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Fig.1 Three-state model of static components
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Fig.2 Equivalent dynamic element three-state model

Apr=Agt A, (4)
At ,
1
Py= L+A ey + A pp /g (6)
1
e 1+ILM/AM+/\DRMM/()\M/'LDR) o
1

0=

1+MDR/ADR+)‘MMDR/()\DRMM) (®)
A A AT g 50 B TR R AR TR A5 (A i R
MBS R A H g 2050 R T AR R AR BER A5 1
IR AR S 385 A I gy, 73 501 R A5 R0 R B 25 0T
BB R AE E R Py Py, Py 23 5 25U I 3h
BICIFIEH BT T RIKAE BRRER
213 B TAFE T AR
Rt J e A A L A R B P 1 T R R L M A
ML i, BRSO LR R IR BT A S
(o ) 5 R T e AR i R A S e, — N
e RIKHERZE . LK SRS 25 a
FEIEH BT 5 HFORES , H T SR PR R
Py :IU“FR/(/\FR +:Uvm) (9)
Pry= A (A pp+pen) (10)
LA BT g 50 51 BRI T AR (R B B R M 2 %R
Py F1 P 53900 R B TG A 1E s A T T B %
22 BRHBESEELZEHSIRAE
FHEE R RS o E A2 HL A
P 4, BN L EAT AT S e B R IRIE . H AT
WA B VD ) 22 B i o R B iR o oy X
T Tt 2 LR ) VSC-HVDC R4, N
TAEF I e AT T SR T BRI R R
HRPE PR T AR AR SCHE S IR E B R HL Y 45 1Y
Xof i L0 i PR R 4 R R g oty L R R R A IX BT
D7 ¥R SR L, X e 1 40 3 3l 1) H AR R R R R A T R
a3 X o DARAR R I T3k B AR FE 4 4 40 X R ], T
A3 ik s R NI A XSS AR 48 M Al Bh oo
AC-E My i Vv 321 5 4R 37 R G0 C&P FEL it 46 it
DC-E 74X, VLI 5% A B A3, 474 X A0 & i) oo
DLBE S AR AL,
LTy X AT B — A IR T S s A AR
A, MPREIZ DX A e B sl RS B RS, 45143 X Y S50
A SRR RN 3 s o B M, R T A X RIS
BARZS N, SR T X IE # s 4IRS s R, 5%

BT K BROIRZS . 8% F 0 X A TR ARG AE s R
A MR, Uh AR R B R o
=t (11)—C14) s,

M, [
Azm
Hzm y
N, —=OR

Hzr z

B3 FHORER=RSER
Fig.3 Equivalent three-state model of sub-division
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Table 2 Equivalent three-state reliability parameters of each sub-division
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Table 3 Simulative results of different

equivalent models

gl REAHRE  REATHE
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%E*ﬁf%ggg%kmﬁﬁ 0.99564469%  0.0029338%
& %Eﬁ%&;\;’g““ﬁﬂ 0.98565476%  0.01434524%
%Em%g:ggﬁjkmﬁﬂ 0.99564469%  0.00293379%
%ﬂmﬁ(gggg%wfﬁﬂ 0.9587500%  0.0412500%
%ﬂkﬁ%ﬁgggﬁmﬁﬂ 0.9884850%  0.0115150%
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Reliability analysis of electrical system in +800 kV VSC-DC converter station
SHU Hongchun'*?,DONG Haifei***,ZHAO Hongfang',XU Chang*, YANG Yongyin*,ZHAO Xuezhuan®
(1. Faculty of Information Engineering and Automation, Kunming University of Science and Technology,
Kunming 650500, China;

2. State Key Laboratory of Collaborative Innovation Center for Smart Grid Fault Detection,Protection and Control Jointly,
Kunming University of Science and Technology, Kunming 650500, China;

3. Yunnan Key Laboratory of Green Energy and Digital Power Measurement, Control and Protection,

Kunming University of Science and Technology, Kunming 650500, China;

4. Faculty of Electric Power Engineering, Kunming University of Science and Technology, Kunming 650500, China)
Abstract: The equivalent two-state model of electrical components is optimized, and the equivalent three-
state. model of components considering scheduled maintenance state is proposed to conform to the actual
operation of flexible direct current(DC) transmission system. Taking Longmen converter station in Guang-
dong as an example, the reliability parameters of each component in the main electrical connection of the
converter station are calculated by the equivalent three-state model, and the reliability parameters of each
partition are calculated by the simplified partition method. On this basis, the reliability model of electrical
main connection is built by combining goal oriented (GO) method and dynamic Bayesian network,and the
time-varying curves of availability, inavailability and scheduled maintenance probability of voltage source
converter-DC(VSC-DC) converter station are solved. The feasibility and effectiveness of the proposed model
and method for reliability evaluation of electrical main connection of VSC-DC converter station are verified.
Key words: reliability analysis of main electrical connection; VSC converter station; GO method; dynamic

Bayesian network ;scheduled maintenance
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Fig.A2 Four-state model of dynamic components
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Fig.A3 Schematic diagram of main single-pole electrical wiring division of gantry converter station
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Table Al Zoning results of electrical main wiring of

Longmen converter station
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Table D1 Raw data of reliability parameters of static components

etk ARy waty A arady  Haroxad MRy Grad
vk RE2 0.015 1.00 730 4380
Wi AR A 0.02 1.01 12.167 22.67
IER/TER T 0.00658 1.005 11.967 350.4
BRI 0.0833 1.005 350.4 834.286

* D2 SRS HIRGRIE

Table D2 Raw data of reliability parameters of dynamic components

it ARy qrah A arah Ass ke Hwo arah Hryarah Hs) (K ab

ERN S 0.121 1.01 0.06 73 121.67 8760
UL T 0.045 1.01 0.06 73 175.2 8760
b 55 5% 0.00149 0.147 0.00149 109.5 156.43 87600
VSC 0.0813 0.03125 0.0813 486.667 36.5 2920

% D3 MR LA S HIRIGHIR

Table D3 Raw data of reliability parameters of auxiliary components

i ARy rath HRIGkab

iR R 1.3095 1095
AEPUE PR 0.1833 182.5
BT A5 1.07 680.098
FeHs 771 0.015 584
FELIAL HLIE AR 1.02 798.112
CERTRIE=E N 1.02 798.112

R ) R 1.02 798.112
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Table D4 DBN node transition probability of each partition

ha=s Iy X t=0 P t;ll 5
Py 0.9986  0.999884 0.000114 0.000002
1 R R 0.0013  0.079956 0.920044 0
P, 0.0001  0.393469 0 0.606531
Py 0.9978  0.9998 0 0.0002
2 EETAKX R 0 0 1 0
P, 0.0022  0.0689 0 0.9311
Py 0.9176  0.999392 0.000132 0.000476
3 AC-E R 0.0382  0.001581 0.998419 0
P, 0.0442  0.072443 0 0.927557
Py 0.9948  0.9997 0 0.0003
4 U R 0.0001  0.0511  0.9489 0
P, 0.0051  0.0468 0 0.9532
Py 0.9212 09998  0.0001  0.0001
5 c&P R 0.0773  0.0014  0.9986 0
P, 0.0015  0.0688 0 0.9312
Py 0.9801 09995  0.0001  0.0004
6 DC-E R 0.0148  0.0086  0.9914 0
P, 0.0051  0.0655 0 0.9345
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