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Fig.1 Flow chart of Monte Carlo simulation

3 MMAMBRNXTHIHRER

K IR ] 2B 22, ISP B8 ] 171 2 f51) L A
FHXE AR T e TR A5 3R 25 BT 52 5 5l A OR A 2
K2 o3 VS ST A I D AR IV A T R A BROER
S HR R 1M FRAR ST 19 2R RO AT AR AL
B i) ] 5 R R R 3% 3 A A Y R S B
WA SR T UL 2, 2 e S BERER
GRVCIE sh AR T AR s e B G MO
BJE L

B2 FRIFWEA
Fig.2 Main beam I-beam cross-section
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Tab.1 Parameter statistics table in normal usage limit state
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Tab. 2 Probability of failure of outcrop gate and deep-hole

gate under limit state of normal use
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Tab.3 Parameter statistics table in bearer capacity limit state
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Tab. 4 Probability of failure in limit state of

bearing capacity of outcrop gate

Iy AR ) AL e F] WAL
t b ¢ R P/% P/% | b ¢ R P/% PJ%
N N N N 0.6 12.5 [LN N N N 0.9 12.5
N N N LN 0.7 12.6 |[LN N N LN 1.2 12.7
N N LN N 0.7 12.6 |[LN N LN N 1.2 12.6
N N LN LN 0.9 12.8 ||[LN N LN LN 1.3 12.9
N LN N N 0.8 12.5 |[LN LN N N 1.1 12.5
N LN N LN 0.7 12.6 ||[LN LN N LN 1.4 12.8
N LN LN N 0.8 12.6 |[LN LN LN N 1.3 12.6
N LN LN LN 1.1 12.9 ||[LN LN LN LN 1.6 13.1

SihFR 2GR ATTEGREI, FE WK
AR T BROIR ST 2 SOk e /N T T A P AR B
R KR X 5 E A/ —8C AR TR
ZRHE 7 A B R S e I L 4 ) T B o B E
W BRCR S B IRAE O, % 4 o, YA g N IES 4
ABIA P g = 0. 006 , 359 IR M XF £51E 25 43 1 i A7
P =0. 016, B0 IR H235 F 2. 7 £, 0] WL 76 7k 3 6
7758 FE MR L 2 8000 A I8 AU 88 T ] 2R &L
WE A5 AR SR ALK
422 WAL P

WAL, E R ¢ FF R 5%
JE o BUJ1 R 78SV o0 A 2R B 1 5 88 T ) AR 4
— &L HOKE 3 K, =0.90.8, =0. 135, 0 1i
AR5 H A Z B0 [a] 75 AL 1T 2R O 8 3 530 45 2R
W 4,

PR 2 53R A4 AR, WAL T AE I R K
FELIR 25 T 2R A50AE 6 th BH 2 R TR 2k BE ) il BR AR S
TSR R X T LT, P, = 0. 125, A
FIZHEG T P =0. 131, 30840 6%, AHX T
FETT] L T AR AE S BRAR ST WAL T 2R
ST HNERAT 32 53 A S BN R R 3 5 W 4K
AN AB 2 B0 B IR AR HOIE 2 3 A i 5 A R
BR,

5 &Hig

a. A T TE B A0 A FRCR 25 R 2 e ) B BR
RS TS S 9 G AR A 0 BT S Y 24 70 o A S 1
PRAFFAR TR AN 2 A 2 R 5 /K AR I 175
A8 ek Il AR HC T 285 53 A IR AR R 85 e 2R S8 A
AR AL JE AL B B IE 25 20 AR BT IR 45 0 )
FEVE R A

b. LA R 2 AR N L WL T) L R ] A 2K
RO TR AH S B BE DL AL £ 73 A 28 10 %6 5 Tt i)
I 2R BEHE SR B8 5 W SR TR L] oK s )
17 2 2 B A A R 0 TLART 2 B0 50 ] 1) 2K 25048
SR O SRR TR B R N S K A 2 4
Rtk

c. B ) 1 75 T 3 ol P A BRHR 285 18 2 S8 AR 5 1]
R THR B T B FROIR 25 T 9 28 ROHE L it
T JR B4 I 11 0] 8 1 43 A B 7 2% B8 R 480 8 ) i PR
RATS B3 B IR I, 50 S5C T IE R AR T
FR AR NS 728 T R 25 (1) A

S E WK

(1] B, Bacus, T, 55, 45 R B s M X 1k
BRIEEE RPLHRER R TR B L)), Bl Rl 5
T H,2022,19(6) : 1475-1484.

(2] S, xIBE, HEE. LT JC LMK T8 W17
ATEE AT (D). R A K R K HL L 2009 (2) < 121-
123,129.

(3] JaAgkdr.2=dupe, 2w ng, 45, /K T4 I 17 45 4 1F %
Aol P AR PR S W] BE 43 A [T ). 00 K2 22 3 (4R
B2 MR ,2003(3) :310-313.

(4] ZRUbEe B0 220 pe. A0 0 0T 32 B2 ) 58 B U 4y
BriT ] sBUR 22 (22 R . 2009,42(1) £ 20-24.

[5] Zsspc, 5. K 157 1 4K M ) 3 3 £ 2 sl =X
FHOG I 2R 58 T 58 B2 A BT L) . 7K A %248 . 2009,40(7)
870-877.

[6] BRE X, 2= gk A, B0 I b1 Rk ik BE R AT L AT e
MG S 8], PR A TR 2 B 4, 1985 (1) »
1-23.

(7] sk, %8, Whae. 30 0 7Rty il 1] % 2R3
MO 25 AP A )], K J1 & ,2019,45(3) : 85-89.

(8] ALShER, v, A # . /K TR A 1] A 00 W B8 v ¢ )&
HE— 25T KT K HL . 2020,46(4) :75-78,96.

(9] Yo FRANER , R 7. /K A0 I 1] 32 G244 2 2 R
TR ITEMFELT ] KRR AR, 2020,51(12)
86-91.

(107 e , S5 X . i 7 187 v 5 5% 4 5 1 0k s B T
FEPEPEAN T E XS AT ST [T ], s R4l (T
M) »2016,49(5) :779-786.

[11] e AR 3k = K R F8. 7K i) 3 B 9 : SL265-
20160 S]. b5t . v E /K ORI K Lt iRt 2016.

[12] Z=@ink, A i &, 4 7R 5, 55, 3k T2 W45 Br i A
W25 A RN 97K AR ) 1] 2 A 3P Al L. 7K A AR IR R
2,2016,34(6):195-198.

[13] BC HYDRO. Site C clean energy project: Business
case summary[ R]. Vancouver: BC Hydro,2014.

(F4% 228 7)



. 228 - P/ S N =R - S S 2023 4F
%7 AN B E AT A AR S hIORS B, AT RS 4 [J]. Applied energy 2018,211:443-460.
R Ak it TR S B (4] B IKREE B RAEL AR, A g0 A 2 U 1 T 0 ik
b. A H T i 44 07 5 0 A 0 48 B O A 7 R ERABASHEN AL ARG, B RRA
S RSO (0 I B e 19 B 0 52 90 Wl 52 9 L2021, 45,220 ;3546

o ‘ (57 . E A AR A, 3 e S A
X‘/ TR YA A1 41 ’75 7> x><’El =
T A R BRI DS R BORR F 7 T o B 0 {8 o S B L)), )

SR L T B0 3 o 5 [ 7 ARG 0 L 20216y 5112
JJ BEHLIE AN S) PEXTRC AL P SRRSO BE 0 08 (o s gieop o). 8 000 0 4015 10 24 T H L 25
U G iy 1k P R P f 5 20 ot 60 B s [0, ok o DR 27

. 2022,40(1) :200-205.
S E30HK
[7] TOMONOBU S, HITOSHI T, KATSUMI U, et

(1] LR R LS. o X TR B R PR S al. One-Hour-Ahead load forecasting using neural
R EERT]. T &M 11,2019,32(1) :20-28. networks[ J]. IEEE transactions on power systems,

[2] CHEN LEI. JIANG YUQI. DENG XINYI, et al. 2002,17 (1):113-118.

A novel fault recovery method of active distribution [8] CHEN Z,SIM M, XIONG P. Robust stochastic op-
networks oriented to improving resilience[ J]. Ener- timization made easy with RSOME[]]. Management
gy reports, 2022,8(S15) :456-466. science,2020,66(8) :3329-3339.

[3] MOUSAVIZADEH S, HAGHIFAM MR, SHARI- [9] LAVORATO M,FRANCO J F,RIDER M J,et al.
ATKHAH MH. A linear two-stage method for re- Imposing radiality constraints in distribution system
siliency analysis in distribution systems considering optimization problems. [J]. IEEE transactions on
renewable energy and demand response resources power systems,2012,27(1):172-180.

A Service Restoration Method for Active Distribution Network

Based on Robust Stochastic Optimization

HUANG Mu-tao' ,ZHOU Hu-jun',LU Ming®,LI Zhe*,LIU Shan-feng”
(1. School of Electrical and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074,
China;2. Electric Power Research Institute of State Grid Henan Electric Power Company,Zhengzhou 450052, China)
Abstract: After a blackout occurs resulting from an extreme disaster,the active distribution network with distributed
generation and energy storage equipment can perform service restoration by island partition and network reconfiguration.
To solve the service restoration problem for the active distribution network with uncertain wind power output,this paper
proposes a two-stage service restoration model based on robust stochastic optimization. In the first stage,the event-wise
ambiguity set of wind power output is constructed based on the historical data and the model which minimizes the outage
cost is solved by the robust stochastic optimization method. In the second stage,the energy storage and controllable loads
in the distribution network are used to track the wind power output,so as to optimize the scheduling during the fault re-
covery of the distribution network, which minimizes the outage cost and the total power loss. Finally, the superiority of
the proposed the model and strategy is verified by the simulations of a modified IEEE 33-bus distribution system case.
Key words: active distribution networks; failure recovery; robust stochastic optimization; island partition; network
reconfiguration
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Influence of Parameter Distribution Type on Reliability

of Hydraulic Steel Gate
HU Tao-yong, HAN Yi-feng, SHI Shou-jin, ZHOU Yi-da
(PowerChina Huadong Engineering Co. L.td. » Hangzhou 310014, China)

Abstract: Aiming at the two failure modes of hydraulic steel gates, the relative deformation failure under the normal
service state and the bending shear composite strength failure under the limit state of bearing capacity, the corresponding
failure probability analysis models were established respectively. The influence of different parameter distribution types
on the failure probability of two failure modes of outcrop steel gates and deep-hole steel gates in hydraulic steel gates was
explored through Monte Carlo simulations. The results show that under the same failure mode, when the coefficient of
variation of the variable itself remains unchanged, the failure probabilities obtained by different distribution types are rela-
tively close. Compared with the outcrop gate, the deep-hole gate has a higher failure probability and is more prone to in-
stability. But the type of parameter distribution has little influence on the failure probability of deep-hole gate and has
great influence on the outcrop gate. When the random variables of each parameter follow the logarithmic normal distribu-
tion, it will have a relatively maximum failure probability. It is easy to overestimate the reliability of hydraulic steel gates
by considering only the normal distribution.

Key words: hydraulic steel gates; reliability; Monto-Carlo simulation; parameter distribution types; failure probability





