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Investigation into Application Prospects of Pumped

Storage in Sichuan Power Grid

CHEN Gang', DING Lijie', HAN Xiaoyan®, WANG Liang', LI Gan®, SHI Huabo'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract ; With the accelerated construction of new power system for high proportion of new energy access, the needs for power
supply with flexible adjustment such as energy storage are more and more urgent. Pumped storage, as one of the most mature
and the most widely-used energy storage technology with the longest life cycle and the largest capacity, has entered into a fast
track of development. The basic principle and development status of pumped storage are introduced, and the latest development
trend of pumped storage is summarized. The characteristics and existing problems of power supply are analyzed as well as the
application prospect of pumped storage in Sichuan power grid. At last, the application scenes and modes suitable for the
practical needs of pumped storage in Sichuan power grid are proposed.

Key words: pumped storage; renewable energy; Sichuan power grid
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Optimization Configuration of Distributed Energy Storage
System Based on Branch Flow Model Constraints

XIE Bo', DAI Bowei’, HAO Wenbin', HU Junyang’, YANG Caihong®, LI Ningning’
(1. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China; 2. School of
Electrical Engineering, Xi'an Jiaotong University, Xi'an 710049, Shaanxi, China; 3. College of
Computer Science, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract ; In order to achieve carbon peak and neutrality goals as well as the implement planning of " whole county photovoltaic
(PV) "strategy, aiming at the allocation problem of distributed energy storage that stabilizes the volatility of distributed load
and new energy output, and on basis of phase angle and second-order cone relaxation of power system constraints combined with
the operating characteristics of battery energy storage ,an optimization model for the configuration and day-ahead scheduling strategy
of distributed energy storage is proposed based on the branch flow model constraints and considering the system benefits and
costs. The calculation results verify the effectiveness and convergence of the proposed algorithm by comparing with the
heuristic algorithm-particle swarm algorithm.
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Research on Renewable Energy Accommodation under
Highly-resilient Power Grid

HUANG Jian', FAN Guoqi', JI Keqin' ,CHEN Zihan', ZHENG Qing', HU Jiheng',
JIANG Yicheng”, PAN Weidong'
(1.State Grid Jinhua Electric Power Supply Company, Jinhua 321001, Zhejiang, China;
2. State Grid Zhejiang Electric Power Company, Hangzhou 310007, Zhejiang, China)

Abstract ; In order to formulate the rational development strategy of renewable energy, a method of renewable energy accommodation
under highly-resilient power grid is proposed. Firstly, the impact of renewable energy integration is analyzed, and then a
framework for renewable energy accommodation under highly-resilient power grid is established. The capacity of renewable energy
accommodation is improved by the coordinated dispatch of power supply, grid and load, and a variety of renewable energy
accommodation projects are proposed. Finally, the "mobile transformer" and the retired battery access program are adopted
to reduce the equivalent load peak-valley difference and to improve the ability of system adjustment. The optimal configuration
capacity of the retired battery is obtained through the sensitivity analysis of mobile transformer, and the actual calculation
examples show that the proposed method can promote the renewable energy accommodation.

Key words: highly-resilient power grid; renewable energy accommodation; mobile transformer
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Research and Application of Grid-related Functions of
Governor System in Biomass Power Generating Unit

GAO Jian', LAN Ligang’, WANG Hongli’, LI Gan'
(1.State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;2.State Grid Sichuan
Comprehensive Energy Service Co., Ltd., Chengdu 610072, Sichuan, China)

Abstract : In order to eliminate risks and enhance performance of grid-related functions of the governor system in biomass power
generating unit, a complete transformation scheme is proposed. The scheme includes three aspects: firstly, the digital electro-
hydraulic control system (DEH) is transformed from a low-pressure turbine oil pure electronic regulation to a high-pressure
fire-resistant oil pure electronic regulation; secondly, the grid-related protection over-speed protection control (OPC) logic
and settings is reset according to the requirements of power grid, and thirdly, the primary frequency control (PFC) strategy is
redesigned according to the test guideline and combined with the over-speed protection control (OPC) action logic. The proposed
solution not only meets the requirements of the safe and stable operation of power grid, but also meets the requirements of the
safe operation of thermal power plants, so that it has important reference values and promotion significance for the grid-related
safety management of biomass power plants.

Key words: digital electro-hydraulic control system ; over-speed protection control; primary frequency control
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Research on Harmonic Suppression Strategy of Centralized

Photovoltaic Power Station Based on Impedance Reshaping

ZHENG Xin', WANG Ruohan®
(1.Chongqing Expressway Engineering Consulting Co., Ltd., Chongqging 401147, China;
2.State Grid Chongging Electric Power Company, Chongqing 404100, China)

Abstract ; Affected by the impedance of the line and the impedance of various transformers, the negative interactions will be often
generated between the power grid and the centralized power station, and it may cause a reduction in steady-state performance of the
system, which is mainly reflected in the harmonic problem of grid current. Aiming at the problem about harmonic amplification in the
transmission process of output current in the centralized photovoltaic power station, and taking the impedance reshaping as
the design idea, the grid-side voltage feedforward and output current feedback compensation links is introduced in the control
strategy through series and parallel virtual impedance. The simulation results show that the proposed strategy can effectively
improve the harmonic problem caused by the influence of various impedance of the system on the output current of centralized
photovoltaic power station.

Key words: centralized photovoltaic power station; impedance model; impedance reshaping
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Analysis on Protection Failure and Research on Improvement
Measures of 500 kV Line Arrester

LIU Shoubao, HOU Yucheng, SHENG Mingjun, FANG Yuan, TONG Li, WEI Changwei
(Datang Hydropower Science & Technology Research Institute Co., Ltd., Nanning 530007, Guangxi, China)

Abstract: The line arrester is an effective means to prevent the transmission line from lightning trip-out. With the use of line
arresters with higher voltage class, the protection failure of line arrester caused by the installation mode appears. Taking the
failure of line arrester in a 500 kV transmission line under the counterattack of large lightning current as a research case, the
simulation model is established by using the electromagnetic transient analysis software ATP-EMTP, the voltage of insulator
string and line arrester under shielding failure and counterattack is respectively qualified, and the reasons for protection failure
of line arrester under the condition of counterattack is obtained. An improvement plan for the installation mode of 500 kV line
arrester is proposed, and the voltage waveforms of insulator string and line arrester caused by lightning current under thei

mprovement plan are compared, which verifies the effectiveness of the proposed improvement plan. The research results have an

important reference value for the use of line arresters with 500 kV and higher voltage class.

Key words : transmission line; line arrester; shielding failure; counterattack; protection failure
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Research on Insulation Characteristics of SF, /N, Gas Mixture

JIA Chenggian', XIA Yalong®, NI Yuan', XIE Shijun®, ZHANG Chenmeng’
(1. School of Electrical Engineering, Chongqing University, Chongqging 400044, China; 2. State Grid
Sichuan Electric Power Research Insititute, Chengdu 610041, Sichuan, China)

Abstract : Based on Antoine equation and Raoult’s law, the liquefaction temperature of SF¢/N, gas mixture under different
mixing schemes is studied, and combined with the research results of global warming potential (GWP) of the gas mixture, its
physical and chemical properties are analyzed. The power frequency breakdown voltage and DC breakdown voltage of SF;/N,
gas mixture under different mixing schemes are tested, and the influence of SF content on the insulation performance and
physicochemical properties of SF,/N, gas mixture is analyzed. The results show that when the gas pressure is 0.5 MPa and SF
accounts for 30%, the liquefaction temperature is =59.8 C, GWP decreases by 30%, and the insulation performance of the
mixed gas reaches 80% of pure SF under the same pressure. In some cold regions, it can replace pure SF¢ in gas insulated

line (GIL).

Key words:SF,/N, gas mixture; liquefaction temperature ;
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Modeling and Analysis of Arc Grounding Fault in Distribution
Network Based on Breakdown Gap and Variable Resistance

LI Shilong, ZHANG Hua, LONG Cheng, GAO Yiwen, SU Xueneng
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract ; Arc grounding faults in distribution network are very harmful, Which may cause equipment explosions, fires and
other accidents, and arc grounding is a time-varying and non-linear fault. Accurately characterizing arc grounding faults is beneficial
to improve the research and simulation capabilities of grounding faults in distribution network. Aiming at the traditional fault
model that does not consider the whole process of fault development, an arc grounding fault model of distribution network based
on breakdown gap and variable resistance is proposed. Considering the dynamic development process of arc voltage and resistance
under different grounding media, the breakdown gap and variable resistance equation is established. The verification under the
PSCAD/EMTDC simulation environment shows that the arc fault model has obvious zero-off characteristics. At the same time, the
field test data and the simulation data are compared and analyzed, and it is found that the model can truly describe the arc
ground fault characteristics. It lays the foundation for the arc suppression, location, and line selection of distribution network,
which has a strong practical value.

Key words: grounding fault; modeling; arc; breakdown gap; resistance

0 51 &

e FEL X i i 6 TR 2 e, R v LA 2 ol e s A
MR T A A 42 3t 7 I I L O
FL AR 25 R R A A A 7 3, — B Sl &8

HEEWH . BE A RB2ER4H S0 H (52037001) ; F M U4 H
F128 AR H (52199720002T)

HEAE R ™ AR B IR, S T e e L Y B 20 B
TESZ U, N IR A WHE IO R fE it 7 AR
S RE R A BA ROR I, K- EE IUR Wk be
P A B A AR SO 122 M S B, A e B o HL T A
i ] IR T AR AL, R R 4 2%, 5
AR R SRR ST A
RTINS TC FEL 19 22 Ml 4 B R ) B 5, ok — A B 4R
FEH SRR AT ) T G H R B A e e T OIR, D



N B il B R K I A SR AR 3 i D)
HEd AT EEpE D

SCHR[ 5-6 1 7F iy Fe e 2 Gl o3 i B 1 1 38 T34
V() Cassie Fll Mayr HL5IAR Y B 2 33X P A Y 1
MDA A TR B R oI FRL BRI . SCHR [ 7-8 ] 3 aok
37, Cassie— Mayr 21 A A 7  fig ok 1 PR FhASE Y 2 25 43
PC )R, HA B 0 25 OR8N, BOKS i Al 2 1R
N SIS 220 i) L 9ICHS He | F R RRAIE . Hochrainer
Jefd i TS AR SRR S B R R A 3
AU E N R G R T ok i e AR A B 5
T R SRR R 5N OCER, 7 T IR
B EBRREN S KRS T O Y Cassie
Mayr A58 DL K S 4 1] v A 0 AN B 1 1 6 /s 422 1
Tl B r BEL A T T, SCHIR [ 1214 ] B2 H 17 X0 %5 el A
YA vt AL T IO v L 22 b g R A K — R
AL (R R A s A — J TH AR % S
R 42 b JC HL BIAR O, o3 — 7 T HG L TR AR B 25 8 T
AL 1 B 285 a3 R 2 B I 1) & SR ok AR T
DA S AE S SO 0 B R S B TR % e 1Y
B2 b A A TR G 32 4 T 221 ) R

SRy g b 3R S PR AR AL A A (R R A, R TG
BT 7 e ) B o 2 B 5 4 b e s e e i R 4
H0 T T 2 R R AT A% H R A T R O IO 1 b
BRI, 4 T 221 I 132 b 5 FRERR A, e 5 PSCAD/EMT-
DC 5 B A 5% e 1) F IR B HEA 76 e ot , I aF
TSI UE TR ALY IE AR M

1 Tl 5t B Bt ml 2 v B ) E H
IR b il i Y

Pic FEL PR T ) I Ay TR BT, 368 SR P 1 T it J3E
PRIZ PEHEAT o3BT, A oo B K 52 BRSO g S i L
AR o0 8] B P 3 4 R I A e 7 i, BRI SE
T R TR ) i e ol 2 S A () P o i A O B
WA K AR SO M I [ B A7 EL AN 52 W) ) R
YRIZ i 54 Joeam BE R S e A, P 3 22 )y T 2
SE T HIUER S HR, mIUR 2 BRI SR T
SR RE — LR TR v e 5 HRL I A A F R 1) R R
I 2200 S R, s DR A Jo i 8 ) P
TEARGERU B A | — A D OIS R AR A k2
= A £ PR REL g AN A F B R R fh 2
MR RS 1A, IO 22 S BOLRR AL, 2224 5 BE

AR, DM TE R P 2 % A A IO R e R e, 22 ke e
SCEERTEARANE 1 s BRI B w2 e 7 AR Y o 2
[ B R I ) A L BEL A R 2 5, T A A B RHLAE 52
AR AT B L IRLEE S5 R A5

AT

u (o o TSI

=

wEEE

o WIRSNREE
r. () 5
* T

B 1 MRS
B TR A ST Bt (1) 2
O TORTRO! (1)

S (1) ARG i, B ML BB S B
SOF LELA N

I T A BRI 15 4 e I 30
T4 e < T A o BEL 5 e 5 B A
T

2 A AR H BH AR R

2 M PR Ml I, 4 b I I P A 1] 2 A
5 JE) PRI, B 4 M A, O RN, R
FE B et s O i, B B A, B b R
WA E 2 B

. a )
Pt

B R

p

E2 REEMAERSH
BTN R AT ML O, D4
HUHELRH A

_(rel P |®_p
r=] Phae=- Pl =B (2)
R 2Tx 2mx |R 27R

A op HIBHAR R e s B T i ey 1 e
Mo R BB
LRSI IR, 4% 28T AY S Y ) ri BH A




RN 1 prst
®1 EREEXREE

B SSi] 1 HLBHER/(Q - m)
JIAE K 40~50
:Elré
L oA 100~ 1000
L3I 100~200
#t A
BT 250
W Big 250~1000
- BT 1000 ~2500
7K AR 1~10 000

S e BHL 12 3t 4 ol o B — T I A Je v, HE
INZAAS L, IO il 5 B B e Al ssE T, (30
' e B 3 b ke i A R i 28 P REL S b s T i e, ALk
IR BT AR ) A JRE A A A i R O 5 s ] T
SBuREC Rl

AR R oA, AT LUK 12 M v BEAR LB 1 S m]
AR LA

r = P e =rpe",t < T,
2wR
(3)
r P -nTy — rOe*nTl ,t > ]11

- 2mR ¢
L AWIAG HLBE 5 SR AN (R4 S5 R B 5 0k Fi 4
T, REANRI A 2 b sy B BEAS B & AR AR B s ]
5 Bb kL R UIAE G

3 oo Ta] Bt IR A

HRAE R 5 S0, A RS S A BB TE 20 4
IRk B e E F T B A SRR, P04
(1) H 7RIz 3l B rp S W e o e B 3158
KU FHCN e~ , 4 ad IKF] H FERCR M, W
R

ad = In(1 + 1/y) (4)
A ca iR R R REGd KBy HFE A
AT
[FiJ ] S 3 e L 3y
i = I.e" (5)
K, I RAMNAER S DR R A L
MK a F1E fE2 S IR RUE A

a =kE

u; = Ed (6)
K E b, Boara(s) \K(6) 1l
I AT AR (7) Fmt P
i |
I +1) (7)
A sgn MRS BREL, BLAL RIS B & 2800 1F 1
w, FHIHE 1k 5 1 —H%0 1k — R BCh
LRIKELERY 10% , I KIELR IS B E

U S e R IR I T w, = 0, BRIt

o 2 ] B B AR A8 ] R oy

u; =sgn(i;) (17k) - In(

i
‘0‘+1),I$T2

u; =sgn(iy) (1/7k) « In( 1. (8)

u =0, >T,
Aorp, T, AN [R5 DO 42 b il s 4 i hy 22 L RHL
o b s o TG il e S5 L DI LI )

T X T H P M R R AR B AL T RE T T
705 v, L5 o 2 1D B P, SR 698 422 b g e R A | 5 A
RURH L, 7% B8 T He e 1) 2 S il A | R 3 7 4% il
Fe S A

4 CHL b AR £ BRI A

4.1 HESH

fifi FH PSCAD/EMTDC 15 . 5% 4 ¥ % 45 H 12
AU 3 fir , B AR BE AR AL A B 2 JR F R I |
| SRR %, g BRSO IR 2,10 IRk B 1Y
HMEEE 8% , 11 1.2 13 43 5 3 SRR g gk,
R T A HUSIRBE AR B AT, 43 0l R FH 66 T A A
) Mayr HLRAIY  Cassie HEHRABLI DL K FE F 5 27 (7]
Bt 5 mT A5 i B ) e TR R AL v BEL IO b e

TR AR A Mayr R SIRSE 5045 28] 1) F 9 5 20
Kl 4 piros , W TE AT LU, T 422 v B i 5o
500 Q, J& T e BH 422 M, R PR O S B/ T R ) R
A5 RRFFER IR, F AT SR T HOE
7 (%) Mayr J7 Rl S g BH 422 b S B s, Pl A 9 el £
BN, B 5 T AEAE R IR 22

K2 REEMBHESH

LIl R,/(Q+km™) L/(mH-km™) € /(uF-km™) Ry/(Q + km™) Ly/(mH « km™)  Cy/(uF - km™)
sk 0.180 0 1.209 6 0.009 7 0.230 0 5.4749 0.006 0
ST 0.270 0 0.255 0 0.339 0 2.700 0 1.019 0 0.280 0




10kV
2510 km

L1

\/

HL/A

4 M Moy ITHC)
AR 25 SR FH Cassie HH SIURE 760 15 3] 4 45 B T2
s s, NBIE T LLE H A T Mayr B IR
(B Cassie HL9ILALS 780 15 0 9 W e EL 2 e i
HLIRRENE A L O A Z AR R PE , (B TH Z00% T 32 i
CENSE NN d S uN

HLT/A

0.08 0.10 0.12 0.14 0.16 0.18 020
i [A)/s
5 B PREEME R R ( Cassie EEIMAEAY)

HC R i R FH T o 2 ) o b 5 P 2 e Bl
BREABIIRY | 3 SIS 5k s ek L AN 725 ) ST s 4 b i s
il B F BH A 2P AR b 1) SO 122 M i s, 45 21 169 05 L
PIEANE 6—F 9 Fis

AT LA 56T g M B e N T AR
EL Ay 427 b 3 oA 81 L 350 I8 8 26 B A B B i AR
R IR g BE R EL A B S A (R B AR AE , FL R
PRI B ] Ao S i H 22 b s ) P S | P37 00
&4 T B AR LR MR AR | T 43 e T R 1 &
JritRE, 2T LA AR A s e e B 2 b i

AL, UE BT ) 5 T ol 2 () B A 95 ) 22 r
IELFIY T P PO S Y M 54 RS 8 L 5 1 AP0 1 i e
AR TR B T 5 R A R T P ) v L 2 o i e

>

.

0.08 0.10 0.12 0.14 0.16 018 0.20
B )/

Bo SRAMEERR(=0,7,=0,T,=x)

L R/KV

0.08 0.10 0.12 0.14 0.16 0.18 0.20
i A)/s
B 7 SEEMEERE(n=0,T,=0,T,= x)

HLIL/A

0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 0.24
i [8)/s
B8 TFIETHEEMBERTE(n=6,T,=0.2,T,= )

-4000 L
008 0.10

012 014 016 018 020 022 024
GRS

B9 TR MEEMEERE(n=6,T,=0.2,T,= )
4.2 KD
Shy S UE i i HH AR AR 7 T H 0o A R S 4
ELSE 10 kV A8 L il 28 4[] A Jo 4 i s S 56, R
LS AR e [ B i R SRR I A
IR SR 3 o e SRR AT 3K 20 kHz,



T T P DO B2 A AT T A R AU B
AR 10 A, A oL R LRS-, 43 A4
10 kV BEEE A FHERBE 2T R RO A b =, 0
Y M B AN 10 R

10 ZFEH BB AEMES
25 TG B A 2 M I R U L R R LA AT 11,
B 12 FFs .

0.8

0.6
0.4 ul
02p L

0 4

-0.2

R A LA

04

-0.61

-0.8
0

0.1 0.2 0.5 0.6 0.7

0.3 0.4
GRS

B 11 ZIIAEMEERR

6500

6000 [

5500 |-

5000 |-
o
S
EH“OO M
#4000 |- 1
3000 [

2500

0 0.1 0.2 0.3 04 0.5 0.6 0.7
B[] /s

B 12 Z£iBipaiEitigfEaE

NPT, 28308 B Ay 22 M e o b B8 Ak /)N | I
LA ry =3900 Q.0 =0T, =0 T, = oFmil &
BEL, S e 90 5 0 G HL I BB 80— B

2 T b G P O R R BEL G R 13
Bl 14 FT 7R, b PRAT R 20 2 M 3 M g s o B AR
K I AT ry = 4900 Q .n=4.7 T,=0.15.T,=c0
BEALL Bz L B, B2 B R TE 0.25 s AR & S b
FEHUE O, W 2 ST O R 2RISR 0.25 s 2,
F T R X 6 A P AT A e IR A K e R A AR
REAT SO — A

2oty AR IS ST, B4 1 B o 2 )
FL A5 T 25 L ) T L ) 42 e, 3 A 5 R 700 2
o BHL 422 1 5 B i, ELA A A S

15

1+

M I A

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
B8] /s

B 13 STFEMEmEERR

5500

4500 4
g 4000 i
=
-EP 3500 1

3000 N/\\J

2500 |- 4

2000

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
fif 18] /s
B 14 ZTFERIEEERRR
5 45
Bt o DA 4 b A A TR AN i s I A o A e ik

FEAY R, L T8 5 V0 AR P S A o 2 IR, 7% 1
T BUR AT B R K R AR R T
LT o 2 ) B R - 28 i L ) I P o) L 85 g L 4
MR R, PSCAD/EMTDC i LR W, i AR 7 A,
A WL A PR AE L RE A 2] im0 5 B 4 & Ji s 7 )
IR C H ) LR 6 37 A7 B 7, 1 6 Al
HE TR IERR P, O Jim 2 I S | K B R bR K
RIBTHEAL T WFF IR B o B X e A
TIZNE: | Jm SR T 25 A T AR 4 Joit ri L s 0l 2 5
AR R N 1] A T AL AT

S 3k

(1] RUBHIF, BT 2%, FEARAS. BC H X R b i o ALy
S R [ 1] MR, 2021,47(1) 1 12-22.
[2] ZEatEs, kB, FaEgE 55, b i 20 4 b e i 1) Pl
SR K BCATFSE [T ] H O RGP 5 ¥, 2016, 44
(24) :105-109.
[3] E=,EFE,EH N 2 B IO = BEL A DU 4% AR
ZEIAR ()] E R AL TR #4,2020,40( 1) :96-107.
(T#% 73 7)



500 kV 32 ik FL 8 R 72 bl ROV AL AT 5

XEKR,E &.F BFEE RKE

(FP ] e g TR O ) £ AT P R R 3 BT BT RS WL Wt B0 430071)

H BBV EYEIREVWELZULE KKEERLEZLBAO TR &M, RN BY 545 ALkt
PSCAD/EMTDC, # 5. 7 R B H 2 B Bk & 8w b B4y AR st gi kg BN EH BREMAKE T E
R R YT T oM, AR T 2B EEREEESBRAERRA X FRINY £ FHA T X5 TR
WERBY BErER LS EGER IR EN  BRKE GRS R ENERTE B BT ER LS ERARK
W% 2 A Bt R RO B R B 5 BLAL AR A AN AR S A Bl - R e 3 e i R )

KPR ST BB IR FE R P IR L e Ay B I R R L AMP S

FESEE.TM 757 XEIRERE A XEHS:1003-6954(2022) 02-0043-05

DOI; 10.16527/].issn.1003-6954.20220209

Research on Impulse Induced Voltage of Metal Sheath of
500 kV AC Submarine Cable

WU Gaobo, YUE Hao, LI Jian, LUO Chujun, WU Qinghua
(Central Southern China Electric Power Design Institute Co., Ltd. of CPECC, Wuhan 430071, Hubei, China)

Abstract: The impulse induced voltage between sheath and armour is the control condition to verify the safe operation of
submarine cable with high voltage and large length. The simulation models for impulse induced voltage are built in
PSCAD/EMTP. The influence of cable length, intruding surge waveform and cable structure parameters on the induced
voltage between sheath and armour are calculated and analyzed. The effects of bondings at intervals between sheath and
armour and using a semiconductive oversheath on limiting the induced voltage are analyzed. The research results show that
the cable length, intruding surge waveform and cable structure parameters have an apparent influence on the induced voltage
between sheath and armour, and the induced voltage decreases with the increase of the number of bondings and the increase of
the conductivity of semiconductive oversheath.
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Solutions for Virtual Grounding Based on
Turn-adjustable Arc Suppression Coil

YUAN Mingzhe', MA Yani®, WANG Qihang', ZOU Jingxin', CAO Ke'
(1.State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China;
2. College of Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract ; In view of the reality that virtual grounding frequently occurs in turn-adjustable arc suppression coil system, the causes of
virtual grounding are studied considering the influence of equipment parameters and structure settings of arc-suppression coil on its
compensation algorithm. Based on the theoretical analysis of arc-suppression coil control principle, the actual operation is simulated,
the trigger experiment and shift experiment are designed and completed, and then the influence of arc-suppression coil device on the
occurrence of virtual grounding is deeply analyzed and verified, and the optimized structure of trigger device of arc-suppression coil
after upgrading is proposed. The threshold test scheme is provided for triggering function detection of arc-suppression coil before
being put into operation, and the arrangement strategy of parallel operation of multiple arc-suppression coils is considered, which is
helpful to ensure that arc-suppression coil can accurately compensate system capacity flow, avoid virtual grounding, and play a
certain positive role in reducing grounding misjudgment in power dispatching.

Key words: turn-adjustable arc suppression coil; virtual grounding; compensation algorithm of capacity flow; optimization of

trigger device
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Molecular Dynamics Research on Interfacial Compatibility of
Cross-linked Healing Agent/Epoxy Resin

SHAO Qianqiu, FAN Songhai, ZHANG Yu, LUO Donghui, MU Zhou, XIA Yalong
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : In order to analyze the micro mechanism of healing agent repairing the fracture surface of epoxy resin matrix composites
during ultraviolet( UV) curing at the molecular level, the microstructure, interaction energy, mechanical properties and
intermolecular radial distribution function of the interfacial phase of cross-linked healing agent/epoxy resin are studied by
molecular dynamics method. The results show that the interfacial phase thickness, interaction energy and tensile modulus z
components of the cross-linked healing agent/epoxy resin are about 88.5% , 85% and 80% of that of the epoxy resin/epoxy resin,
respectively, which indicates that the cross-linked healing agent has good compatibility with the epoxy resin matrix. The reason
lies in the strong hydrogen bond interaction between H atoms of cross-linked healing agent and O atoms of epoxy resin matrix,
and the strong Van der Waals force interaction between C and O atoms of cross-linked healing agent and C and O atoms of epoxy
resin matrix.

Key words: UV curing; healing agent; interfacial phase; molecular dynamics
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Analysis on Integration Effect of DC Traction Power Supply
System for Urban Rail Transit on Grid Power Quality
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Abstract : The simulation model of DC traction power supply system for urban rail transit connected to power grid is established.
And then the evaluation index of power quality is expounded, and a simulation scenario setting scheme is proposed based on

two dimensions of urban rail locomotive working condition and quantity combination. At last, taking Chengdu rail transit

for example, the voltage deviation, harmonic voltage and harmonic current of access point are simulated and analyzed.
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Research on Optimal Dispatch of Multi—energy Grid Considering P2G
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Abstract ; Aiming at the problems about wind abandonment and power supply gap caused by transmission limit, an optimal dispatch

method of multi-energy grid considering power to gas(P2G) is proposed. Gas turbine is built to solve the power supply gap

problem, and P2G equipment is built to solve the wind abandonment problem. Firstly, the reasons for wind abandonment

and power supply gap in different regions are analyzed, and then the models of P2G equipment, gas turbine and multi-energy

grid dispatch are established. The effectiveness of the proposed dispatch method is verified by a practical example in a

certain area. Furthermore, power sensitivity of P2G equipment and gas turbine is analyzed, and the reasons for their sensitivity

characteristics is analyzed by the probability distribution of the original wind abandonment and the original power supply gap.

Key words:P2G; power supply gap; new energy consumption; probability distribution; sensitivity analysis
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Comprehensive Risk Assessment of Catastrophic Accident in

Power System Based on Complex Network

ZHANG Xian
(State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract ; Structural properties of the grid on a macro level and electrical characteristicsof the components on a micro level
together determine the risk of catastrophic failures. As a dynamic development process, the catastrophic failure not only
needs to consider its direct risk but also the potential risks. Unlike the direct exposure of direct risk, potential risks are
spread and hidden along with the inherent properties of network connection. When the risk spreads, the inherent properties of the
grid affects the diffusion mechanism of catastrophic failure. Based on uncertainty risk analysis theory and contact number theory,
and considering direct risk and potential risk comprehensively, the uncertain correlation coefficient between direct risk
and potential risk is quantitatively characterized by degree and clustering coefficient of node. Taking the grid contains
small-world effect and scale-free topology into account, the Apollonius power grid is established to demonstrate the effectiveness
and feasibility of the proposed method, and to verify its rationality by a real power grid in western region. The results prove that
the proposed method can meet the practical needs of engineering and describe the comprehensive risk of catastrophic accident in
power system more completely.

Key words : catastrophic accident; direct risk; potential risk; degree of connection; comprehensive risk; Aollonius power

grid; node degree; clustering coefficient
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Design of Rotary Interconnected Double Moving Contact
Contact System for Circuit Breaker

LI Qihui', WU Jinsong', WANG Shuyue’, CHEN Tianxiang’
(1.Xiamen Andaxing Electric Group Co., Ltd., Xiamen 361100, Fujian, China; 2.College of
Nuclear Technology and Automation Engineering, Chengdu University of
Technology, Chengdu 610059, Sichuan, China)

Abstract; A rotary interconnected double moving contact contact system of circuit breaker is designed, including a driving
contact assembly and a driven contact assembly rotatably mounted on a base, and the driving contact assembly and the
driven contact assembly are configured to be driven and connected. Under the action of external force, the driving contact
assembly drives the driven contact assembly to rotate in the opposite direction to make the contacts contact each other,
while the driving contact assembly and the driven contact assembly rotate in the opposite direction to separate the contacts
under the action of their respective reset parts. The designed rotary interconnected double moving contact mechanism has
a fast closing and breaking speed, which is conducive to rapid arc extinguishing and improvement of voltage withstand
capacity, and has a wide application prospect.

Key words: circuit breaker; rotary type; interconnected double moving contacts; system design
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Failure Simulation and Structure Optimization of
Aluminum Alloy Terminal Board in Substation

CHEN Jiahui', FENG Jie', LAN Guitian®, ZHAO Xinghong’, PENG Qian',
WANG Fanggiang', ZHAO Lihua®, WU Longwen’
(1.State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China; 2.College of
Electrical Engineering, Sichuan University, Chengdu 610065, Sichaun, China; 3.Gaoxin District
Branch of Sichuan Shuneng Electric Power Co., Lid., Chengdu 610041, Sicuan, China)

Abstract : The aluminum alloy terminal board in a substation cracked during the service. The failure simulation and structure
optimization are carried out combined with the on-site conditions in this work. The finite element simulation software is
used to analyze the stress status of terminal board, and it is inferred that its failure is related to the stress concentration
and deformation caused by the corrosion and thinning of the bottom plate. On this basis, the structure of terminal board is
optimized, and the influence of chamfering treatment and the number and layout of bolt holes on the load and deformation
of terminal board are investigated. The results show that the reasonable chamfering treatment and the reasonable number and layout
of bolt hole can effectively reduce the stress and deformation at the breaking point of terminal board. Optimal structure can be
achieved by integrating the advantages of chamfering with bolt hole layout in terms of dual suppression of stress and deformation.

Key words: terminal board; failure; finite element simulation; structure optimizationn

B4 F IO 45 R 1 AR E R A T B B AR

0 5 &

P B R D 728 R 3l A P e R I L
BRI E G R B SRk R B MR R
FER RS A1 L R Sy HL T e e i — R 4
UL ST T LR AR A5 F A8 — B 20, X I L X Y 22 4

HT TR < e WA IR A 30 T I 1] 2 % 1 25 <
G B IS T R e R BB
I A7, SRR A ] RE S B L AR TR A7 AR AR I A
MR, PRI, IR B R LR A S5 A P RE R fIROH
W7 SR A ARE S5 T i v i O R PR A

i A BROC H iz 1 5L,



IR A R AR IR R R I X AT R Ak
BT, RS PRI R B 00 A5 S0 B e SR W 2R T
RS, R A BROCM TR, XL AR A TSR
N ARJE AR T JEAR BT TRA T BT R
JEA 5 fieJm, 3 224 1 A P Bl ik S A A5 4
BB Ff AL PR MR AL B 5 BRHEAD | e PR W R b iR R
IO F RHE LA i K A R BE AR S 28, AT LA RS
L, R A SRR A AR BE LA

I S s 1 TN E ]

P 1 AR B 5 5 A TR A A BT 2R 52
YRR, WL & HE AR AR ], 5 R A
Jei L H B A i B o3 JC I S A 28¢5 (] sl
WA T B I Rk 1 B A R
bR O T8 @IS, B A B A I 24 2R 3k
W, B3 ) T A FE 2 AR S P TS ol BT A A S A AR
AACERIET ) WL AR T R R A S 2 A A iR
Bead B, FZK B A RAR I SRS HZ 8 Tl , i
IO TRV 7 005 B0 2R 285, 33 BRI 5 HL ik
FTRIE

B1 SRAEREHRHR

2 HE ARG R IR R B

P 2 SRS IR B TR S A T AR T L AT
B, DURE SRR PR B IR TN -2 P
P& SRS HON B IR 72 GPa,
THAALE N 0.33, 5 & W ER 2.7 g/em’, 4G
LM S b ad T A2 1 KR/INEs 1) BEEAE T
2x10° N AFEER AR 1 1 g o3 A M 28 P T T 247
ST 1B 3 D R T b 9 D 12 A A R L 1 7 4G
I L A W S BN N TR ST I = A
ST INTPIL IS

B2 SBAERKHRER

B3 BEWNZHSH

IR 3 PRYARS <27 Ay B R ELR AL
RLFHMI, SEBR il B0 R A A P B R S R B GR , dL 3
PR TEAY G IR S0 T W G L
WEA T T EAZAME T Ak Fepe it e b L
B e LR B R el TR AR 2 AT ’KEEA
PELARN AL T Hh 24 v 100 AR 119 e 4 Aok ] s SRS o
I, J5 S0 LR R N ) A AR S A X I A P 4
7, b P 4 (a) Aol € DR AR il O 1 T 2 B X
S, BEHGZ X ) foe KL T3 A D %k b 18T 4 (b) AL
28N AR AL 14 73 B DI, 2 IX el R 2%
HEAT HEER

@ Mg

(O3
B4 (FESHXE
WEA IZ AL Y T (57 s A 2 i 5 A 0
T ) A R PR B | WA ] 5 b J ok ™ g 5 /b i o
R AT FE =W 2 . 1 TR ih =) o B A ER 2R
[T, E NFEER A b | X2 Al A 4 R AN AT S



VERT, D5 B3 A H SR e Al 9 O AT R4
WAl s PR, d FonUIEIR B FARABHUIE LA AN ]
B AR

Es5 EHrEEs
AR d 0.2 mm 4 mm .6 mm 8 mm AR
PN LA A MR AR o P v T JE ok A I 50, Gan &1 6 JF
IR B R T AR EE R DSR4 1 10 T S R
e 24 Y DR N T A 8 18 3 AA A 2 AR (T
7L AR R I

%107 Pa

2.5
120
15

4 mm 6 mm 8 mm

() JEuIRR P

3.5%1077 3.5x102

—A— XK /)
= IR
3.0x107F ; i 13.0x102

g
£ £
S 25%10 =
R q25x102 X
2 =
5[5 2.0x10"F {00100 glg
x x

n
X
2

7 1.5%102

1.0x107F

' ’ %tﬁﬁ&/m6 )
(b) XSRIX IR IS ) Bt KX At K3
6 BT

FHE DRI H 2 i DRI 22 118 3 DR Dy e AU Al R AL
B A2 R IRASE 2o 7 TP R 7K 98 AR 32 30 1ok,
T B AU AR sl | fe A0 S PERTR =
FOUMIRL, AR WA AT e, DA N 2 4b 1
T AR T P 7 T AR s A T A

3 ARSI

LR B AREAMESE PR I LA S5 AG LUK i 77 5053 Hr 45

S, B F b2 SRR LA R P 5 TR 5 A A T
3.1 s

{5059y ] DAGES B0/ Hy B R B e
URBRARIRERN b | kb7 A 80 f 47 A 00 50 f b B
W 7 FiR, SRkt B £ 48] A, 1E 4R A0 18] £
2420 33 mm (SR A A —B) B
R TR A B KN 1K 2.55 MPa, /81 A ik
PERTAY 1/4(CRHER 298 10.6 MPa) |, Kl B2 Vs 55
TR SRR RS AR AR KA RS Al DA R G B Y
1.354%1072 mm /N5 9.99% 107 mm , Jil /> 1/4 | [
RS2 B R A5 3t R vl 4 2 RS 350 88 ot A P RE
PRIt 51 £ A B R AR T R A ) IR A 1 i

I f 4k
E7 fREs

32 BERIHE
3.2.1 mEAILEE

Ry BEAR A LA 1) JE o, 5 AT REDR/MIRAR 5 R
T AR B SE R, LAskE G 7K o3 B E A A0 3l 2t D05 U
INEBMUEARIEAE o Wi/ NEAS AT LG i 3 hinigie
LB, RIVHE IV AR 9 [ 8 29 S8, FER) IR 1S 28
FEAl LN 4 A IEFRALIGE I E] 6 A, fi A5 an A 8
FI7R o TEMNZE IR BE 5 e AR AR LA KA TE7E
X LA I FEL A B 24 I 52 e KN 324 9.71 MPa,
FHLE R AR A — g b, (B AR, AR Y
T R/ NE] T 4.45%x107 mm, 45/ T 96.7%
WU e AR AE 52 TG DU FIE ASFRE AR R
P
322 HAREFBAIULE

RSB LA X R AR B N ) FE AR B
e, FERI AR B LAl - DAFEZ A b i s, DA
M A 5 ) A AL bR, J 30 T 1) R A b g ST A
PRZ QKL T R AR 53 8 4 A~ X, R IR
R ALOC T R R A3, e — AN DI
[ QB  LY TN LY A Dy Y o I v e N i ]
g R AL ELAE R A 9 B



(o) BultelRe U
B8 EEME

(a) [RgRasef LB

2
24107 =7 1.8¥10
1o H1.6x102

1 1.4x102
o 1x107 g
& H1.2x102 B
B R
& ot 10x102 B
X N
© ot 18.0x10° [
i "
b 1x107 16090 i
14.0x10°
9x10¢
12.0x10%
8x108 . . . . L
60 70 80 90 100 o %0
T ALFR/mm
(@) BEHLIRA RN A R
——
1.3x107
H2.5x10°
1.2¢107

< =t

E 1.1x107 £

R 1110 A2.0x10° 3-5

iz s

EH 1.1x10 =

) =)

]
1.0x107
q1.5x102
9.5x106 !
. .
20 40
YNAL AR /mm

(b) BEELIBAAFTRE AN TR
Eo ERIMETUHELER
FH & 9 AT, B A SRS LA AR AR (3 K A B
FKICAZ A BE 2 HG T, Wi & 4 1) S5 R0 g 2% Ak T I i
FAEACFEE (AR AL AR X AN, SRR fL A DN A b 3
K, HIE R e R A2 Bl 22 98N | W 440 1 17 1 A8 A,
AT IR oK E R b SRl ) 2 Al R R R e LS
2 [ L R A B S R LA G Y AR 7 A B S AR
T, F T A R S DR R R e, B alie N
7L X6 55 A W R T RS B E R
3.3 ZmEMRK
BERAR FLAV B e A ) [ Bk A 30 A b 2R 541
TEWEE R AL PR D AR AR AT AR Ak, Ab 3L 7R
Ty o IR LA B S AR R RS R, B
gEERmE 10,
HH ] 10 AT FEEA TN S IR AL B B R Ak
J&i , AT AR Z ) e KA LR K 7, HLai s

R T AR, AR AR AR fie KR 22 5 T2
Ak B4 5 RN 3 D B 5, A BETR] I ik 1) 08 fie KAV 7%
I NNVIPN 2SN GRS & M TN el R S 2y
% 18 MU AR BRI fie K 78 5 W 244 1) Fie RN
R R BRIEANSE , 76— R b n] DL TR] i [ A 4
LM B R AL Rl KN T, HlE e B X R S AL A B
AR R R XL AR A A5 A T B BT — e I BURA T

1.6x107
1 2
141077 1.0-10
1.2x107 | g
g 9.5x10° &
3 ®
R 1ox10F R
1 5
E 8.0x105F 9.0x10 2
6.0x105F |
i 1854100 &
4.0x10°F
2.0x105F 18.0x10
Ly
88 90 92 94 96 98 100 102 104 106
1% A4 b5 /mm
@ ZrRENMARSEIMAIITEAER
L1x107"
44.0x10%
L1x107"
s g
£ ot {3.5710% £
N R
3 =
Rz Lo<of S|
i3 43.0x10% 5
= 9.5x106F =g
7 =
o b
9.0x109 ey
12.5x10%
8.5x10%
Qoo dhgeges
28 30 32 34 36 38 40 42 44 46 48 50
M AL FR/mm
() LEEPRR SRR
] = A [ =
10 GZARRUHEER
4 Yy A
n e

BT X AR L AR A AR R PR, 45
TP RBCRGL AT 0, 57 1 5 B 3R A3t T —
PR LA ZE R DR A LB AT LA Rk 22 R A
A ARACARS DR R T e . EREBUT .

1) 255 B0 5 B 3R LA W RS2 P s 0 A7 E0 03
A, LRI SR A58 ) = D DR R W e a3 ) 1 2k
LT T T2

2) B f Ak PR B AR AR FL A H SRR AL B Y
B HEA R B REAT AR B e ER AR Y 52 T FIE R L
17 HLE# R HME g SR SLA B A 7 ik B A

3) MR AL AV B Y 5 BEA R AR A B 40 A
U IROCR (R BB B N 23 A T S8 T A
S (8 ff R FL A SR A DL B, S BUXH I T A A
AOXCEE M, BARBICRAS RS IRALECH | (HEA
RREIRAAE s g HHY AR A5AE , m] S BV B iy, S B AR 22
DRE B DL P ol B T 5



(1]

(2]

(3]

(4]

[5]

(6]

% 0k

FIRRR. 500KV CVT 2 2R MR A g e HE 25 oAb BT ]
HLHLE B, ,2020(9) :37-39.

HHALJE AT EE  ARPE TR, A5 AR Fi 3l i 25 5K P TR B
FRHE L 70 2 2 A 9 W 24 TR TR [0 ). WL AR T R A Bt
2020,44(7) ;:98-102.

Rt R R AL, S5 AR H U R R A R e I 2 R
SFFLI]AIN T2, 2012,41(7) :191-192.
Bk, e TMEK, S RA SR AL IR
Brlll. =Ml R4 ( AARRHRR) , 2018,
38(5) :44-48.

W ATRA T TR Hi 4 I ok 2 I i 25 44 1
B[ 1)) 4 H 171,2013,26( 12) :60-63.

T B 220 kV LI ELRAR BEAR AR K A b b B

Mg B IE VT 1 ,2020,42( 1) . 74-78.
(7] Wz P sci, 2 IR A S it i ik e Y
SR T JE Rl S5 B f AR ,2019,31(6) :583-589.
[8] ERMY,Z=75m, PNEH L, 55 Wy ¥ 28 flL ik 66 kV HGIS
BERAAMRPE R R R R [ T] g RS
BidhEi A ,2019,31(2) :159-164.
(9] HF, Hol, Mz, 5 A R R KRR ()] .45
R 2013,34( 1) :48-50.
MR XN, VO 7, 45 7 r b AR B S AR R Ly
BrlJ] 5B ,2020,41(12) ;70-74.
TR P B WA R A 1L B AR BRI /T [ D .
B 30 7 TR AR K2, 2019.
EE BT
FRE(1991) , % -, TARIF AR F a1 AL W& &
B J R AT R (We#s B #3:2021-09-05)

[10]

[11]

(EBEF 81 W)

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

lan Dobson I, Benjamin A Carreras, Vickie E Lynch, et al.
Estimating failure propagation in models of cascading
blackouts [ J].Probability in engineering and informational
sciences,2005,19(4) :475-488.
AT SR RS v 2 H 00 4/ T SR P A
HB T[] RS A Bk, 2004,28(15) :21-24.
THY P LTINS MR A DR 7 R o Jf 58
PPALT] AL T R4, 2005, 25 (HE T < 118-122.
TH P BTN B MY Y A e 1 e 55
PPAESREL )] RS A Bh1k,2006,30(8) - 7-10.
Albert-Laszl6 Barabasi, Réka Albert. Emergence of scaling
in random networds[ J ].Science ,1999,286(5439) :509-512.
Albert R, Albert I, Nakarado G L.Structural vulnerability
of the North American power grid[ J ].Physical Review E,
2004,69(2) :1-6.
David P Chassin, Christian Posse. Evaluating North
American electric grid reliability using the Barabdsi-Albert
network model [ J ]. Physica A Statistical Mechanics
and Tis Application,2005,355(2-4) .667-677.
XSRS A P 4 1 LR ) s 2 i A5 [ D). &
HE - R RS, 2011
TRIASE K R LR, Ay 0 4% 1 i B R
ARG AT )] WL RS54 (T2 |, 2008,
42(4) .641-646.
FEHR, H5E T, TR, A R T2 XU B4 H R R xfE A
PPN AR J1,2012,40(9) :1507-1511.
XVFHE, 4 A E RIS HER [ M] LR EE KR
A AL, 2005.
Liu Baoding, Uncertainty Theory[ M ].Beijing : Uncertainty
Theory Laboratory,2010.http ://orsc.edu.cn/liu.

78X 5 B AR X AT S 25 i FH [ M B - TR
FAR HRRAE,2007.
José S Andrade,Hans J Herrmann,Roberto F S Andrade,

[15]

[16]
et al. Apollonian Networks: Simultaneously Scale-Free,
Small World, Euclidean, Space Filling, and with Matching
Graphs[ J].Physical Review Letters,2005,94( 1) ;018702.
T SRFNHT. AT T REE 0 $ D A/ HHE R0 1Y
Sierpinski PI%% [ J]. & % T # % 4%,2007,22(4) .
337-343.

FEHR, FOE DT, Tl SRR T H 0 A3 5 A A
JEE ) R P IOEPE DAL [ ] L T RGO AP 5 il
2011,39(20) :30-37.

T R FE VR A S [ ML AE s B R
#t,2005.

IR, TRAT B B IR L R 7R L A7 T S iAly 73
BERPASFFRGE M ] AR R R, 2010,
U.S.-Canada Power System Outage Task Force. Final
Report on the August 14,2003 Blackout in the United

(17]

[18]

[19]

[20]

(21]

States and Canada; Causes and Recommendations [ R ].
https ://www. ewh. ieee. org/r6/san _{francisco/pes/pes _
pdf/Northeast_Blackout_Final.pdf.

TS R R 2 A A —— R RE R A A
SFYCBLLM ] AL T E L g R, 2010.

AR, B A, ARSI FH, A5 FL ) O 4 BEF 5 OF
FE[J]. A AR 2008,32(1) :26-30.

Jagabondhu Hazra, Avinash K Sinha. Identification of

(22]

(23]

[24]
Catastrophic Failures in Power System Using Pattern
Recognition and Fuzzy Estimation [J].IEEE Transactions
on Power Systems,2009,24( 1) .378-387.

EZE T

ko OBE(1968), 8, TAEME  HAR RN, TEHRT TG
) ¥, W 28 IR B A R e iR
(W7s B H:2021-10-07)



	2202ml
	22dl2(1)



