——_ ISSN 1006-6047
iR 721 CN32-1318/TM
CODEN DZSHFK

Electric Power Automation Equipment

PXALOHAT)  RERMEAOERT) CSCD# DT (THZS1) (Ei) #0HAT] RCCSE MBIFEAREATI(A+) SA/INSPEC. AJ. CSA. Scopus. EBSCO. JSTHsRHAT

T

NE BRI RE RS =

8. &R AL A R

be Automation be Intelligence be Future

GUODIAN NANJING AUTOMATION CO.,LTD.

PRSIt /www.sac—china.com, HE{E400—-1-600268 XACG EREEENLRNERAT
A

ISSN 1006-6047
VA N B AN 4
B W) 8 SRR A FRasa) Vv
e Ba3s B

9”771006

06
ml“l AR - Y SR N ERAR Vol.43  No. 6

3

60423



- n 7 N
W0 Es0e1% Ve
DIANLI ZIDONGHUA SHEBEI Contents
(AF,1973 F41F]) » ZREMRSERIERSEETHE

1 BIBEREFORIA N 255G REI AR G2 REVM R L AL I

e s Bk kR, E KT %
WO fi0eité ) . o
echic Powhr Asonation Exulprart_ S 10 FEF XU AL —BRA AR L ) R 00 50 A e e S
: 6 ﬁ BOoM, R B R B ARARIE R, XA
E—— 18 B RO R 0 2 O AR SR B A
T A HA] )Y NI B, I RIL = H) )2
2023 £
Hryede, 2B, FEFH ML Lu
F 435 F 6 HA
(22 350 ) 27 FO IR W B L 3 5 R — BB S R DL Eb ) MR B2
2023 ££6 A 10 HH kR R AR A e R

i

M HBEHRERARER

BERE (RLRZSHT) 37 RURES L 75 HL S SRR 2 AL s e
ol EHL OB B Hih B ‘
2EML ZHS ABAE FHY Rk KEBEAZAE W, BERMES, FLE
Ry RWE RV H K Hds 46 FET HCHEAE R 45252 Sk O L B 2~ T A DG B SR

% % AAK AEE BRI KEE ] . _ o \
- eX, AF4, B =,5%45,0NFF, % H,5 #
Bk AXE BEE BAE ERA * LA ‘

AT R 53 BT V2GBOAR B R RO ALK A SR

PR R W AR B A
% E (BHRESHES) T

T W Tk TER EFM EAL

IRTF F K XHF LEk FOR P> fIEE M E

X F X Kk FER ATFA MRz

Sl s SRR ek S 62 M Sy I et UL A 47 7 2

A g LA ILFE IR ERMK ‘
Atk EFE R OE FAR FAW Aok EH- REA
FR4E F R RA AL MTER 71 HETJRFRILATSEAL RN TENG 333 10 ki A 43 A =G 2 i 153

FreE W OF ok R KR X K K
Rk KER BT+ HEE HRER
MREET  SRAER PR HlT  AEE

Exk, 554, F 2.4 BRI A

B 2 A AEh REE K% P HEEEHERAELEM
RARLTR FRE WHKE KL M
REA R F KRR K R BRE 78 K T R (10 42 43 S T HhL Y i i o

Btk @EE&E Held FHE OB O
HAE EFR AR $-F K B

WEAH,F F e EHE N RE R E—

i

BER Bk § B EHN EEd 86 HLT A K 4 ST S 0 G o R M3 5
BER B W oW T
04 HF IR AR L A 0 o AT KT 2 B B AT T 5 T T ek
2 & WAF AL w4, ETAE ISR

FAZ(90) BAH LM F 796 5 Lk



P> EiEBEIR

101 3T VEITD A1 OSMHD f) JXUH L2 il R 8 473 35531
Btk RER, TRk, B XL RERW, AR
108 T K 8 G i 280N B A8 A 14 5 IXUR G 45 28 96 07 4 K 2 SR i
T 3 & T %
116 KT DCC-GARCH [ b XU 37t 7 25 [ AR D1 53 Bt K i)

R, EOE,HRE, R A, FRA MG

P> LRk

124 PEIRAEA A Pl B AR BT T 250k

[
==
W
ik
=
He
%ﬂ*
S
g\w\;
+&

» SHEHR

137 SCTHII ) RGeS
ALK & EZEKREE W F A & F M
144 JET Z 2 BENLL AL it v 100 22 4 R e 25 ) B B AL s KB D SR 1k
A, T A% A R R ATTE
152 25 5 RGP AR 2 5 22 B B o A 6 B &) RBER, LA H
160 1 B ASTR BEAILAS i 5 P 1) 3R 1 0802 S s
R dh, B, AR R
168 % ETF 5t 20 55 R B AR (L B 2k (14 38 G 0 e B LA 3107 vk
RUER,RAKHE, B R,k R EAR,2REZ
175 BT s BRI 6 22 1 20 i R v s EL VA B DR NI DR vk
ZiE AR, RS R R, R
183 T AR AR 4% 54 UPFC 874k I8 il B 200 700 47 il
BBYLK WL BMTFA FOE,LTT R R
190 05k HF AL Hp, g W 7728 Tl e 1 g R AR Y
die FRIE AR RR T
197 571 7 o 0 B 2UA BT O Sen 28 i 8T SR A @ 5 430 B
389, BRI, R, RO
204 — AR ST Y A5 I R 2 L S B R BEL 2 1) D5 v
FRME W AT YN, kAR BP R, A
201 RER K HULZH ) Bt R B A M A T 2 15
KT R MW, L EE B, REE R P, N, E A
217 ZRIPGP AL R S A S 3B s v
MO, RER R, S e, 5T, F H#,8 R

J R AR e 45 ) A 32010000078

O O O O O O O O O O O N O N N O N A N U U NN

FE=EERATIRIZZRIFLZAT

FR 2 A% HE T

(IT#ZERS]) (Ei)Z T

R E 5] X2 HEE (CSCD) #Z: 0 HA FI

F E R AZ O ER T

RCCSE shEMEZEAREATI(A+)

NIECBERE AdiE s RERFE BTSSR E %) (T2)
NI (R HR Tt SRS 00 S 45 5 (WJCH) IR &)
FE (R} F32HE) (SA,INSPEC) W R EATI
EE(SIHRRIZEIE) (CSA)BREATI

= (LS5 3 #iEE) (Scopus) SRiIFEHAT
% B HTCSCHZEER) (AJ, VINITI) bR 23

£ [E EBSCO ZEAREEEWRETI

B AR 2R AR AR R E (JST) R EA T
EE(SFIFETIIER) (UPD)WREITI
FEEERMXAFHT

s E B AR TS R F T

N 20 (b 1% %
EPAE 52020255
FERM TEAELERAARAF
EMEAL B B SHF R AT A TR

B & d 7 8 AR A TR F]
HwEHM (8 8 SRk ) s
o i AFRHFHEARAFLFAREKIES T
BREI4RED 210032

# K RE#%
HBEHEME FAX
HEMRIEE F A F %
FEBEE KFF

EITEHEE T

AEEEHSGE I

=R H{EE T4

B iF  (025)51859278(A k%)
(025)83537347,51859279( 4 435 )
(025)83537349( 7~ 231)
(025)51859280 (K AT Z s 4 IR 53T )
(025)51183898(-F @ % #+3F )

] 3k www.epae.cn

FEFI5# epae@sac-china.com

EAITSERE  EH NI F L AT

Ef Rl vF 1 4R A A AP - PR 8]

ER&IT THHNBEES

MiEZRS 28-268

iT B & AE&RE

EREHN £4150.00 T, 44 600.00 T

WHNRET TERRABTHEBATRAS
(100048)

BIMEZITRES  MO-4802

ISSN 1006-6047
FEREEZHEIS N321318,/T™

EBRF|Z X (CODEN) DZSHFK
el |

[=
*EMAE 7w B W




Electric Power Automation Equipment ( EPAE )

Vol.43 No.6(Sum No.350) Jun. 2023

CONTENTS

45

26

36

45

70

61

70

136

85

93

100

107

Sponsor Nanjing Electric Power Automation Research Institute Co.,Ltd. ~ Editor and Publisher Electric Power Automation Equipment

Guodian Nanjing Automation Co., Ltd. Editorial Department
Editor in Chief GUO Xiaojun Add 8 Xinghuo Road,Pukou District, Nanjing, China
Web Site www.epae.cn Post Code 210032

E-mail epae@sac-china.com Tel 86-25-51859278,83537347,83537349

s S T N e T s T S T T S T T S S e

SPECIAL COLUMN:INTEGRATED ENERGY SYSTEM WITH MULTI-ENERGY
COLLABORATION

Multi-energy collaborative optimization scheduling of integrated energy system considering integrated demand response
SHENG Siqing ,ZHANG Jiaxin,LI Ran,XIANG Te
Flexible peak shaving strategy of power system based on wind power-carbon capture
CUI Yang,ZHANG Cong,ZHANG Lu,ZHAO Yuting,SHI Haobo,LIU Xinyuan
Bi-level optimal scheduling of multi-microgrid system considering demand response and shared energy storage
XU Yanchun,LIU Haiquan,SUN Sihan,MI Lu
Low-carbon economic dispatching of battery swapping station and wind power-carbon capture virtual power plant

considering charging and discharging strategy LI Yicheng,ZHAO Yuting,CUI Yang,ZHONG Wuzhi,LI Hongbo

SPECIAL COLUMN:ELECTRIC VEHICLE TECHNOLOGY

Time-space two-dimensional regulation modeling of charging station load powered by bi-building special transformers
ZHANG Yongjun,ZHOU Xingyue,TANG Yuan,YANG Jingxu,YAO Lanni,Ll Qilin
Matching strategy between electric vehicles and fast charging piles based on improved deferred-acceptance algorithm
LI Hengjie ,XIA Yuxuan,ZHOU Yun,FENG Donghan,LIU Zeyu,FANG Chen,FENG Q1
Power supply restoration strategy of urban power grid based on V2G technology

HU Siyang ,LIAO Kai,YANG Jianwei,Ll Bo,YANG Wei

SPECIAL COLUMN:MICROGRID

New method of energy optimization for grid-connected microgrid based on security region
XIAO Jun,Ll Jinyi,SONG Chenhui
Distributed continuous power flow calculation of microgrid group based on local geometric parameterization and JFNG

algorithm JU Yuntao,Ll Jiawei,CHEN Hao,LIN Yi,WANG Jie

SPECIAL COLUMN:SMART DISTRIBUTION SYSTEM

Fault location method considering preset offset value for distribution network with multi-branch

XIE Liwei,Ll Yong,LUO Longfu,ZENG Xiangjun,YU Kun,HOU Liang,CAO Yijia
Topology identification and monitoring of low-voltage distribution network based on multi-granularity clustering and
multivariate characteristic statistics GUO Shanghua ,WANG Gang
Multi-period two-stage fast robust optimal dispatch method of active and reactive power coordination for cable distribution
network considering time-of-use price ZHANG Jian,CUI Mingjian,HE Yigang

CLEAN ENERGY

Wind turbine bearing damage identification based on VEITD and OSMHD
TANG Guyi,ZHU Xinghao,WANG Xiaolong ,XUE Gui, XU Zhenli,ZHOU Wei

Load restoration strategy with wind farm-battery energy storage system considering time-variation characteristic of cold

load pickup DING Jiang,SUN Lei,DING Ming

SO
Competent Authorities China Huadian Corporation Ltd. Publication Number ISSN 1006-6047

A rce o Ice Do IoC DO DOCDoC D



123 Spatial correlation analysis and prediction of offshore wind farm output based on DCC-GARCH
MA Xin,WU Han ,MIAO Ankang,YUAN Yue,Ll Zhenjie , HAO Sipeng

SUMMARY AND SURVEY

136 Review on wave energy power generation control technology CHEN Jia ,LAN Fei,GUO Haolin,LI Jinghua

ANALYSIS AND RESEARCH

151 Thoughts on some characteristics of new style power system
GAO Zhiyuan,ZHANG Jing ,ZHUANG Weijin ,ZHANG Zhankui,SUN Qian,ZHAO Lei,LI Zhuang
151 Opportunistic maintenance decision method for power grid security and stability control device based on multi-layer
stochastic optimization OUYANG Jinxin,YU Li,JIANG Hang,YU Jianfeng ,XIONG Jun,ZHU Kaiyang
167 Multi-stage distributionally robust planning of energy storage capacity considering flexibility ~ ZHU Xiaorong,SHAN Yuqi
167 Dispatching strategy of aggregator considering fuzzy random uncertainty
ZHANG Jingjing ,LI Shuyang,Ql Xianjun,YANG Xi
210 System side harmonic impedance estimation method considering background fluctuation and phase angle missing of
measurement data SONG Xiaoqing ,XU Yonghai,TAO Shun,ZHANG Hui,REN Yougang,TONG Cuizhi
182  Fast pilot protection method of multi-terminal hybrid HVDC line based on time-domain differential convolution power
LI Haifeng,CHU Beiyu,LIANG Yuansheng,DENG Chengjiang , WANG Gang
189  Simplified modulation model predictive control of UPFC based on DMC
CHENG Qiming ,ZHANG Xin,LAl Yusheng,Ll Jianhui,SHEN Zhangping,CHEN Ying
196  Average-value model of cascaded H-bridge type power electronic transformer
XU Wanying ,ZHENG Conghui, XU Jianzhong ,ZHAO Chengyong
203 Switching transient modeling and analysis of power-electronic-assisted on-load tap-changer based Sen transformer
GUO Xi,HAN Song,XIE Shufan,BU Liang ,RONG Na
210 Method of achieving active damping by filter capacitor voltage feedback with equivalent differential link
NIU Chenhui ,XIAO Huaping,LI Mingming,CAO Qingwei,YAO Zhongyuan,XIAO Huafeng
216 Simple calculation for torsional stiffness of steam turbine generator lumped spring mass model
ZHANG Qixue,LIU Bin,MA Zhiheng,ZHOU Wenqing,YIN Haohao,CHEN Chong,WANG Kai,MENG Zhu
224 Dynamic allocation method of real-time load for multi-type CHP unit group
CHEN Zhu,ZHOU Yunhu,XU Renbo,HAN Xu,SU Zihang,ZHANG Yan,LU Quan

(A HEZMbxE) MoERAERILE

EER, FATERERESEATELROFES, (RNOBHURE) BRITUASEE, MEERTESESEHE. NEERS
EREGRENT, WBEESE. Kk (ROBMUERE) TREEHEHTSHAREE, BIFXE!

: @ RORGXFSEELSERERBEE EE
¥ WA ER: TASRBEE

_ @ A EXERBBEANETEHSRPEHE

BL SHMNNTH. REXFEFNLE, REENRE
FE RS, PEEME MSHERET. BEAY
I rramss

O SAERREREHHSRUBHEREE

EHHFAESR: MBAFZEDERBR. RREXRFEH
BIEUR . B AFINEEBUR

F tEBATE. TEASRTHE

@ EEMLLAH AR RGN BREEE
: BAREHE

F EHBNEH: BEAFHESLE. BEAYHRE
I 4%, EREIAYRRLEINE

© ‘ganmy tE

ERFAER: MBXFRFHER. RIBIHER

: @ FAREBRGMBEDSTE: BRSHERALH

t FRERUESR: FEXREMGHR. BFEXFDREK
B SR E R B BUR

; @ PREEREARRGRESEHEE

2 FEYER: REXFFENEIHR, REXFERL
B WRBIAYERAIRE

QO zueRssEERGEE

2 TERAER: BERFIMRRER. T MEEBIER
i HIREST



CYGKE -
KERIREREDNLERS] gt 7 it

_ AENE

REBRRIRE, FELFEMSMERBL,

@ Al —
) FFERPSE ) HEHRErIE ) B ) ritRg3us

BAA= L EME
N N
R (BRBRFANREAMNERETTEEIE) ME, FWAkBERFR YEAgREaYE)
BERFERAN12F, EFEREHASR BRI IRREIREFRE
IESET124E, REHAESEERE, HREENELIRTEIEIT, AIERAMSEEE, MERE110 KRB TAEEE (2%, 248
ST, EEHT RSN, ET. 241R4%) FB: ENBOEHEESORESL, FARRN
> EPENECEEERA: IS RAEaE5RK AR, HPHA0 kv EfREMRSUEERE
AIEERE, SRNELE, BIERRA, SABERAs. 8/NIIZER, JRAFEUELI3/ N
_ HEAE RO A
KERHBERERE SR E L RIT400 MR, R, KigFREELRIZER ., BANETHRA. TESESM, #5
HOSETHEE1001 BRI UK T,

«SH1: 0755-33018888  «pilt: www.sznari.com
* iB4%: 518057  HIEARTA: KEFH

O EiRMAiE /400 678 8099

« tthdik: YR LU KEHT AR W E XA R A L& 135

ISSN 1006-6047 ER 28-268 50.00 Jt/HA

R s EAE M 600.00 7t /2

CN 32-1318/TM E 5 MO - 4802




