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Fig.9 Reliability rate comparison of multi-terminal

AC and DC distribution network in different scenarios
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Optimized solution scheme of bus protection for dead zone fault
WANG Fengguang, LI Li,LU Hang,DING Jie,DAI Jiagiang, GONG Xiao
(NR Electric Co.,Ltd.,Nanjing 211102, China)

Abstract: Bus protection configures bus coupler dead zone protection for bus coupler dead zone fault, but
not configures feeder dead zone protection for feeder dead zone fault. The existing bus coupler dead zone
protection is introduced, and an optimized solution scheme is proposed,in which the current transformers
on both sides of bus coupler are connected with bus protection simultaneously, and the bus coupler dead
zone differential protection is set. The problem that bus coupler dead zone protection does not have selec-
tivity and its fault cut range is large,is solved by the propose scheme. The operating behavior of the bus
differential protection and line protection when feeder dead zone fault occurs is introduced,the necessity of
configuring feeder dead zone protection for bus protection is pointed out,and the operating behavior of the
feeder dead zone protection is analyzed. Then the corresponding solution for maloperation risk of the feeder
dead zone protection is proposed,which avoids unnecessary circuit breaker tripping and improves the selec-
tivity of the bus protection.

Key words:bus coupler dead zone protection;feeder dead zone protection;bus differential protection;bus pro-

tection;relay protection
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Reliability evaluation model of multi-terminal DC circuit
breaker and its application
WANG Tianlin', YANG Moyuan®,GAO Chong',CAO Huazhen',WU Yaxiong',
ZHANG Zhen?’,OUYANG Sen®

(1. Power System Planning Research Center of Guangdong Power Grid Co.,Ltd.,Guangzhou 510030, China;
2. School of Electric Power,South China University of Technology,Guangzhou 510640, China)

Abstract: MTCB (Multi-Terminal DC Circuit Breaker) is the core equipment to realize the connection and
fault isolation of multi-terminal converter station in the future,and its reliability directly affects the reliability
level of multi-terminal DC distribution network. Firstly, the topology and working principle of MTCB are
analyzed. Then,taking the three-terminal hybrid DC circuit breaker in Zhuhai “Internet plus” demonstration
project as an example,based on the engineering reliability principle and considering the redundancy level of
devices, MTCB reliability evaluation model is established. The influence of MTCB on the reliability of multi-
terminal DC distribution network is analyzed. Finally, based on the structure of Tangjiawan three-terminal
DC distribution network,the reliability of MTCB under different design modes and redundancy levels is cal-
culated. The influence analysis and sensitivity analysis of MTCB on the reliability of multi-terminal DC dis-
tribution network are carried out,and the correctness and effectiveness of the proposed model are verified.

Key words: multi-terminal; DC circuit breaker; DC distribution network; reliability evaluation; redundancy

analysis
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Table A1  Types of multi-terminal DC circuit breaker
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Fig.A1 Topology structure of Tangjiawan three-terminal
hybrid DC circuit breaker

3 sv. PEB sm |
jamvis S
1~ Ri Cip ~ Pl
i D, ’Bz = 3 3 |
%IGBQ Ds o { H— e ]
| D Ds i
1L Da ~ = N~
! < =T I T

KA2 B SCER AR M ES 1
Fig.A2 Transfer branch topology

()

f(t) = A6

R()

0

t

A3 TR R e R

Fig.A3 Schematic diagram of relationship between reliabil-

ity and failure rate
CS1 CslI

10MW 3-TCB 10MW
HOKVogkn  Sigy S 50km HIOKV =

= PET
@ - E éﬁm

0.6km

~
PET @
Load2
a @5MwW) S
0.6km vsC
Loads
5.12m
A

0.6km j 64 |

K A4 BB RGR AN

Fig.A4 Topological structure of case studies
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Table A2  Reliability parameters of 3-TCB components

Jeft s/ (U at) Juft IR/ (R a ")

B 0.006 000 NCU 0.001 402
IGBT 0.011 907 ICU 0.001 402

D 0.003 800 PD 0.035 040

L 0.000 245 ECT 0.002 103

C 0.000 916 BCU 0.010 500

T 0.001 643 FEU 0.009 500

M 0.001 320 OoCpP 0.009 200
SCuU 0.001 402 IKD 0.009 800
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Table A3  Reliability parameters of DC distribution equip-

ment
i FEL 5% MR/ (KAt BERE/ (Y

LR i 1.153 7
) BRI 0.075 10
LML 0.013 10
Hh R 4 A 0.070 5
R i 2% 0.005 16
2. B 0.002 30
by [ e 0.006 4

xR AL TR RN
Table A4 Load reliability indexes

A7 Fir 25 A PR B AT 1 B
P s AL )
i PHER e /(i a?) PRt/ ha )

Load, 0.366 7 3.6910

bt
iﬁs%ﬁ Load, 0.3757 3.962 2
JLIR Load; 0.245 2 2.476 0
Load, 0.1558 15820

bt
?ﬁ; Load, 0.164 8 1.853 2
JLR Load; 0.058 5 0.609 0
- Load; 0.360 7 36310

bt
Z;‘éi; Load, 0.369 7 3.902 2
JLIR Load; 0.2857 2.8810
- Load; 0.149 8 15220

bt
Zg%; Load, 0.1588 17932
JLR Load; 0.074 8 0.7720
o— Load, 0.0432 03101
; ;i*,] Loads 0.0522 0.404 1
Feafs Loads 0.105 2 0.900 1

RAS RGTRMIER
Table A5  System reliability indexes

fRPR1E

ECL2 LS| LS| ST A ST A
TT & Gk T4 HIR

SAIFI/(7% &%) 0.3292 0.126 4 0.3387 0.127 8
SAIDI/(ha%) 3.376 4 1.3481 3.4714 1.362 4

ASAI/% 99.961 5 99.984 6 99.960 4 99.984 4
ENS/(MW h) 6.092 5 2.3873 6.2925 24260
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