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Fig.1 Schematic diagram of secondary
system in intelligent substation

MMS i SCHLE T BE L i Y RE 12 A VR RE
Pl B A 00 8 {5 R0 5 B A% e) R AR T ik
GOOSE i 3 i 24 il 45 2 AR S5 5, 2
FAEH /W, oy I, Sh AR/ S8 B8/ M B, i
/B AR, SF JRITRRIRARR 5o SMV i
SCAL T T LR SMV

U )R M 2% 38 i MMS/GOOSE S2 85 B AL i,
TTE ] B2 5wl P 2 B A Z A 9 15 B S L, T[] 38
ARG N B3 S (R B 7 W uafy P £ B WA T B AN
PN ARG IR R E M A SMV £ B A
GOOSE i, 7t id FJ2= I [l J= B o 2 18] 19 15 5
ZLH.,

AR B A U R A R T
RELS o i B2 2 A AL A5 . o T U AR L
- HATT 73 391 S RS — YRS L AL SR AR L 11
Ak BT 3675 5 R R 2% i S BXT T e L ) [ O
AT T AUE S BB AL s 1R 2 S ML s B
FE)Z 0 2% 20 W, 753 7 )2 5 18] B )= B4 ) L 3
GOOSE 3¢ S SMV i 3¢,

(] B 2 L A AT PR AP R D PR
TP E AT A E %, R IR e M R
FRGEAE B S T 5, S8 2 R
PSR DIfE

uh PR IR R A RS I R 5L g 5h
AR B | ) 2 £ 90 S o T AR G L PR B e S

WA Bl I R[] 25 AR ST A Ry il YA RN BB
Xt )i J= B e = e S I M 4 5 R A S i, 9 4R
BE) D i P L R i 5 b G B b0 £ A
i
1.2 HEN S ITE

SO TR B BT IS B, B
IBCAT RO B PEAd o DRI, B 4 — N o] %
(7 RS A IR o) B RE L i ol R 2
S ol AR I PR B e B I TR AP AR
GERWTFEXF R, i 3k He 5% R R, ) A 73 i
Tk IR R GER B o

WA B AR I A A BT IR AR G T] D RE AR 5%
IRES S CRNEIF g CME S 87 N =R
GEA TR (JRRFR IR ) B 2R Gl X 2 Gk e ( Tt
ZGE) W52 MR AT RO A O A TSR PF R B 22 )2 LR
BRI R . b, W T 5RZ AR ARl R
figk I IS AL B R 814 23 A1, 2 T 3 5 e AR A
(8RB A A BN TR GE R R Ao

JUGE Py R 5K 1 4 TOUZR Gt B 4% 8 P o o2 Ly
ARG BRI HT SRR SCRRIF @ SRt a] 7,0 =
1,2, ,m) WGEHHor A s8R Fo(0) | W AR Ge ik
B IA] T f) R0 A s F (¢) ATRoR O .

F(t)=P{T'sT,<s--<T, <t} =

[ ] apue) - dbiear () ()

e P IR
DIREMISR T 5 19 2 T0 28 46 e e 5 30 1 e e 2
CECTIRR . HIEPURR A B DI RER G T R
JRHRPE L A R] Ty 10 A5k F (o) SRR 2 2%
SR A] Ty B934 Fy(e) | TR GERK BT[] T 1 2
oA R BT R O
F(t) = P{min(T,,T,) <t} =
1= (1 =F (1)1 =Fy (1)) (2)
W E BAE RS s i, A ST A 7 45
PFEIERRL, A 5| S T0 AR Gtk B, s 5 A AT 351
PRI TE] T, (9 oA e BN F, (1) R a2k
RNFIE] T, 1) S0 A e ECR Fo(0) |, IR G bl b
) 7 F) 2R 50 A PR A AT 7

F(t)=P{T, + T, <t} =J’LJ}‘F1(x)F2(y - x)dxdy

(3)

AT IR IAEG I, R 1 22

Rl RS, TR G il b . & S 2 IR AR 1

RBNE] Ty, T, B 2305 k80N Fi (1), Fo(1)
FRGTHUETR] T /4 2R3 A0 e BT 2R 0

F(t) = P{max(T,,T,) <t} =F (1) F,y (1) (4)



181 IR 45 R REAR MLl IR R GRS URS TPl 2

2 ZRREFERFSBSHMAIT

B NFE A FH B2 47 320 78 v & 3% 0 e P AR
FAMAG G DR ST BRI AE B) T 53t
NI L ) R G R B A A ST R RORE R A R
RGO, AT R AATB AT A T Ny AL
A, W A] 8 S 2 A~ bR B D 2 I A R R R
AU i . B A R T SE O KB R(1) =
P{T =t} A SO TAER ¢ BYZ1E AR R ZL
EZE, T A R A Bt A R A F(r) =
P{T < 1} WIFRIRB) ¢ B 208 25 R M BEE 5 H AR
M, AT DA SR B R A0 AR 2R B R R (1) =
dF (e)/de o k20 1] 35 B 2R 50HE 58 Bl 3 17 B (1] 42 £k
MRHIE , 2 SCBAE R AU R 4K
Pt <T<t+AI|T>1)

)\(t)=£li2”(1) At
1 /_dR(t) i)
rol™"a ) "k (5)

RV £ IR 7 ARSI 20 ¢ )5, B I ) P 2 AR
RATHIREAR o A 7R I3 AT AR 3R 4 B2 RO -

k-1
—(/ )k
) t =0

ﬁ i

f(t,A,k>=[A(A) (6)
0 t<0

LA > 0, HHIZEG k> 0, ARS8,

TR IR A3 AR 2 B R B, T 8 R A B AT R R

JE 531 sR AL AR R oA R BT R

R(t)=e V" (7)
F(r)=1-e"“""' (8)
R, RBCR R BT RN -
kpioy !
=213 )
2.0
— A=1,k=0.5
1.5F —ﬁjiié
§ ' a=1, k=5
7{éil.()
5550.5 F \
——
0 . .

0.5 1.0 1.5 2.0 2.5
fF A /2

B2 BHREXZEERFEERSETUTE
Fig.2 Schematic diagram of Weibull probability density
function curves as shape parameters changes
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Fig.3 The risk estimation fault tree for the
secondary system failure
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Table 1 An example of failure distribution probability
calculation with average rank order method
t/a AA; A, F(t;)
2.917 8 1 1 0.023 026
3.6356 1 2 0.055 921
4.183 6 1 3 0.088 816
4.920 5 1 4 0.121 711
5.350 7 1 5 0.154 605
5.668 5 1 6 0.187 500
5.920 5 1 7 0.220 395
6.347 9 1 8 0.253 290
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Fig.4 Fitting effect of failure probability distribution
function of protection device
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Table 2 Failure probability distribution function
of all kinds of equipment in secondary system
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The equipment failure assessment on the secondary system in smart substation
YANG Qing', ZHU Daohua®
(1. School of Computer Engineering, Nanjing Institute of Technology , Nanjing 211167, China;
2. State Grid Jiangsu Electric Power Co.,Lid. Research Institute,Nanjing 211103, China)

Abstract ; The establishment of failure risk assessment on the secondary system in smart substation can help power gird company
timely arrange maintenance when the failure risk of equipment accumulates to a certain extent, thus effectively preventing
systematic failure. In this paper, a probabilistic failure model is established through Weibull probability distribution function
from a perspective of reliability engineering. According to the type tests and various daily operation statistics of secondary
equipment , the regression equation calculated by the average rank method and least square estimation can obtain the model
parameter estimation. By doing so,the equipment failure model close to the real operation condition can be obtained. Moreover,
the relationship between the failures of the secondary system and a single equipment is established through the fault tree.
Therefore , the risk probability distribution function of top event in secondary system can be calculated quantitatively,,which can
provide auxiliary decision for risk warning and state overhaul. Finally, it is verified by the numerical results that the proposed
secondary equipment failure model can provide a reference for accurate time arrangement for system maintenance.

Keywords : Weibull probability distribution ;reliability parameter estimation ;fault tree analysis ; average rank order method ;least

square estimation ;status maintenance
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