F43%5 F3H
202343 B

Vol.43 No.3
Mar. 2023

& 0 8 %% it %

Electric Power Automation Equipment

1 1) R SR B ) N B DR T B LRI 7

ShAE A BB 2 & RES, T AT

(1. i A RF A58 FIREFR, T 102206;2. BMILTT A A8, L% 100031)

HE. TRHAFHERETRE NWE AR EAEE  BRTHAL AL ETRARNGEEF T LE, Ak,
REBDEOERXAELFHAL AR LETRBNEAX T E, 2W LA R LETRAKXGZE HHE H08E5H
E AR MERE R T ERALSFMAT LT RAR G0, S H e R LREEAXE B LT REE
MR BEARER; 22X B AT EZENIEE KT IEIR, BE0FE 128 S R4 5T R AF
BAREHIRA R, MENEBEESESBAFAXNER, FREE TR0 S AFRARBH E; X8
R A f R E RO RA N, 3R A T R RARALE B A FTRALE B AR, 5F 4 R R R ARACEE R $4K A IR IR

A 1A Fo BB ARAC )RR AT R AR, SOy A4 RISE T PT 3 - B 7 ik 69 7 20
KEBIA: TRALFM, U AR LK R HHNEAX; £ B ARKAL; K E 440

FESZES :TM715

0 5§

FH, 7 0 2 A I T 7 B R R A R A R
RS & b we ) ) HE B it . I JLAR, I H AR KF
B R A T U KA f R 25 AT 2B 7 A T i
BT E KA 20154 12 A 555 22 P IX
B 455 H S BOZ R o — 2 A s DA T T H RS
2016 4F-9 H , 5 5 KUK B 2% XURT L N R L KR S5 10
KA T E AR AN 4N K A5 HL 52019452 A L i
TR H il 8 B B IR & N By 4 [ 23 M R A
21N R AR R 5 2021 4R 2 H, SE RS HL X &
A AR A, S P RO R 480 7 . BRI, HL
o 2 BRI A2 B 1 R 2 i DG

H T, FE AT L N 208 B o 35 2T
R RS H AR K SRR L E Y,
T RS — M n] o AN R 3N4ERE . FE R AR
N7 A G IR TR A S, S R A R P N 2
T B2 EL , S5 & A S A N S g R R ., B
AT R 22 45 e I 2 B0 R B 2R A A A2 At
L7 T, G SCHR [ 3-4 142 107 20 Y 9 B B - AR A
AR EE 7, SRS T3 7 25 e N B IR 174 10 2 FiL U
Rl HLIR A R R M TR A SR, Sk [ 6 T4 s T ) FL g
Y RGP T R AE AR LA Tk, 3
R L7 46 2 = SR v B i D T B B A1 =X
AL E k.

Wrkm B #A:2021-11-19; 18 [E] B #A : 2022-06-02

TE&% H iR B #5:2022-08-12

HEWHE: B R EEH L% B (2020YFF0305800) ; B %
v, A R 8] AR B (520201210025)

Project supported by the National Key R&D Program of

China (2020YFF0305800) and the Science and Technology
Project of SGCC(520201210025)

XERFRAERS: A

DOI:10.16081/j.epae.202208007

FL 3 2 B U AL P e A A e A
VR SR N R R AR S R A R RO TR
XA S S M HAT B H M . B
KT B R A i B2 G IR RIS 32 EAR R A
R TR i LRI R e 55 a5 e ik 2 4 T3 T - SCHR
[8 1M R AAt 23 FAR 42 3 B A7 Ay A e
P TR AN R 1 14 107 2 P DRI A I B 5 % 5 SCRR[ 9 IR
FHL R A Tk 22 H AR N 2 58 P A B k[ AL 5 SR
(10T RAAS A s )5 FL RS e /N R Ak FL A, 3257
HL 7 IV A 55 e AP AT s SCRR [ 11 1255 7% 18
FHP =LA 2% A5 LR PR 24 3R R 1 R 55 A, 4 1
HL ) L S 55 a5 22 S B ML T v

A ST N B IR A I 5T R 22 3 T W
KA GE RIS N R M 5 I RGN
PRRFIR I I 5%, 40 2022 47 b 5t & o SEH R AT 2%
FOFRI 5 o AR AE A A BE I I 1) A
BRI i, R K RRIR i ) SRR 25 B Bl A2
TRIERE & AR UK T 1) o R 2 AR Y 1 2 98
BRLRIBTFE , ACEA BE S TR R (e s R 4E
BATAGHE) i HAA B, AN
G T3 95 B0 75 T R AL S 2 PR X R 2 B
KB, JovkiE T HE A 2S5 e
R 2 S0 i L R 3 B DR ) 3 Tl 40
A e T () FE R 2 P 1Y) H g B URR )
RS W a2 InfE R R TG )N
SGCITALIR X AN AT AR5 v g i A T I 45
& T B G , FL T S TR (AR N B
B N2 AR ) JE T AL e, G
3 R0 I B IR 0 2 R 55 I BR AR [, H
DA Aol i L i EUSRE ANk €/ TR SN o e
Ab 5 R v T N B DR B RN R 55 A



53 A

SRR A < 1) HE R 2R Y L S IR BRI T v &

DAL, U3 R 2 G IRAE A% I 2 I 55 i 1 A
B bk A Al 15 2 e T O AL R B A A R 1)
PR SRR g X JRE S 2

BT L3 4 5 TR A A TR T, AR SCAR Y T i) K
FE2x SR (0 F D 0 S B IR M Be A O i, 32 A
WA - — 2 R 2 S IR R
B2 R N i e i T BRSNS g A
A 2 X 0 2 B A 52 s R 4R R L
IO R WA B B R T 1, R 2 A L DU 114
SR S5 1122 FAR KL 55 7% R SR AN 5 119 Fi ) 1 2
GEIROL AL, SN S IR 55 s ek 5 I BT IR
IR ZES H . TER B, 25 R O 5 E XU
IR 2 IR 55 IR FRZAT TR, S N7 3 R A5 v KRS 8 1
AS B R T S IR 55 a5 2 20 HAR LA T, 3R
T e LRI 2 H AR LRI AL 7 5 2547 5K A% 5
TET B 2, 5 T B BE 1 N2 IR 55 s A B HE ALK 25 2R
75 BN 2 BT IR SR BN E A, B2 T XA AR
F187 FL P 7 2 R AN f R T T IR TN B 7 A
PRI Fy s 1 2 A5 A DT TR A TR I

1 BANSFEERERAXESR

L1 BFRWEHSERBEESN

ARSCH I N 2 SRR S B AR S B a2
HEA 2R, H A2 PR B B AR 2 4 6 P i ml g
I DA =N el VR U NI EYS AR IR R S i
BT ANE 1 RT7R o RO B IR S B A
SV 2 B IR A ) HRZ T S T ) 2% v B A IC
AL S PR N R IR 55 ) BR A5 R B e
SR, I 2 B W L A B R ) B R T S ) 4%
TR BC B AR X T E RS F A N R I AW
BN TESUNAIN A (NNF=E7/ L iE I TF Y 18/
Ty B THT S I 265 Hh ) 5 BRC L O EE A 2 R
f ] SRR SR S e (R R I, = R B
SEHTOMBEOR , AT S Yy R T A2 2 R

2T B T
I?t%‘lﬁ$ﬁ:| |$Jr%lﬁ’ﬁ§d?| Fﬁ el ﬁm
= T
& IR
o
" phend

[N ] B e S
T BT
L RRemCE

Bl HARREANNES WEASERESHT
Fig.1 Analysis of cyber-physical-social factors in

emergency resource planning
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Fig.2 Two-stage planning framework of

emergency resources
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Fig.3 Solution flowchart of proposed

two-stage planning model
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Table 3 Comparison of emergency resource
planning methods
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Protection and location method of rotor winding grounding fault for
variable speed pumping storage unit
QIAO Jian"?,YIN Xianggen', WANG Yikai'?,LU Qinghui"*,TAN Liming'?>,ZHU Lingjin"’
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology,

Huazhong University of Science and Technology, Wuhan 430074, China;

2. Hubei Electric Power Security and High Efficiency Key Laboratory,

Huazhong University of Science and Technology, Wuhan 430074, China)
Abstract: The rotor winding of variable speed pumping storage unit adopts the special structure of three-
phase AC excitation, so the existing rotor grounding protection method is no longer applicable. Aiming at
this problem,a protection and location method of rotor winding grounding fault for variable speed pumping
storage unit is proposed. The rotor grounding protection scheme is constructed by connecting the current
limiting resistance to the injection device outside the rotor slip ring. Based on the principle of injection,
an online calculation method of grounding capacitance parameters and fault resistance is proposed. Whether
the grounding fault occurs or not is judged according to the grounding resistance,and the protection outlet
mode is determined. The phase distribution of rotor winding potential is considered according to rotor tur-
ning and rotating speed. The conductor connection of each slot in the fault phase winding is regarded as
the virtual fault point and the corresponding reference potential ratio is calculated. The actual potential ratio
is compared with the reference potential ratio of each virtual fault point, and the virtual fault point with
the least difference is regarded as the fault location,so as to realize the grounding fault location. Results
of PSCAD / EMTDC simulation verify the effectiveness of the proposed method.
Key words: variable speed pumping storage unit; rotor winding grounding fault; injection principle; electric

fault location
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Two-stage planning method of power emergency resources for major social events
HAN Jianpei',XI Yanna®,LIU Nian',ZHANG Silu', WANG Shu®
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;
2. State Grid Beijing Electric Power Company,Beijing 100031, China)

Abstract: Major social events integrate cyber, physical and social information, increasing the difficulty and
complexity of traditional power emergency resource planning, for which,a two-stage planning method of po-
wer emergency resources for major social events is proposed. The cyber,physical and social coupling factors
of power emergency resource planning are analyzed, load importance degree is introduced to quantify the
impact of major social events on emergency resource planning,and a two-stage planning framework integra-
ting emergency service depot planning and emergency resource allocation is presented. A power outage risk
quantification indicator is introduced considering load importance degree, a multi-objective planning model
of multiple emergency service depots is constructed comprehensively considering the load outage risk,invest-
ment cost of service depots and emergency service time constraints,and a solving method of multi-objective
model is proposed based on & constraint. Considering the uncertainty of emergency resource demand,an
optimal allocation model of emergency resources is proposed based on interval optimization,and the original
interval optimization model is transformed into optimistic optimization problem and pessimistic optimization
problem for solution. The effectiveness of the proposed two-stage planning method is verified by case simula-
tive results.

Key words: major social events;power emergency resources;two-stage planning; multi-objective optimization;

interval optimization
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Fig.Al Emergency service network of a regional power system
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Table A2 Parameters of emergency demand depots

wHREFS EIERE BAAR/KV A& HE/ KW B %5 B BR /min

1 0.1 450 0 20
2 0.6 390 0 20
3 0.15 360 0 20
4 0.2 590 100 15
5 0.35 420 40 15
6 0.5 650 90 15
7 0.18 440 0 25
8 0.7 210 100 15
9 0.55 580 150 15
10 0.37 620 140 15
1 0.85 380 250 10
12 0.51 490 150 15

13 0.45 560 100 20
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Fig.A2 Optimal location of power emergency service depots (n=5)
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Table A3 Emergency resource demand

R TS BN RRREESE/ MR
1 [2, 3] [1, 2] [2, 4]
2 [1, 2] [1, 3] [3, 4]
3 [2, 4] [2, 3] [5, 6]
4 [3, 4] [1, 2] [4, 5]
5 [3, 5] [2, 3] [5, 7]
6 [2, 3] [2, 3] [3, 4]
7 [1, 2] [1, 2] [6, 7]
8 [2, 4] [1, 3] [5, 6]
9 [2, 3] [2, 3] [4, 5]
10 [1, 2] [1, 2] [4, 6]
1 [2, 4] [1, 3] [7, 8]
12 [1, 3] [2, 3] [5, 6]
13 [2, 3] [1, 2] [4, 5]
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Fig.A3 Dispatching scheme of emergency crews
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Fig.A4 Dispatching scheme of power emergency generators
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Fig.A5 Dispatching scheme of emergency materials
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Fig.A6 Optimal location of power emergency service depots after changing load importance degrees
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Table A4 Emergency resource demand of Case 4
R TS INFSYNIAL {65 B RO/ NS R

1 2 2 3
2 2 3 4
3 3 3 6
4 3 2 5
5 4 3 6
6 2 2 3
7 1 2 6
8 2 1 5
9 2 2 5
10 1 1 6
11 4 2 7
12 1 2 6

13 2 2 5
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Fig.A7 Dispatching scheme of emergency crews in Case 4

& A8 i ARG i M L5 [E
Fig.A8 Traffic network topology of test system
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