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Reliability evaluation of a new generation smart substation considering relay protection system
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Abstract: A new generation of smart substation has become the future of substation. At present, the reliability assessment
method of a new generation of smart substation is based on substation system or relay protection system separately, without
considering the comprehensive influence of this two systems, resulting that high reliability index are obtained. Based on
minimum path algorithm, firstly, this paper establishes the reliability model of a new generation of smart substation relay
protection system. Then, the equivalent index considering the comprehensive influence of the primary system and relay
protection system is put forward. And a new generation of smart substation reliability is evaluated by the above model and the
equivalent index. Finally, an example is given to verify the effectiveness of the proposed method.
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Fig. 1 Model of line protection under different sampling modes
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Fig. 2 Model of bus protection under different sampling modes
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different sampling modes

1.4 HithfRIpEE

TR — AR RE A T 5, AR C H A R
M5 — IR A FEA I — A, IS ST
R4k RS R G, TZREE Ry, AR

RREORY? 3 ORI E ORI R b R T Bk
R, BRI, AR T b 3 KR RS
XF IR ARGl SEE K .

2 YrRRIPRGEAIEEITE

H O R RR P RSB, WA
th, BINEE AR, A EEM TS5,
AT R o] 5 PEHE ] (Reliability Block Diagram,
RBD) K 4k {R R G G5 HE , 2l 4K OR R ST T SEdE
FER, MITHHIRSA HRGOIRE, PR /N A
FRVE A AR IR RGP SRR AR
2.1 dREIRIP RG] FEIHAER

IR AT EEPEAE R AL R T A G 2T (Optical
Fiber, OF). AZ#Hl(Switch, SW). HLZi(Wire). 47
FLJG(Merging Unit, MU). £ BELR 41 % (Intelligent
Protection device, IPD). #/fieZ¢¥i(Intelligent Terminal,
IT). [P %45 (Time Synchronisation Source, TS)
EIutt.

2.1.1 SRy T SEPERE I

IRAGL R ORI i, 2D 2R PR AP AT FEVEHE
KA &l 4 B “ PR Bl R 7 s 25U 14k
PRI B, B RS 7 R T SEVERE I %
JE& T IR AR 52

EM4 EM6
(a) “EEMBE” J5t
EM3 EMS EM7

EM4 EM6 EMS EM10
(b) “MIRMIEkE” J73t

4 REIR#E#FT R TR R 7] S HEERE
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under different sampling modes
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different sampling modes
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Fig. 6 Reliability block diagram of main transformer

protection under different sampling modes
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Fig. 7 Main wiring and module diagram of 220 kV

new generation smart substation
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Table 1 Component reliability assessment parameters

UM TAEMER SRR R DR P, HOERA
MU 0.999 981 64 0.000 009 18 0.000 009 18 0.0067
IPD  0.999 981 64 0.000 009 18 0.000 009 18 0.0067
TS 0.999 981 64 0.000 009 18 0.000 009 18 0.0067
Sw 0.999 945 21 0.000 054 79 0.02
OF  0.999 999 726 0.000 002 74 0.001
1T 0.999 998 164 0.000 009 18 0.000 009 18 0.0067
wire  0.999 997 26 0.000 002 74 0.001
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Table 2 Reliability index of line protection system

] HERE R IS S
ECRMEE 0.999 944 94 0.025 0.02 0.045
) SR D 0.999 944 9 0.047 0.0467 0.0937
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Table 3 Reliability index of bus protection system

CIETHES E(ERIES RB)H [
HX M Bk 0.999 835 0.065 0.06 0.125
MRMEE 0.999 834 6 0.09 0.087 0.177
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Table 4 Reliability index of main transformer protection

ED F{EEIES kS [
ERMBE  0.999 889 8 0.045 0.04 0.085
FSERIBE  0.999 889 0.062 0.067 0.129
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Table 5 Module equivalent reliability parameters

Btk PR ViEN [ AfEESE R A Req BEEu
&« {37 IXX] Np 2

1.2 ;1?§IJQE 0.03 0.999 969 0.07 099981 365
ARk 0.097 0.999 73
“« S »

3. 4 EiijyE 0.12 0.999 452 0.12 0999779 584
“IR SR Bk 0.12 0.999 79
“HMBE” 0.25 0.999 75

5.6 “Eiffr{fﬁ, 0.205 0.999 786 1008.727
EPIEIE 0.277 0.999 72
“HRMBE” 0.14 0.999 76

7. 8. 9. 10 “Ii?fljfkﬂ 0.135 0.999 427 584

EPIEI 0.1667 0.999 71
“ ST E » . .

11 Eiffr]JE 0.12 0.999 452 0.18 0999 69 584
AR Bk 0.207 0.9996
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Table 6 Reliability calculation results

R(0) a0 A A 25 MTTF

R IBGR R 0.999 207 0.000 793 0.475 009 0.475 39 599 18 426.9

“ R BE” 0.999 04 0.000 96 0.555 76 0.556 29 578.917 15747.6
IR 0.998 844 0.001 161 0.657 11 0.657 87 565.986 13 315.7
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