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Analysis of reliability for relay protection systems in smart substation

WANG Tongwen', XIE Min', SUN Yuegin', SHEN Peng’
(1. Anhui Electric Power Dispatch & Control Center, Hefei 230022, China; 2. School of Electric Power,
South China University of Technology, Guangzhou 510640, China)

Abstract: The typical structures of relay protection systems in smart substation for different sampling and tripping mode
based on universal design are built. Both the complete reliability evaluation models and reliability analysis for relay
protection system are also finished based on reliability block diagram. Probability sensitivity and component sensitivity
are used to provide the element sensitivity and importance under the direct-sampling-direct-tripping mode protection
system. The former is applied to find the weak link in order to improve the system design level, and the latter is used to
search for the importance of each device to guide the operation & maintenance of the protection system. Research results
can be used for the planning, operation & maintenance, and development for relay protection system in smart substation.
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Table 1 Reliability data for protection device
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SW(ALHeAL) 0.02
EM(GET) 0.001
EUCE fig 43t ) 0.006 7
PRUEGARI 4 0.01
CB(#AE4) 0.01

Wire(H145) 0.001
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Table 2 Steady state probability for the device

PG TAEMEP HEIMEP RSPy
MU 0.999 98164  0.000 009 18 0.000 009 18
IED 0.999 98164  0.000 009 18 0.000 009 18
TS 0.999 98164  0.000 009 18 0.000 009 18
SW 0.999 945 21 0.000 054 79 /

EM 0.999 99726  0.000 002 74 /

EU 0.999 98164  0.000 009 18 0.000 009 18
RP 0.99997260  0.000013 70 0.000 013 70
CB 0.99997260  0.000013 70 0.000 013 70
Wire 0.999 99726  0.000 002 74 /

2.2 AEMHERE

A] FEVEME K (Reliability Block Diagram, RBD)
P & e /et BN T N3 7 = A B S T e WY
HEDH RS . RBD MR R4, 2N RSE
AEEPEAER, R H R G TRE S RGOREH
Ko RITRIAE T RGEA PRSI

X1 2 A3 WA B IO AR R ¢
M5, ATk oA 4Es B k. Bk,
oo 1 MICH: 2 B ER S EREZE 5050 B AP, ,
RSN Py, M Py, » HEIEEN B M B, o HE%
BERN Ay A IO RIS AT, AR —AN T

PERBE, JFRM SRS RATPIAS AR R
B, BN A A S B IEF S ERE
RENMER S FEEIBEEN Boy v Pyiowa s Proma » M

Piora =D1\P2 T PPyt PPy
Pwiorw2 =1~ Piors = Priom 3)
Prnom = PnPn

EHERABL, 0 T H A Y, LR H TARRER.
A BN Bosss Puons + Pron
W@,

Piana2 = P1P>
Pwinnewz = 1= Piangz = Prianan “
Prianan =1= (1= p;)(1=py,)
2.3 ZIRIRIFAT DGR

N EALG AR LR, Rl g 4k R e
R R 20 AR AR R T Lk (R
PHIPTSEERE R I 7 Pros. ARYEE 7, JUREER
PRI ATEEE 73 B 45 R dn 3k 3,

M 3 AN TR RS A B R RGN
o, B, PR TR, ik
GEORAAHLE, PIEEVERIA AR N R AT EEME
MEE A, RSP PRFERCT,  “BRE
Bt R g IR T SEME e, ARG TTIERR
A oAb, fEF—BCT, SV RI GOOSE /2 1%
AR R Ge T SEVE SR AR N AHAE R R 58 Y
PE” AORBEHTSE T, LML s MnE Wi e P
i B RE L OO, T BTG

Mgtk e

[ wirel ] wirez | o [wirelo [ PR wire2o [ B ]

CHREBE” B

IR ELBE” B
(SV. GOOSE%} )

“PR B L
(SV. GOOSEJL[)

CHRMBE” B

PRI A
(SV. GOOSE} )

“IYR 7 B
(SV. GOOSEJLK)

7 BELRFRIPATEIER
Fig. 7 RBD for single line protection system



- 64 -

& 0% EP DA

R 3 URLRRIPIRSMRSR
Table 3 Steady state probability for the line protection

AT T e S He
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LG 0.999 945198 1 0.000 000 006 8 0.000 054 795 1 1

HREB 0.999 926 547 2 0.000 000 026 5 0.000 073 426 4 2
MR ELBE(SV. GOOSE 4 ) 0.999 908 170 4 0.000 000 053 9 0.000 091 775 7 4
MR ELBE(SV. GOOSE 3L ) 0.999 908 171 4 0.000 000 052 6 0.000 091 776 0 3

ER M Bk 0.999 926 547 2 0.000 000 026 5 0.000 073 426 4 2
MR B BE(SV. GOOSE 43 ) 0.999 908 170 4 0.000 000 053 9 0.000 091 775 7 4
MR B BE(SV. GOOSE JL 1) 0.999 908 171 4 0.000 000 052 6 0.000 091 776 0 3
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Table 4 Steady state probability for the busbar protection

AT E TR S HeF
HE AR IRENIE

RIS 0.999 780 756 5 0.000 000 147 1 0.000 219 096 4 1

ERE B 0.999 706 029 9 0.000 000 445 1 0.000 293 524 9 2
WK HBE(SV. GOOSE 43 k) 0.999 686 982 6 0.000 001 297 2 0.000311 720 2 4
WK HBE(SV. GOOSE 3t K) 0.999 687 675 1 0.000 000 461 2 0.000 311 863 7 3

ECR M Bk 0.999 706 029 9 0.000 000 445 1 0.000 293 524 9 2
W} SR BE(SV. GOOSE 43 ) 0.999 686 982 6 0.000 001 297 2 0.000 311 720 2 4
W SR BE(SV. GOOSE 3t K) 0.999 687 675 1 0.000 000 461 2 0.000 311 863 7 3
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Table 5 Steady state probability for the transformer protection
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AT T e S He
HE AR IRENIT

LG 0.999 890 379 7 0.000 000 048 0 0.000 109 572 2 1

HRE B 0.999 834 758 7 0.000 000 049 4 0.000 165 191 9 2
WK HBE(SV. GOOSE 43 k) 0.999 779 610 7 0.000 000 185 4 0.000 220 203 9 5
WK HBE(SV. GOOSE 3t k) 0.999 779 644 2 0.000 000 139 2 0.000 220216 6 4

ECR M Bk 0.999 834713 3 0.000 000 113 8 0.000 1651729 3
W} K BE(SV. GOOSE 43 ) 0.999 779 523 7 0.000 000 297 7 0.000 220 178 6 6
W SR BE(SV. GOOSE 3t K) 0.999 779 644 2 0.000 000 139 2 0.000 220216 6 4
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Table 6 Results of probability sensitivity

Sk Tt RE R AGE (x107) He
MU 5.48 2
IED 2.74 3
LR SW 5.48 2
EM 16.4 1
EU 2.74 3
MU 7.99 2
IED 1.00 4
(N3SAVSTA SW 7.99 2
EM 29.98 1
EU 6.99 3
MU 5.00 2
IED 1.00 5
AR SW 2.00 4
EM 11.00 1
EU 3.00 3
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Table 7 Results for the device condition sensitivity

Sk Jeft Sl RBUE(x107) Hir
MU 18.4 2
IED 9.20 3
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EM 8.24 4
EU 9.20 3
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IED 2.26 5
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