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Fig.1 Amplitude ratios and phase differences between

zero-mode traveling wave frequency components and
reference components under different fault distances
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Fig.2 Amplitude ratios and phase differences between
aerial-mode traveling wave frequency components and
reference components under different fault distances
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Fig.3 Schematic diagram of dual-terminal

transmission line model
MRPEZC (1) AT, p5 M N A 0 A5 B 224 2 A
L RA T B U Sk TR N o, IS A4 1wl (x) FI
u;/q)(x> N

(q)

(q) A —a{Dx  _; ¢
0 -iBla)

ugj’>(x)_— ‘ul(wq) ‘eJ" =2 e ' eJB‘ *

i

(@) (@) | i A" () (Lx) B (L)
u (L-x)=|u(’ |* =2 e T eTP

(2)
SErb [l VR |43 500 6 MRS N A
5 PR 740 8 0 3k 13 5 o 6 40 B 1 W0 0
F163 SR31H 5 MR N A7 Rt o AT
Bk (3 TP R B AL
HUBES (2) , 2 BRI AR 5 0,005 M R
N RIS TR L RT3 0 A5 PR
9 o MRS B 2 SRR W
0 =B 40
o)) =" x+6,
0y =" (L—x)+6,
0y’ ==B;" (L—x) +6;
HUSRS(3) FISRAS A M AN N F R o AT B
S B BRI 22 0
oy -6 = (B." - ) (4)
0 -6y = (8" ") (L-x) (5)
3 (4) 5 (5) B AN

(0) (1)
HM _HM _ X

(3)

60 -6, Lx (6)
R (6) MM EEFR 2 3 L d
. -0
d=""x100%= x100% (7)
L 0(\0) _0&1) +0;f) _0;41)



@ & 0 8 % w it %

EIRLE

3 WREEMEELITE

ASO7 R AR S BUR AR AN 4 Bros , HARSE
Tl ) Ao B A3 5 0 ) RS i B A P TR AT 0
TR A5 R BT A S AR U S R

RHRAR B PR R T 5

[ st 0 R
¥ B
BRIt L AT PV S A

YRR T I

B4 AXFEEGEIZEREZEER
Fig.4 Flowchart of implementation of proposed method
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Fig.5 Fault location errors of different frequency

components under different fault distances
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Table 1 Fault location results with different fault distances,
fault resistances and inception angles

d/% Rp/Q 8p/(°) 640 /rad 0 /rad 6 /rad 6\" /rad e/ %
S, 1.007 0 1.508 9 -1.721 3 1.347 2 1.056 0
45 1.020 0 1.5150 -1.730 7 1.354 9 0.824 4

10 90 1.0212 1.5156 -1.7317 1.3557 0.803 0

13 135 1.0227 1.5163 -1.7328 1.356 5 0.777 3
: O, 1.003 1 1.5054 -1.718 9 1.343 8 1.090 3

200 45 1.016 3 1.5117 -1.728 1 1.351 6 0.856 4

90 1.0175 1.5122 -1.729 0 1.3523 0.834 8

135 1.0189 1.5129 -1.7301 1.353 2 0.808 9

O, 0.658 5 1.5823 -1.796 8 1.254 7 0.760 4

45 0.682'1 1.5880 -1.8430 1.263 1 1.4212

10 90 0.684 3 1.5885 -1.8442 1.2639 1.4639

4 135 0.6869 1.5892 —-1.8455 1.2648 1.5153
o 0.6529 1.5789 -1.7945 1.251 2 0.686 1

200 45 0.676 9 1.5846 -1.8405 1.2596 1.3523

90 0.679 1 1.5851 -1.8417 1.2604 1.3955

135 0.687 1 1.5857 —-1.8430 1.2614 1.4473

o, -0.1894 14301 -1.7320 1.4242 0.089 3

10 45 -0.148 8 1.4369 -1.736 5 1.431 1 0.640 1

90 -0.1450 1.4375 -1.7369 1.4318 0.692 3

34 135 -0.1404 1.4383 —-1.7375 1.4325 0.755 4
d, -0.199 1 1.426 7 -1.732 6 1.4208 0.017 7

200 45 -0.1583 1.4335 -1.7371 1.4278 0.534 6

90 -0.1545 1.4342 -1.7375 1.4284 0.587 0

135 -0.1498 1.4349 -1.7380 1.4292 0.650 3

O, -1.0380 1.4915 -1.3875 1.3620 0.083 8

10 45 -1.0066 1.4978 -1.3721 1.369 4 0.260 2

90 -1.0035 1.4984 -1.3706 1.3701 0.277 4

43 135 -0.9998 1.4991 -1.3976 1.371 0 0.552 3
., -1.0174 14881 -1.3932 1.3586 0.3430

200 45 -1.0160 1.4944 -1.3781 1.366 1 0.224 9

90 -1.0129 1.4950 -1.376 6 1.366 8 0.242 0
135 -1.0092 1.4957 -1.374 8 1.367 6 0.262 7
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Fig.6 Modulus wave front signals at terminal N
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with different synchronization errors
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Table 2 Fault location results with different

synchronous measuring errors

d/% En/ws 0 /rad 65 /rad 6\ /rad 65" /rad  e/%

10 -1.5329 13471 -0.8439 14989 0.1435

55 30 -1.5329 13471 -0.8439 14989 0.1435
50 -1.5329 1.3471 -0.8439 1.4989 0.1435
10 -1.8120 1.1748 -0.4534 1.2906 1.865 1
65 30 -1.8120 1.1748 -0.4534 12906 1.865 1
50 -1.8120 1.1748 -0.4534 12906 1.865 1
10 -1.788 1 1.3872 0.4254 1.4603 0.5812
75 30 -1.7881 1.3872 0.4254 1.4603 0.5812
50 -1.7881 1.3872 0.4254 1.4603 0.5812
10 -1.743 4 12172 1.0638 1.6131 0.6509
85 30 -1.7434 12172 1.0638 1.6131 0.6509
50 -1.7434 12172 1.0638 1.6131 0.6509
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Fig.7 Modulus voltage traveling waves at terminal M and

corresponding signals with white Gaussian noise( SNR =35 dB)
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Single-phase grounding fault location based on phase relation between
multi-modulus traveling waves for transmission line
CHENG Menghan' ,CHU Ning"* LIANG Rui"? ,PENG Nan'”’
(1. School of Electrical and Power Engineering, China University of Mining and Technology , Xuzhou 221116, China;

2. Jiangsu Province Laboratory of Electrical and Automation Engineering for Coal Mining, Xuzhou 221116, China)
Abstract ; In order to make full use of the phase information of initial modulus traveling wave and overcome the error
of traditional initial modulus traveling wave front identification method,a single-phase grounding fault location
method is proposed based on the distortion characteristics and dispersion effect of the modulus traveling wave propa-
gating on the transmission line, which locates single-phase grounding fault by using the phase relation between the
same high-frequency components of initial zero-mode and aerial-mode voltage traveling waves at two-terminal mea-
suring points. The proposed method does not require accurate synchronization at both terminals, nor does it depend
on the arrival time of the modulus traveling waves and wave velocity information. The transmission line model is built
on PSCAD and the simulation is carried out. The simulative results show the effectiveness and reliability of the pro-
posed method.
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