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Reliability analysis of digital relay based on intuitionistic trapezoidal fuzzy numbers

GUO Yi, Lii Fei-peng, WANG Gang
(School of Electrical Engineering and Information, Sichuan University, Chengdu 610065, China)

Abstract: The structure and theory of relay protection system in smart substation have changed greatly. How to analyze the reliability
of relay systems objectively and properly is an important problem. The information can be divided into three parts and the topology is
analyzed rationally by minimal path sets algorithm, then the theory of intuitionistic trapezoidal fuzzy numbers is used to analyze and
calculate the fuzzy and uncertain failure probabilities of devices. With the reliability indexes of relay protection system and the
software of model, every minimal path can be analyzed by the decision-making method based on intuitionistic trapezoidal fuzzy

numbers and the weakness of relay system is identified. This method proposed is proved correct and practical by the sample model.
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Fig. 1 Diagram of relay protection system

BT ] LUR A RGUR IIR 2 A OT
ST R, I B/ i 4T I (Mlinimal Path Sets) J5 325 1)
IR ARG it . S TFARRGKIN S, FEXH
i RSEARN TG I BT R R TR BB T 5
DRI T LUK RS I A 5 (R P S TSI B A 5
1l GOOSE R SCAEHR! SV HRSCAA A VH 5 75 224k
MRS A BN RIBOCR AT AR(1).

R, =TI &, (1)
FEEERAMHAARQ).
Rp:l—Iﬁ(L—R) 2)

Arbe Ry WRGEATEEME: RO ITCIFRTSENE: n AT
PR .

W EE RN, PRI AT S AN RE
BACNPTEEMERER, A 2% A /R AR S 2t
it IHssE,  [RITUSRG I — I, 192l
(]SRRI A A W AN B T . AR
gkl A

I FH B/ % 519 HH GOOSE R ST dae /N ARy

L,..: PRl - IT1 - BR;
Ly..: PRl — IT2 - BR;
Ly..: PR2 - IT1 - BR;
L. PR2—IT2 — BR;

goosed*
SV I B/ N AE

L,: MI—MUl-EM1—SW1-EM2— PRI
Lt MI—MU1—-EM3—SW2—EMA4— PRI
& MI—MU2—EMS5—-SW3—EM6—PR2;
& MI—MU2—EM7-SW4—EM8— PR2;
st MI2—MU1— EM1-SW1—EM2—- PRI,
& MI2—MU1—EM3—SW2—EM4— PRI,
L+ MI2—MU2—EMS5—-SW3—EM6— PR2;
& MI2—MU2—EM7—-SW4—EM8— PR2;

hh hh hh hh hh hh hh



w2,

ST B BRSO B By DRl S A - 67 -

2 BRARMATREEITE
2.1 BB EEMBEXREZE

B RH A BRI AW A S, BORIE - 5T
THREAI, T 28 G0 R B RS A 1k sk
RS, AT ST EE R T WIS, AT RE
S ff e PR RN — e DR [P DG 2R, PRI
TROIEC 25 SR b ik N as T AR . BIAR
W) R G IR O R R HA BORIRE AL, A
3 HL R I AT B BATBOMIBE LI . £ 0T BL B,
A SO A4 AT S 9 5 8 ) T B T B )
(Intuitionnistic Trapezoidal Fuzzy Numbers, fij FK
ITEN)KAlA AT

YT HBRRT RGN ST, DRGSR N
i, xF 2RI T Bk B T DU, I
R AL —MUERAE, TafE XA, HAR
FAHPTREAE p1 B pa Z 18], IATRESEAE po B p3 1)
(01< p2< p3< pa)o T HARTCVEM 2 75 A o)
REFT G IX — bR Ths, I RL p RoR il SEPEAE TG
WH SRR, v RoRdeREiE, BLl-uv &R
RO 55 Jess 52
EX21™ 0 A=(a b c diy v),0<u<l,0<v<I,
v+us<l1, 0<a<b<c<d<l, ¥ A NERJEERHIE, I
S J R HOT AR

,uM,anSb

b—a
py =11, b<x<c ()
0 7d) o<y
c—d
R IE R ECH
b_x+v(x_a),anSb
b—a
Vi =19Vs b<x<c 4)
x—c+v(d—x),chgd
d-c
EX 22" B A= (a, b, e, di; o, viVRT A5 = (an,

ba, 2, d; pa, vo) H A ELCBR TR, )
A1+ Ay = (a1t az, bi+ by, c1F ¢, ditdy smin(uy, 1),

max(vy,v,)); (5)
A1~ Ay = (a1~ az b= by, c1= ¢, di~ do; min(uy, ws),
max(vy,v,)); (6)

Ay Ay =(ai *ay by * by, c1*crdy * dy;min(uy, wo),
max(vy,v,)); (7

kedi=(ai kb ke kd k;1-(1-w), v,

(®)
E 23" B4y = (ay, by, 1, di; g, vi)FT Ay = (as, by,
€2, da; o, vo) AP ELBERATEASTRA S, TP BR £ 2
8] ) Hamming #2524

z(/11,/12)=%(|(1+u1 —v)a, —(1+ 1, —v,)a, |+

|(l+:ul_vl)b1_(1+luQ_v2)b2| + 9)
|(1+:ul —vo—(+u, _V2)02|+
|(1+,Ul _V1)d1 _(1+:L’2 _Vz)dzb

2.2 ETHRBMARMMM AR AT EIHTERZE

1) Iz fam/ Mg EEIE W IR G 1 #I4R4h o)
Hr, SRR AR @) RGP RRS R RIAT
B NIEE ERIEE R A RIS, RN
X4 — 3

2) K ELAE AR TR BA R 3 P43 21 ¥ 4 /K
PREEX, FHDE 2.2 Frosmdin T v A
vy R E B SEE S AL

3) MM _ERPII S, BEERAANE S 2.1 13
ARG SRR .
2.3 ERTERMEEMBNERT TEWERKS
73

I REAZ VL 4k HL ORI AR ST L it A R ]
e, DB AR 20 A5 BT VP A, S INx 5
YRR R 2 REA T YR, ASSCRAT ot il 5 2
HEEATVPAR o

1) Jstha kS5 S TR S IR AR, X
DR A VEEA T IS, DRI 2 S0 P e AR
BEBEATUA—ALAREE, DLV BARTE N R IR IR 225
Wi 4k HLORIT R AT 2 B B i) R, RVl Sk
R AT, DRLHARAE SCHRL1 ST R] R AR B VE

p= 4 b, G d, JTRY (10)
' max{dj}’max{dj}’max{dj}’max{dj}’ v

Hrp, Afa, bi, ci, d;; i, Vi)j:’ n N HE G TE AL,
=120, max {d, | S AT EBER BRI d)
J

E(Jﬁ-ij({ﬁ" jzlaza.”:n:pi 732’%”3*%%@5@E%ﬁ3
TERHIEL A; 0

2) % BT A S s ) Bl 2EAT AL Ab B, B
O(4)) *4;» 1330 A" BURBE R IEA R 2 H00,
X RSOGO “ K287 HEN, i



- 68 - CE R R R EEL

iﬂi E:M
0(4)) =(H—)" - (5—)* (1)
Z H; Z H;

e O(A) MR A, B R AL A, 4 e (1B
TR 0 A SRR B 0=0; n APTATIN
ity 2 LRI, j=1.2, .m0

3) 6T AR £ B N A2 0 AL % IR S SR AR
Yy e, R IRATTE X

s = (max(a)), max()) max(c) max(d ;L 0) (12)

KA =12, n ABIEIIANEG oy b s
d'; BN B BORER s s BIOGBEARAY, ST s
1, AERERES 0. R AKX HEEIE 4]
(i=1,2,*+,n)[f] Hamming 7% /(4 ,s).

4) X 4E I Hamming BH 2 THER, BE
BT ) AT 4G 2 g T SRR S, B A, ),
A IR I R 2 i mT SE MR =y o

3 BHSLIR LB

B HEA H i Ak L AR Bt A SR L R, iy L
T, RIAUKEET TR EAISER, A
EERATIAE B VC6.0 gfESEBIL, 4 1 B S BN nl
PRV S

AJLUAHE 220 kV B ReAL f i — B4R LR 7
Zontl, HRGTTZHEIEER R WE 1 s, %K
JCIFI AT SENEAE B S Rt ridett, JFSRAEE
AN IZ TR . SEBIR DK 1 PR,

FIH CA_EZ O 51 0] DA A ST s 4k H
R R G nl SEPELE 0.987 817 £ 0.989 539 2 [a], 1fij
A HELE 0.988 27 31 0.988 908 i), @ E N
0.8, AEREE AN 0.15, HFbal 1558w Eh

x—0.987817
0.0000566
U, =40.8,

0.989539 — x
0.0000787

AR B R sREA
0.840097 —0.85x

0.0000453

v, =10.15,

0.85x —0.840478

0.000063

ML R RR B R ol S, AT SErE TR
FRE— e, R REMRIE TR RS

,0.987817 < x<0.98827
0.98827 < x <0.988908

,0.988909 < x <0.989539

,0.987817 <x <0.98827
0.98827 < x <0.988909

,0.988909 < x <0.989539

I, FTLLBE A Y A7 5 25 1) UG TF RESR R IR D 25
R A
R 1 RFRFETH A EEETEL
Table 1 ITFN of components in relay system
A EEE
a b c d i v

JufF

TS 0.9985  0.9986  0.9988  0.9990 0.9 0.1
MIl 0.9989  0.9991 0.9994  0.9997  0.85 0.1
MI2 0.9990  0.9992  0.9993  0.9995 0.87 0.1
MU1 0.9957  0.9959  0.9960  0.9962 0.80 0.15
MU2  0.9958 09959  0.9961 0.9963  0.82 0.13
EM1 0.9992  0.9993  0.9994  0.9996 0.91 0.05
EM2 0.9991 0.9992  0.9995  0.9998 0.9 0.1
EM3 0.9993  0.9994  0.9995 09997 0.92  0.08
EM4 0.9992  0.9994 09996  0.9998 0.92  0.05
EMS5 0.9994  0.9995  0.9996  0.9997 0.91 0.08
EM6 0.9992  0.9993  0.9995  0.9996  0.90 0.1
EM7 0.9993  0.9994  0.9996  0.9997 0.90  0.08
EMS8 0.9992  0.9993  0.9994 09995 0.93  0.07
SW1 0.9685  0.9693  0.9699  0.9705  0.80 0.1
SwW2 0.9690  0.9695 09700 09705 0.82 0.15
SW3 0.9695  0.9698  0.9700  0.9703  0.84 0.1
SW4 09689 09694  0.9698 09702 0.85 0.15
PR1 0.9984  0.9988  0.9989  0.9990 0.8 0.12
PR2 0.9986  0.9987  0.9988  0.9989 0.82  0.15

IT1 0.9965  0.9968 09970 09972 0.92  0.08

T2 0.9968  0.9970  0.9971 09972 093  0.05

BR 0.9894  0.9896  0.9897 09898 0.82 0.14
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Table 2 ITEN of GOOSE net

GOOSE CIERGAEHEEE)

GOOSEI (0.958659,0.960509,0.962162,0.964011;0.8,0.14)
GOOSE2 (0.959346,0.960995,0.962454,0.964108;0.8,0.14)
GOOSE3 (0.960226,0.961196,0.962454,0.963717;0.82,0.15)
GOOSE4

(0.959535,0.960704,0.96216,0.963521;0.82,0.15)

SV i SCARH ] SEPE ECBORIAL S K gk 3
7No

bR O 4 B TR B £ A SN TE 4
e ST 43 : GOOSE #3017 B AL sk
% n] 5 P . GOOSE3>GOOSE2> GOOSE4>
GOOSEL, SV 35 L4 & % il g : SV3>
SV7> SV2> SV8> SV6> SV1> SV5> SV4,
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Table 3 ITEN of SV net

Y% CIERGAEHEEE)

Svi (0.958659,0.960509,0.962162,0.964011;0.8,0.14)
SV2 (0.959346,0.960995,0.962454,0.964108;0.8,0.14)
Sv3 (0.960226,0.961196,0.962454,0.963717;0.82,0.15)
Sv4 (0.959535,0.960704,0.96216,0.963521;0.82,0.15)
SVs (0.958755,0.960605,0.962066,0.963818:0.8,0.14)
SV6 (0.959442,0.961092,0.962358,0.963915:0.8,0.14)
SV7 (0.960322,0.961293,0.962358,0.963524;0.82,0.15)
Sv8 (0.959632,0.9608,0.962063,0.963328;0.82,0.15)
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