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A new two-terminal fault location method for distribution network based on Stehfest algorithm
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Abstract: This paper proposes a new two-terminal fault location method based on Stehfest algorithm. The method uses
zero-sequence transient information within first half-cycle after a single-phase ground fault occurred in the distribution
network, adopts Prony algorithm to obtain time domain expression of zero-sequence transient information, combines with
zero sequence network and image function of distributed parameter line, takes frequency characteristics of lines’ zero
sequence parameters into account and gets the image function location equation by using the fault feature. Then Stehfest
algorithm is adopted to get location equation’s numerical inversion and search algorithm is used to find the minimum
value of function location equation and obtain the numerical matrix. Last, the method calculates square sums of matrix
row elements and takes the minimum value as the target to determine the fault distance. The accuracy and effectiveness of
the method has been verified by EMTP-ATP simulation experiments.

Key words: distribution network; single phase grounded fault; zero sequence network; image function model; frequency
characteristics; Stehfest algorithm
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Fig. 1 Uniform transmission line equivalent circuit model
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Fig. 3 Numerical calculation of Stehfest algorithm
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Table 1 Residual sum of squares

N 14 16 18 22 32
o 1020.5 150.5 1010.5 2 308.6 15 000.5
V-5

FHUERT I, X5 e S iR BRI ST 5 v
FEHRFERT 2, N=161 [ B AR 3 IR B v HE 5%
27 R /N o BRIIRTEAR SO Srh, S Y Stehfest
HIEPHIN=16,

2.2 NEEKERSEINEF RN EE £

AR — B, B b sitbing, Hs
BOESE, 240 B 1 S M (km) b 2 A AR B b i
Jii s R L AE 2 N 4% TP 5 R B A s
K49 R.

<_
L T L F O N
+ + + +
Ry
Unmo(s) Onro(x,5) Unro(lx,5) Uno(s)
Y

o = = O
«—x—pfe——— Ix —>

4 FFMEREIF B
Fig. 4 Equivalent image function circuit of zero
sequence network

WA N K TIPS A Ros Low
Co( BN L BRI HLT: Go)o  HIZK K W I FRERAT A5 L
A& Prony 532, W15 M 4 Al N I )37 . &
Jr R IR A 3 00 uno(D)~ imo(0)~ uno(t)
ino(1), T TH IS 2L

CASEBR B TC I D) 207 1) B2 T7 0], 45K
(D~ QPGB P M i A3 5 5 F Ak
() 2y L B R A

Uypo (x,8) =
Upio (8)Chy ()X + Zo () gy ()shy (s)x

A LR RE y (9= (R, +5Ly)sC, + BT
Z () =(R, +5L,)/sC, -

B E07) N EE R N R 4 e o (N E9R S YA
e
Uyl —x,5) = s
Uno($)chy (s)(I = x) + Z (s) o (s)shy (s)(I = x) ©®
R 2 i F AR A i, 2 PP 1) 0 A
FUATA,  EHZR M SRR NS A A 2 e s
(025 7 L R 5 R SO S5 (R BB, A B 2k
F(x,8) =Upo(x,5) = Uypo (I = x,5) =0 (6)
B @4). REMRNAI(6), 1T 5 nT 155 2 2
IZIE (7T
m{ U S) + I ()Ze ()] = Uy () + 1y (5)Zc (5) }
Uy (8)+ 1y ()Zo(8) = 7 [U (5) = I (5)Z. ()]
2y(s)

(4)

x(s)=

(7

i, wIRIH] Stehfest S0 A7) HEATHEL IR

AR, VSRR AT Z T W (KRR 8S x(8)»
NITEIEC TSN

=2 300 ®)

Xy n RFE R

KESI R, A RN (T BEAT R AL
e, WHEONEDR, BAAEBCRK B E, T
R BEAN TR, WA SC RN 5 R B0 iy REREA T4 1R



R, 5

HL T Stehfest 532 (191C 9 FPAR- M e X PR vk -79 -

A, BIPEE uno(0)~ ino(0)~ uno(D)~ ino(&) I 5 BR L
FIEALL L (@), KERAK (6) 43 LA W= (9)

P o

(8 + Ty, )SIN Oy, + @y, COSSy,

F(x,s)= o7 (9 {iU (8 + Ty, ) SINQy, + @y, COSPy,
> MOk
k=0

2 2
(s+7y,) +o,

P
+Z.(s)) 1
¢ ; MOk (S+TMk)2+a)Mk2

0 ; 0 ;
/ (5§ + 7y, )sinQy, +wy, COSQ (s + 7y, )sindy, + Wy, coso
ey(s) [2 (rN()k Nk Nk Nk Nk _ ZC(S)§ ]N()k Nk Nk Nk Nk ]}+
k=0

k=0 (S+TNk)2 +ka2

_ z (s + 7y, )sing,,, + @, cos, u (s +1,,)sIn0d,,, +®,,, COSF,
e 7(s)x {ZUMOk Mk Mk Mk Mk ZC(S)ZIMOk Mk Mk Mk Mk
k=0 =0

2 2
(s+7y,) +o,

2 2
(s+7y,) +oy,

)

2 2
(s+7y,) +o,

e S+, )sin @y, +wy, cos 2 S+7Ty,)sindy, + o, cosd
e’ )I[ZUNOk( ni) SIN Py Nk2 (ka+ZC(S)Z]NOk( i) Nk Nk NEJL = ()

pr (s+rNk)2+a)Nk

MY Stehfest SAXS EABEATHL AR, W] o
SEAS BIRAT 55OA 6 I 20 1R IS BE 7 72 foety), RIS
KR ZISRI foe, ) FEAL R T8 A (1 B/ ME, 3D
min fx,5;)= foxiti), BURTAF 3 g 220 0T B ) e b i
B HP R RN 2t K I(km), R KA
Tme 1 x o ATAHIEE 5 R BB SRR Dy

Sn(xst)  fiu(x.8) < Su(xst,)
F_ = le()fzatJ fzz(xzzatz) " fzn()fzatn) (10)
f;ll(xn’tl) f;:Z(xn’tZ) frm(xn’tn)

gi o R EAR, SRIGRA0)H, RFTIC
ST T A s/ MEL BT H s pR £

21

i=1

S (a1

min[X, ,]=min| 4

< 2
2
L i=l _

A (D) IR /N TR AR j AT, RIATf o e
PHES x;(j En)o

ASLLL YIV22-3*185 74 10 kV HL 252k 5k 491,
P EWEHAK N 10 kme RFEEHIZ4E M. N #
Ui P HL S uno()~ uno(?)s ZFHLUL imo(D)~ ino(1)CR
FEARZE 10 kHz, I 1A) A 55 5 1) 10 ms). A A
SCHIRG RS, TR IR L s S AN AR VI
TEOL P i 23 ) B 20 R i (1 227 L. aaaeo(£)
unro(D R ST P L upo(f) RAFAEHWIE 5 B
7No

k=0 (S+TNk)2 +ka2

x10*

L | == wumro(®)
10 e tro(f)
— uo(?)

T R T
PR I5
5 #FE R ESITHEE

Fig. 5 Sampling and calculated values at fault location
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Table 2 Fault location result at different fault points

Xy AR S BRI T M B B R

min 37 /° Ny e/%  mind S xy &/%
2 337.89 2.050 2.50 145.93 1.991 0.45
4 271.15 3.912 2.20 134.87 4.008 0.2
6 288.43 5.928 1.20 137.15 6.007 0.117
8 323.71 8.152 1.90 142.64 8.011 0.1375
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Table 3 Fault location result with different initial phase angle

A B B 2 B IR R

T B S B IR R

=

@/

PR min ) f? X, & 1% min Y f° X & 1%
2 381.15 2.050 2.50 170.44 1.989 0.55
0 4 323.29 3.912 2.20 163.49 4.010 0.25
6 333.45 5.927 1.22 160.51 5.992 0.133
8 390.76 8.152 1.90 175.82 8.013 0.162 5
2 358.65 2.052 2.60 159.13 1.989 0.65
30 4 299.37 3.908 2.30 151.37 4.009 0.225
6 310.21 5.926 1.23 148.33 6.008 0.133
8 365.15 8.150 1.875 160.54 7.987 0.162 5
2 345.12 2.052 2.60 150.98 2.012 0.4
60 4 286.45 3.910 2,25 145.12 3.992 0.2
6 290.52 5.925 1.23 140.61 5.993 0.167
8 349.01 8.152 1.90 152.77 8.012 0.15
2 337.89 2.050 2.50 145.93 1.991 0.45
90 4 271.15 3.912 2.20 134.87 4.008 0.2
6 288.43 5.928 1.20 137.15 6.007 0.117
8 323.71 8.152 1.90 142.64 8.011 0.1375
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Table 4 Fault location result with different earthed neutral modes

A B B 2 B IR

T B R IR R
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#

itk s min Y 7 X, /% min Y £ X /%
2 337.89 2.053 2.65 145.93 1.991 0.45
. 4 271.15 3915 2.125 134.87 4.008 0.2
At
6 288.43 5.926 1.233 137.15 6.007 0.117
8 323.71 8.150 1.875 142.64 8.011 0.1375
2 348.22 2.052 2.60 150.76 2.012 0.6
X 4 285.36 3.910 2,25 143.18 4.010 0.25
22 M L [ 13
6 296.75 5.925 1.23 141.53 6.009 0.15
8 354.68 8.152 1.90 153.91 8.013 0.162 5
2 350.73 2.050 2.50 152.33 2.011 0.55
4 283.14 3.912 2.20 145.54 3.992 0.2
Zp et
6 290.54 5.927 1.22 143.37 5.991 0.15
8 359.19 8.152 1.90 155.22 8.012 0.15
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