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A power gird fault diagnosis methodbased on Petri net combining the
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Abstract: The fast and accurate diagnosis of fault components is one important precondition to realize the on-line regu-
lation and operation of power grids. For the sake of its understandably modeling and precise logic, the Petri net fault
diagnosis method are widely studied. However, most current methods only consider the digital information rather
than the analogue information, despite that the analogue information is more accurate, fault tolerant and so on.
Thus, a fault diagnosis method of power grid based on Petri net is proposed by considering both the analogue and dig-
ital information. Firstly, the fault current of the components is extracted by Hilbert-Huang transform, and the fault

probability of the components is obtained through fuzzy logic analysis and fuzzy logic Petri net reasoning. Secondly,
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based on the digital information, the Petri net model of the components is established, and the constraint of fault se-

quence information is probed, and the fault probability is obtained by fuzzy reasoning calculation. Finally, D-S evi-

dence theory is utilized to explore the fault probability level to obtain the final failure probability of components. Sev-

eral fault cases of the New England 10 machine 39 bus system are tested. The results show that the method can

quickly diagnose fault components, improve the limitations of the previous single fault source and single diagnosis

method, and hence effectively improve the accuracy and fault tolerance of fault diagnosis.
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Figure 1 Membership function
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Figure 2 Fault recognition framework of

fuzzy logic Petri net

FE3C 1.2 71 45 30 (Y BR8240 17 i 11 (B
LA AR 2 B Petri N AY JE BT ) 06 85 B L &80
R T 2 R A L S e kAR R AR B A
ASTCAF 2 A BB R R RAE RIS R L BE (fre-
quency distortion degree, FDD) Fl fit 1 i & ¥ (en-
ergy distortion degree, EDD) , F%f H4% 2L (3) . (1)
HEAT A — R Ak 38, A S UE R A, S5 7 R — 2B M5 R

fil &



116 W B % oA % R 2022 4F 1 4

Fop

F[)I);: N - (3)
D Fu
j=1
Euy

E[)l):: " I D
ZEI)I)Z
j=1 '

2 FETIF RN Petri MK 12 W

FE G2 W Y 20 AT 6 G 02 Ak L DR B B %
ar s VR B B T S M B P BB Petri M
(temporal fuzzy petri net, TFPN) & X —~+JC
HES Tiopy = (P.T.F.1,0.T, ttg At M),

D=ty sty e st,) R PEIT I HE I 24 B0 R B , 3R
N PR AP ) R E SE N B I 2 1 S AR SE

20t =t st st ) T SE PR SR AR I [A]

3IAL= (At 4 Aty ey Az, N JE BT Y JE I 24 3
AN S HE B R I T B B N E B

DHARITRFIC 1.3 7,
2.1 BERUALEE

FHL XK 25 ) AT sk 6 ST 1 TEE S DR AP T I
(AN [] S A4 B, T A% B8 1) Petri IO AR 760 XF HeL R 25 44
) AR AN EL 8 3 W M S DR ok 3R T T O o 1 I A A
Petri WX 554~ I0 48 £ 37 38 B AU, 3kt e 1 F ) 4 F 1
5 46 i 72 X AR Y R A DG B A ek . AR Y
BT P TG ) AR LIRS A DR AP R ) A
TRA . Y WS & AR AR A, #8 1E R IR AP
W i i O SRR, 0 0] oy

al:]\Tlil (5)
n, .
agzNillg (6)

N GINCOL LRI 3 BRSNS 3o K (e @
M, (N 3 B0 3% o608 Bl 8 AR B BORZ AR 7 A 2%
(R T B B8 B0 501 i 300 M 1B TE TG ORI I 2% B0
YEMER .

FF I m AU BT AR Petri W A48 AR AL Q)
B3 Fim 55 1 2 & AN FE Ty 45 G U8 0 AH Bz 7
FER 2 )2 (P~ P o) & a) PR T, JC S5 bR ) B
S35 3R (P~ P o) it U 2 T, 387 76 i L 26 i
1R 24k FL R 47 L 45 A 0 R I I 8 AR LT A G R
e — 2 Fom el

CBRmt

B3 A THXZ0ar 54 Petri M i@ A 42 A
Figure 3 General model of temporal {uzzy Petri net

based on the remote communication

2.2 HEHESHEFEAR

AR A0k e O AP SR 5 R | A5 AR A R
E L DB I8 4 Sl AV AE AE [ B VR R R], =38 7= A i
2 A5 B 20 53 A0 E — 2 0 L 2 N L O 26 i ) F A B
BeA HHE . B 29 056 R A 45 — T i ] 5124
SR T A B B 25

D) — T[] s 293, G SCER R0 U0 % 2B A I ()
MR T RELIRIEITIIE Z A E N R, T
¢ FUASH S8 B A Sk 3 ) S, B 44 & AR i 20 i i
[ XJE] T ()Rt — Attt +At ],

2) ZICH PR B Ao, o R i B R A e, A
WA A Z W R YK R I A B S d
Bl d,=t,—¢;. B BE AN € B2 Ad RoR
OB () o 2, Rz, Z AR BE B D (2,020 =
(d;—Ad, d;+Ad].

HFF o REf R B O REE o RFEGL W
JFERE 0 RF o WL REM, H—ooHt
(i) 5 RN = G Bsf A1) B 5 %) 1F S [ B P 4 3L AR an R
X,

A ) A P R DR R S @ 1 I RS 2
RGN a ZERFAF o Z (8] 0% B 8] FE B 29 3, 0F 1)
HESRAG BN F A o S AR R A B[R] g3 20 0, S o 1Y



537 BH 1

B LA — Rl A B S R S Y L ) Petri X KRR 12 W7 T % 117

At 8] 45 20 3R hy
T(t,) =T, +D,t,)=[t, +duy —

JANEF ALY st A dy -/ NE AL (D
[ B, Sz ] Bsf 4 B © N2 SR A o T
SARMFEN o A HFH A o Z [ e 2,
) AT B A o S HARDNL BY I ] s 20 0, 4
F18 INF [B] 51 249 3R Hy
T,)=T,) =D, st,)=[t, —du —

SO AL st —d oy + /DG A AL ] (8)

PRI B X A4 AT B i B T 1R AR A8 T G A gk
AT I P A B4 HT o 38 3ok ) T I 45 R 5 il A2 P
LYRIEA R B B R AF B WA R 5 = 12 e
AR, WP BARKBELRIT .

55 1 20 0 5 L DX 45 L DX P 1 T A 2 A
R R BE R ST A

552 5 BRI R ST AR Y
TR IE A FES

55 3 25 XA E S A3 AT I 3 4 A A
FHARAS 14 JF 5tk Sl A e 20 1447 5 1) ) 4 B2, 45 39
W B %z A 1) — T I i) 29 3

B4 L BIF A G R & A — T [A] A
LY, 15 B0 B BR KA 1 — TC I ] SR 2

555 2 R K A A — 0 B ) R 2 SR AT
TE [ B A 3L A5 31 4% P B 0 — ST B[] R 24 0L T
55 RAS B B A5 S8R LR L A6 T A R BT A
BRI X RER.,

F 2 PR A4 A P DR L SRR & A ) %) )
FARY TS A AR T 5 45 PR3 S0 1 s 220 A et i) B
BARNNAd 1,01, 1€ [duw —Ad s d o+ Dd 1y ] =
[10,40],d [t,st, 1€ [dy —Adysdy +Ad, ] =
(260, 340].d[¢,-t.]€[dw—Ad»d,. T Ad, . ]=
[950, 1070, ms., Fhr r AMFELE, FHE m 2+
Ty T bR p BIEE & RY, T AR s B G &R,
T3 Ab 58 SRS AR5 R T L T I 25 3N 4R ) ZE X
64 dl ity 1€ [dr, — Adry s dy, + Ad g, ] =[20,
407, FhR R 7 il & W it #5814 25 AR, T AR b 3R
TN SRR L BT B

2.3 RESHHRE

DJEFWIR AR . H e F N FARLR,
Xof P O A HEAT I 249 SRS A L S B A il L I P 24 3R
KARMEERE BT fRdE & B R Bus 5 PR R
SRIGEARFPE B2 4 0 BT o 0 3 BT 1 400 B A R T T
(B AU Ay 22 56 IBU(EL . BB 2 /e 12 WA B 1) 25 3
FEAT G RS | B % 45 S A Y S L DT 42 e i
BRI T 0 R P . X ) 4 1 R Y TR A L B

a(t,) =k « exp(— (¢, —)?/(2A0)%) D)

PR R A I ] X R S [ — Aty 0+ At ]
BB R A R A I ) S A S HOR R E e
HL ) 2R 48 52 B R A 0 S & AR I TR] G kSR AT R R
B IWIBAE R 0.9,

S AR TR 7 12 1 A P T R G R AR R
PR EEICR A ¢ AEL— At A JIXTAT N L 33
HH SR A B I (1] 507 100 B2 %) B JR] 9 L v, AT A AR e 1Y
B AR AS RO WD IR B EH R 4 00 A
TELe — At e+ At JIX )N, Ut B 30 30 AR e 30
SR R] DR Y AR A 1 00 IR AR B E R D o B
P [ B BROE o (2 D BB/ . A5 L ) R GRS AT X
F 9 52 B AR I TE) S DN Sy R0 e HE TR Dy 0 =
coLa (e )T 0, MR T ARWCEVEMRE SRy FH1F . h
TEMAT BAFTEA 0 E 1 29T =5 4 A i A %
{E 0. 2 fE MM A EARE .

2) 78 3T 1) AR e R 2 B, OB AR R
Hi PR T B A S A DD Rl b R B R . A IR AP
Bl T % e Ik IV 0T R DU Y e — B R
J2E T R BT B i R i B 4 O 0 e A IRALIEL S S 0.5,
H T 42 I T 5 1 45 O 7 R T 6 X R D) 114 52 e A
[] PR bR FHAS (] BB 46 s DA v B 12 T 1R 25
BEPE L ANTEL 3 B, HoRd A SIBRUE D 1.

AT AL N BRI EE L) & R
SAEFNIL 5 2 O Sl AR 10 52 e A 2 A ) MUK 4 IR
B B AN R BT A8 S e A A R AR O 1.
0.95.0. 8581, H AL 1% 1L 15 8 A% A i 11 9N 1) AR R
Yoy 1, MeAh BCE AR R S 0. 2, AR MR
B HE AL RS RS D oTiR sl R R R
AE 5 BIAEAS 6 B B (fuzzy fault degree, FFD), F:X}
FHAT A — A0 AL HE BCIE A 4



118 R

i VN 2 Eite 2022 4 1 A

3 Wit

W2 WA IR 4 Fras, AR ETRITE

DR & A, SR 56 i, ff E 5 F IX 3k, TE Bl
A SRR T AR

2) X ] B T AR BT ) H IR U O B

VMUY HHT 4387 5 $2 HOM B RRAE i 5
TR 2 45 23 BT 1 22 BT 2 B Petri 1Y 90 1R B 1R
BE R T 200 s AR T RIS L A5 30 000 A i e D RE
B

ORI E I AR B T 2 K AL S B AS i
I 24 O R

5) A B2 48 T ¢ & B P A5 2 B 8 E T W R B
{5 B IE T R S RO RS 15 2RO B B

6) 45 i e i U0 —fb Ab B S L TE R A A TR AR A4,
SR DS MR FIEC ST 5 SR 4 55 7T 2K
) A PR A o
B S R G
EEEra

FDD .EDD

U — Ak Ak B
SR
]

4 U EL B RAR

B 1 20 e Fo

W7 e W B |

Figure 4 Process of fault diagnosis
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Figure 5 New England 10 machine 39 bus system
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Table 2 Fault results of New England 10 machine 39 bus system
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