optimization scheme[J]. High Voltage Apparatus, 2014,
50(6): 65-69.

e, ALSER, XA, AF. AT ERIFEE M R
DR B SR S AT [T]. W) R GRS 1%
1, 2014, 42(20): 104-109.

LI Zhaowei, REN Xiancheng, LIU Fusuo, et al. Research
on effects and optimization of emergency DC power
control in AC/DC hybrid power grid[J]. Power System
Protection and Control, 2014, 42(20): 104-109.

A, TKERR, M, S XKITIR A HRANE
ARG SRGEEHIIID]. B RGRY 5 T,
2015, 43(1): 108-114.

LI Shengfu, ZHANG Ailing, LI Shaohua, et al. Study on
transient stability control for wind-thermal-bundled
power transmitted by AC/DC system[J]. Power System
Protection and Control, 2015, 43(1): 108-114.

R, WROL, RS, RTTEAT Nl B 2k
W URERI[I]. s s, 2015, 51(3): 151-156.

YU Haixiang, CHEN Li, LIANG Jiahao. Investigation of

commutation failure in Guangzhou converter station of



— i B A AE DA R A AT S YU v

-89 -

(12]

[13]

[14]

Tian-Guang HVDC Project[J]. High Voltage Apparatus,
2015, 51(3): 151-156.

WRpE, akochg, BUVE, A5 e R ACin DY) I 20k
B A ARGV AL [J]. 0 RGO S A,
2011, 39(7): 136-141.

CHEN Hu, ZHANG Yingmin, HE Yang, et al. Impact
assessment of UHVAC on multi-send HVDC systems of
Sichuan power grid[J]. Power System Protection and
Control, 2011, 39(7): 136-141.

TiAA, HBESE, TN, A BASRE RS2
A fi PR DT TR B o 2R P R S [0]. W) R G E Bk,
2015, 39(22): 53-57.

FANG Yongjie, CUI Xiaodan, WANG Shengming, et al.
Coordinated limit power calculation of multi-sections
with transient stability limit coupling[J]. Automation of
Electric Power Systems, 2015, 39(22): 53-57.

BAERAT, tRZE 0, TRILHE, S B AR P LAk

Mo AR D] B RS HM, 2010, 34(1):
32-35.

BAO Yanhong, XU Taishan, XU Lixiong, et al. Cluster
computing mode for transient stability-constrained
preventive control implementation and total transfer
capability calculation[J]. Automation of Electric Power

Systems, 2010, 34(1): 32-35.

5 HEA: 2015-09-09;
EHTEIN:

& HHF: 2015-11-09

E OAR982), B, MEHRL, TRF, HLTE

o, W g oA RABAT B i

At (1981-), B, WA, HRIENF, AR

7€) A o F) RGBSR ;

RKLTE (1989 -), %, @AEMEH, AL, TR, AR

F AR R G R A F . E-mail: zhanghongli@

sgepri.sgec.com.cn

(%% A&



