ISSN 1000-3673
CN 11-2410/TM

S ATPAS TS

POWER SYSTEM TECHNOLOGY bayrd

R ERAOMZHRRERL AT L HE EiRiEE
TR, RERmER. B5ITE. ZinRtREENE, X
BEMRRERNE, BITAN. PR ARNEZLGT
H6~35KVECFE I FERE. AR, BTeifEr BiERI2
BTIARBEREELIHR, ALARERERERE,
BB RIMERRE SRR T, ETRIRAFHREN M
1% R ERREER], BESETRE/NF1s, idiERE
SkQ LT RS E RIS BT AR RIE BI90%IA L.

RIS RRILERAT

o mls =
} ?E%R@) BRREA & m #B%4: huangshuo@epri.sgcc.com.cn
chE D RS A RA T BXFFIE: 13501238623

CHINA ELECTRIC POWER RESEARCH INSTITUTE

7 %

ISSN 1000-3673

97 0

710007367233 u‘

EREAERAE =




¢ # KR

20234 A5 H

DIANWANG JISHU (1957 “E61T1D) F47E B4
N
BEERS S
S - FRER L SR TR A -
£ 5B (RUERZEHR): FRER AN, I S R R R RANAS
ol e, ShREE, RIESE, FREE, X, THhE, 24 (1309)
o OEER ERL EHK o A
J ) s fz 2 \ 4%)1 % PR Th fRa R R A R MO AR R R R A S B
ITaR XHER % Rk BHF | WS, WA, mibL, F@, RRL, KA (1323)
LAate X F ERKk S5iE% R RE S S MBI R B X/ ER B LR 3%
2 S — M AEE | e, SRBY, FAE, i, ZHE (133D
S P SR R R S R T B S EE PR B A L B B
5 : S 3 1\ AL
Xm"% AR L AR Bk, ERHE, ERA, KBNS, RAEA, M (1340)
WEX B OE FILA FITH # RN AR S5 IS MO B B 5 A BB A 4R R SE M BSOS BRI 7 35
EmAE A HET AL | o WiEF, xEE, Ik, BF, BFE, FEHE (1350
WMEA WAEG KAKR A 2 REB AT — O AER R R E A
........................... Bie I, &, £F, A, &L, e (1360)
23 ;4 “d‘J‘ ‘ldg‘ =, 1s I S s -
FUEUT ARG RS NI spimm i a R R T S S R
B B OSRELE A B | ik, AV, M, AEE, A% (1369)
BMIE AT EETE EHN B BIR R GBENL & R REST oo Al KA, AA (1378)
kR R RBE EmA ETEDM R REERA REEN
. - ~ LA, Ik, Eold, HLE, LR, kA, B HER (1386)
B om o F VB 25 A B 2 45 98 7 B8 A ST B WL 2 370 T4 4 SR
BERR GRERZEEHFE): | oo RN, BEE, FE, RAK, ERA (1395)
T rms mBwAE B & | —MSEEEHFRAIEFRGS SRR
WAk qE R sk k| e FER, BRI, REZ, £Y, FRA, b3k (1407
P 3 7 y v ~
HEE A2 B & & A1% - FhBVE ) R G A PEYFE R 4R R IPFIR -
SAE Egh 2ok gk o | ETRESBHFERTRLEENERY
. o , N [— BEA, Ak, IRE, A&, SME, BE, KE (1415
OB CIRSH B A R g s et R R R E B R
om PEA KRR OREY | ERE, T, AEW, IEE, 55, S (1423)
B M BEE £ #®H ARk HFfSAEEEREM S 2B RN F R EMERP R
. R B ik, ZAR, BMElA, BEF, Hg (1432)
meERS HFE A E AL BN S I B R R
R . 2 xR, FARW, HEL, XTT, BT (1439)
E R R 7Bl B A RS 35
Z R (RERZEEHF): | FORE | B , BEH, KPP DEE =W (1450
LB EHL F % AER L P ot R B AR BB 5 4 B SRR AT B R B 3 S5 4
ey gl e WEF, TG, RZF , THA (1460)
AEH A AR Ek EFH SR, ‘
I L I 0 e e e e A I
XEZ RER RBE EWL | =2 BAE, BEE, B, TEY, IH, ZEH (1470)
WEE RAL BEE HEL BT A8 /17 T HRAR E E AR B R R SRR A 5 0%
] e, XN ER, FTE, M, ##F, Mg, Kigsk (1478)
o ; B RE AE : P T L R :
K L I PPy o rane
RBAEIZ EFHB AR AR | FWS, kRitEA, EER, BAE, 7T (1490)
SR BEHK - FIERSAIE, BEhAIRGEIRE B A -

EREZIFAREERESREFEPHEARRE
....................... kT, TR, BEE, AR4L, AKE, WER, % (1500)




EERE T RMNENRT HARRREg

............................................. IR, T, FAEX, akd, KB (1512)
EEERERNEEREENZHEEY

.......................................... MR, KBEL TN, AF, KAx— (1523)
KRR AT 1 B R AR BB E N R A5 %
.................................................. FAHE, T, WEE, Eikk, iHP (1531)

- EENR BIRRIGR A BEIR ARG KRR -

HT 18R A% 500 CNN-ResNet B9 XU B DR UM 75 5%
.............................................. Ribch, AR, IME, Ex5, W (1540)
BRI ST EH R
...................................................................... R, §F, Tk, 3% (1548)
EEBERS L BTN R G E
.................................................. IH, wiE, 245w, AHMH, KFE (1558)
‘AR 2NN SR RS R E AR ERH G E

ﬁ__
[x]
@
k=)
|.|+
gl_
anp
oT
]
mE

...................... Z A, P, AR K, AR, #aEM, RAEA, #H2 (1570)
RERHRI L RO EE R 50 SEuh g e AE 1 TR
.................................................................................. ARk, FRIE, Eh& (1579

AT REEEERNESEERESTERETFTAE

.................................. IERAR, EMG, A, Wrzhdr, e, BERiE (1589)
ETHBEZMREIENEEZNTIRE INRIGESSIRRGMIBE
...... T, KF, FTF, FER, RAFE, K, wd, B (1601)
ETE AR EN RE A RIRE IH B RETIPEIS W5 A =
.............................................. RFFE, Zahdh, REHE, KE, #Ivz (1612)
—HEEE PID 25 51 R F/REME BRI bR SHE S A
............................... 4R, MR, E75%, Hkd, BAE, KFE (1623)

- BOARS -

55%#% VSC £ “INF-HiE” MERE TH—X/MIsaE AL
ERFRMESH ... EEAR, A, A, HBE, KE, A 1632)
ETIREBAENNEIRREN AR E £ K% X 25200 E & 55 47 R3]
BT e B, Hzh (1641)
2 78 XU ERL B 4 1 B TR B /N S — B I SRR R 4% B 58 B XL D 2= 7
.......................................... MRENG, 24k, BRE, R, K&, FEHE (1653)
i EERE LSRN BNRHE SEESHE
.......................................................... AR, AL, RM, AR, F4F (1663)
ETTHSBEAEFRBENZEERBRES
...................................................................... Bk, £, HHaE, B (1675)
EEHEXTHE S NIFMERSBERERRZMERIEREE

...................................................................................... %8, 28, 7o (1682)
ETH I RBXRIENESRERMESLRETEES
.............................................. Heg, Wy, k9K, THF, HFE (1692)
KA XA B EER 2 N SR SR SRR RS
.................................................. AN, BRIRE, MAE, HAEA, HFE (1701)

BT BiERSKNATFER FUM TSI A0 = shlic B MO 1L B E
.............................................................. BAE, H—W, IERIE, FIFE (1709)
R S5 1S BYIR B 78 460 AT 55 XU B R $R F5UM = A9 B2 A ST EE 43 4
............................... %5, A%, EZmf, 33, i, Tx (1721

C FARR SR -

BN EREHRARERMOENRELE ... Bk, EAE, 22E (1728)
B R B v e (1740)

(IiEZ3]) (ED) WFEizLET
201502017 F£EHE“AEHRH]”
o [E £z B E BR &2 00 715 K HA
hEBMALE AT
b E OB & B B B T
2 B v x % o 8 7
RCCSE & E & ¥ K H 7l
(B EFxxHE) (SA) WFET
(HmaE) (A)) WEBHT
hERZSIXHEE (CSCD)
INES | Wy Vs o |
== B | 7 A S G

o, M 44 R (A1)

FATH B AW CREE 4T3 0D
F E: EXHEMWARAF
E B EXHEMNERAH
SO P EERBHET O
CHMEAR) Yl
HORR: (HMEAR) REHARAF
* R 8K
BlE%: » A, BREIR. AEAR
UREEEPELE: F 2k 010-82812543
ITE%1T: $% i 010-82812465
2 # 010-82812430
Y% %E: 010-82812523/2672/2981/2982
M_E3%#5: http: / www.dwjs.com.cn
HARGHEREIE: 91862+ Wiz
£ HE: 010-82812980
# db: 100192 JbHER/NE R 15 5
Hh 5 R AR BR A A A
ED Ml dbsRHE BRI BR A B
e B PR AE S D E S H 6 5
BET: LEMTVRATR
B &IT: PEERER S AAH
T8 A S
EREN: 51800, 44 960 7t
MARS: EN 82-604  [EAk 1474M

—mp = ISSN 1000-3673
hEREESHEYS: ——————
CN 11-2410/TM

I EAMEICS: sUETIET & % 20170131 5

BATIEASH: CN 11-2410/TM * 1957 * M * A4 *431* zh * P * ¥ 80.00 * 20000 * 44 * 2023-4 ARiNERE REZIFAEEH L LM


http://www.dwjs.com.cn

POWER SYSTEM TECHNOLOGY
2023, Vol.47 No.4 (Ser.473)
Contents
* New Technologies in Generation, Operation and Control of Renewable Energy *

Development of Dynamic Voltage Support for Power Grid with Large-scale Renewable Energy Generation
.................................................................................. HAN Minxiao, ZHAO Zhengkui, ZHENG Jinghong, CAO Wu, WANG Weisheng, WANG Ting (1309)
Optimization of Voltage Ride-through Control Parameters of Renewable Energy Considering Power Angle Stability and Transient Overvoltage
................................................................................ LIN Weifang, REN Xiaoyu, ZHANG Guihong, LEI Yu, ZHAO Yuanshang, ZHANG Xiangcheng (1323)
Collaborative Optimization Planning for Wind/PV/storage Based on Scenario Generated by Deep Belief Network
.................................................................................................................................................... SHI Zhaodi, HUANG Yuehui, LI Pai, WANG Weisheng (1331)
Optimal Configuration of Energy Storage in PV-storage Microgrid Considering Demand Response and Uncertainties in Source and Load
........................................................................................ NAN Bin, DONG Shufeng, TANG Kunjie, ZHU Mengting, ZHANG Xianglong, CHEN Wei (1340)
Coordinated Planning of Energy Storage and Flexible Retrofit of Thermal Power Units Considering Ancillary Service Income
................................................................................................................... YANG Xiuyu, LIU Xueyuan, GUO Qi, SUN Yong, YAN Gangui, LI Haiyan (1350)
Primary Frequency Regulation Model and Aggregation of Deloading Wind Turbine Generators With Pitch Angle Adjustment
..................................................................................... AO Boyu, WANG Fangzheng, CHEN Lei, WANG Luo, MIN Yong, LIU Xiquan, GUO Jianbo (1360)
Quantitative Analysis and Parameter Optimization of Virtual Inertia Control for Doubly Fed Wind Turbine
.............................................................................................................................. ZHANG Jin, LI Shaolin, WANG Weisheng, QIN Shiyao, LI Chunyan (1369)
Stochastic Reserve Scheduling of High Proportion Wind Power System...............cccocooevevinnnnncnccceennns DU Gang, ZHAO Dongmei, LIU Xin (1378)
Reconfiguration of PV-TEG Hybrid System Based on Sea Horse Optimizer
................................. YANG Bo, WANG Jiarong, HUANG Jianxiang, CHEN Yijun, GUO Zhengxun, SHU Hongchun, HAN Yiming, YAN Yunfeng (1386)
Mechanism of Quantitatively Sensing Grid Frequency and Anti-disturbance Control Strategy for the Grid-forming Converter
....................................................................................................................................... SANG Shun, XU Ting, QI Chen, HUANG lJiejie, XUE Xiaocen (1395)
Grid Frequency Support Control Strategy of Three-phase Cascaded H-bridge Photovoltaic Grid-connected System
..................................................................................................................... LI Xueqing, YUAN Xibo, CHAI Jianyun, LI Ming, LI Liangran, YOU Rui (1407)

* New Power System Fault Characteristics and Relay Protection Technology *

Pilot Protection Based on Energy Distribution for Transmission Line Connected to Renewable Power Plants
............................................................................... YANG Guosheng, FAN Peilin, WANG Congbo, YU Yue, LU Pengfei, LIANG Ying, ZHANG Zhi (1415)
Bus Protection Based on Trajectory Characteristics of Current Sample Value Mutation
............................................................................................................ WANG Xingguo, YU Su, ZHOU Zexin, GUO Yarong, LI Yong, LIU Huanzhang (1423)
Turn to Turn Protection Scheme for Novel Magnetic Valve Controllable Reactor Based on Fundamental Frequency Component of Differential
Mode Current of Excitation Winding ...............cccccooeevrvnnnnniniiceeceen ZHENG Tao, MENG Lingkun, YANG Jianyou, TIAN Haoyu, SU Yi (1432)
Novel Protection Based on Transient Current Ratio for MTDC Grid
LIU Jiashuo, LI Yongli, CHEN Xiaolong, LIU Ningning, ZHOU Ning (1439)
Novel Method of Time-domain Fault Location for Wind Farm Double-circuit Transmission Lines
........................................................................................................... SHU Hongchun, DENG Yaqi, CAO Pulin, ZHU Mengmeng, MA Yutang, AN Na (1450)
Fault Current Calculation and Influencing Factors Anslysis of Virtual Synchronous Generator Under Symmetrical Short Circuit Fault
..................................................................................................................................... ZHENG Tao, WANG Ziming, ZOU Pengying, WANG Hongbing (1460)
Fault Diagnosis for Power Transformers Based on Improved Grey Wolf Algorithm Coupled With Least Squares Support Vector Machine
... LI Yunhao, XIAN Richang, ZHANG Haiqiang, ZHAO Feilong, LI Jiayang, WANG Wei, LI Zengyue (1470)
Fault Identification Method for Power Transformer Based on Gramian Angular Field Transformation and Deep Compression Model
...................................................................................................................... LIU Zhijian, HE Wei, LIU Hang, XIE Jing, TAO Yunxu, ZHANG Dechun (1478)
Bridge Arm Power Analysis of Flexible HVDC Transmission System
............................................................................................................... LEI Shunguang, SHU Hongchun, LI Zhimin, TIAN Xincui, WANG Guangxue (1490)

* Key Technologies of Power and Energy Systems for Supporting Peak Carbon Dioxide Emissions and Carbon
Neutrality -

Application and Prospect of Graph Deep Learning Technique in Intelligent Transient Stability Assessment

HUANG Jiyu, GUAN Lin, GUO Mengxuan, SU Yinsheng, ZHOU Baorong, YAO Haicheng, ZHONG Zhi (1500)

Day Ahead Bidding Strategy for Virtual Power Plants Considering Sharpe Ratio
................................................................................................................... WANG Weitao, WANG Xu, JIANG Chuanwen, BAI Bingqing, ZHANG Ke (1512)

............................................................................................................................. LIU Jiahua, ZHANG Biling, WANG Yunpeng, HU Lei, ZHANG lJieyi (1523)
Low-cost Adversarial Stealthy False Data Injection Attack and Detection Method
............................................................................................................. HUANG Dongmei, DING Zhonghui, HU Anduo, WANG Xiaoliang, SHI Shuai (1531)




* Key Technologies of Integrated Energy Systems Towards Carbon Peaking and Carbon Neutrality Goals -

Wind Power Forecasting Method Based on GAF and Improved CNN-ResNet
......................................................................................................................... ZHANG Shugqing, DU Lingyun, WANG Cehao, JIANG Angqi, XU Lihua (1540)
Research on Collaborative and Optimization Methods of Active Energy Management in Community Microgrid
.......................................................................................................................................................... HOU Yuanyuan, ZENG Jun, LUO Yan, LIU Junfeng (1548)
Description of Wind and Solar Power Generation Considering Power Plant Clusters and Time-varying Power Characteristics
....................................................................................................... WANG Yue, SHEN Jianjian, CHENG Chuntian, ZHOU Binbin, ZHANG Congtong (1558)
Wind-storage Coordinated Inertia Control for Improving Inertia Response and Rotor Speed Recovery
............................................................................. LI Shichun, SHEN Ao, CHENG Xuchang, ZHOU Qin, BAO Zhiyang, CHAI Junjie, XUE Zhenyao (1570)
Energy Storage Coordinated Operation Strategy of New Energy Stations and Collection Stations by Tracking Planned Output
.......................................................................................................................................................................... DONG Yaguang, LI Fengting, WANG Sen (1579)
Distributionally Robust Economic Scheduling for Integrated Energy Systems Based on Source-load Cooperative Carbon Reduction
SUN Huijuan, WU Peng, PENG Chunhua, LIU Jinsong, SHI Shanshan, FENG Xiaobin (1589)
Optimal Scheduling of Regional Integrated Energy System Based on Advantage Learning Soft Actor-critic Algorithm and Transfer Learning
.................................................................. LUO Wenjian, ZHANG Jing, HE Yu, GU Tingyun, NIE Xianglun, FAN Luqin, YUAN Xufeng, LI Bowen (1601)
Fault Diagnosis of Photovoltaic Arrays Based on Sparrow Search Algorithm With Firefly Perturbation-extreme Learning Machine
ZHAO Jingying, WU Jingjing, ZHANG Xuehui, ZHANG Wenyu, YAO Shuailiang (1612)
State of Charge Estimation for LiFeO4 Battery Combining PID Control and Extended Kalman Filter
.............................................................................................. ZHOU Juan, LIN Jiashun, WU Naihao, YANG Xiaoquan, ZHOU Zhuan, ZHANG Ziyao (1623)

- Power System -

Equivalence Analysis of A Class of Small-signal Stability Enhancement for Weak Grid Connected VSCs in “Outer-loop & PLL” Time-scale
.......................................................................................................................... LI Xialin, LI Jiaxin, ZHU Lin, HUANG Yuhui, ZHANG Chen, GUO Li (1632)
Analysis of Key Factors and Suppression Measures for Sub-synchronous Oscillation of Direct-drive PMSG Based on Frequency Coupled Impedance
.................................................................................................................................................................................................... XIAO Shiwu, XU Liguang (1641)
DWT-DTCNA Ultra-short-term Wind Power Prediction Considering Wind Power Timing Characteristics
..................................................................................................... CHEN Haipeng, LI He, KAN Tianyang, ZHAO Chang, ZHANG Zhong, YU Haiwei (1653)
Modeling of Synchronous Machine in Phase Domain With Constant Inner Impedance Based on Frequency Shifting Theory
............................................................................................................................................ XIA Yue, YOU Zhikai, ZHAO Peng, DU Songhuai, SU Juan (1663)
An Alternating Iterative Power Flow Algorithm Based on Bus Voltage Equation Decomposition
................................................................................................................................................ FENG Zhuocheng, JIANG Tong, WAN Kaiyao, CAI Zhou (1675)
Conic Optimization Iterative Algorithm for Static Voltage Stability Limit of Ring Network Under Related Uncertainties
.......................................................................................................................................................................... CHEN Chang, JIANG Tong, WAN Kaiyao (1682)
Multi-state Reliability Analysis of Hybrid DC Circuit Breakers Based on Semi-Markov Process
........................................................................................................................... PAN Hengyi, XU Jianzhong, HUA Huichun, JIA Xiufang, FU Fenghao (1692)
Robust Dynamic Harmonic State Estimation Using Interval Asynchronous Monitoring Data
........................................................................................................................ LIN Hongzhou, SHAO Zhenguo, CHEN Feixiong, LIN Junjie, LIN Xiao (1701)
Optimal Scheduling of Active Distribution Network Based on Adaptive Step Double Loop Model Predictive Control
.................................................................................................................................... PENG Chunhua, YANG Yifan, SUN Huijuan, DONG Shuaiqgiang (1709)
Comparative Analysis of Data-driven Method and Model-driven Method in Wind-induced Damage Prediction of Transmission Towers
......................................................................................................... HOU Hui, ZHU Shaohua, WU Xixiu, WEI Ruizeng, LIANG Yongchao, HE Huan (1721)

* Emerging Technologies and Standards -

Present Situation and Development of International Standardization for Power System Stability Control Technology
..................................................................................................................................................................................... XUE Feng, DONG Xijian, LI Bijun (1728)

Sponsor: State Grid Corporation of China

In Cooperation with: China Electric Power Research Institute (CEPRI)
Chairman of Editorial Committee: Zhou Xiaoxin

Editor-in-Chief: Guo Jianbo

Editor and Publisher: Power System Technology Press

Director of Editorial Board: Li Lanxin

Publication Number: ISSN 1000-3673

CODEN: DIJIES Devey#: 621.31

Address: China Electric Power Research Institute, Qinghe, Beijing 100192, China

Tel/Fax: 86-10-82812980

E-mail: pst@epri.sgcc.com.cn  http://www.dwjs.com.cn

Agent of Subscriptions Abroad: China International Book Trading Corporation (GUOJISHUDIAN) P.O.Box 399,
Beijing, China



mailto:pst@epri.sgcc.com.cn
http://www.dwjs.com.cn

