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Fig.1 Topological structure of two-terminal DC

distribution network
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LI P I AR W] R AR 58 22 70 (B A I o

(E 7R3 W (13) AT LRI A -
i ity +At)—i(t,

=%(z0)=—( Az (t) (14)

2% IR 22 5 BT R 2E N, i Z AR
A Y R R M 2R O E R A S AR N -

i i(ty+Ar)=i(z,
b= )= )

o1y, (1) OIS FEL AL 25 M 5 B0 2 10 T
WRZE 50y BRI 20 5 Av= 117 f, 2 2> W i HL
SR A B B TR AT RSS2l A
A T PR P T S P il e L R Y SRS R E R, R
WA AR B2 M) 22 (AR OB RORTE o X
FeC(14) L (15) AT AR GE R 22 93 ARE R 25 AU
R 28 6 ARON JRE mi  BUfel 7 SR R AR A 1 ) 17
DL WAFTE— 58 AR ZE , I 1% 22 2 1 B i e F U
TR/ TR L R 22 2

N T DRAR T IR 22 D R AT R 25 R
P4 00, ) FH — B3 50 14 T s B B o3 B vk i B
I i 1) L U R DD R 38 . OB & A s L i AR
BRI (t0r it0)) (1001 0) ) (120 8(82) ) (13 8 12) )
(tari(e) ) Forf g <1, <ty <ty <, 35 RFE S22 0B

TF1) [F1) o Ay A, il e U ) 4 YR T I A7 L RRI SR

i(e)I]

n=0 tm - tn

k

(15)

m=0,1,--,4 (16)
X (16) 3K — B T80, I HOWE 0=, ARl
i FEL AT A7 (L PRE — B S b, ] 5 e e Ik ) — B

B T B E R
%(Q:ﬁ (—25i(t,)+48i(t,)-36i(t,)+
16i(1,)=-3i(1,))=k (17)

S5 A TR IS 55— B B0 R A AR L )
I £k S P 378 0 T 28 A8 R AIE 3 ok 48 9 s oL 3 0 T
TE T i [ %) D) 4 sk 23 g S BTG i e ROCHG il e o
LR SR R g
22 WRERBSHEFER I

E RS R TS T s /g L e = R TN SN SN
ARREME ) SRR Ao | A PR Ao R A ) D s
AU G RREAR > B SR 220 04 5 2 A SR A (B
FIHT 2 RAAE AR A B IE A A

Vui(k)zzui(ts +j)_zui(ts =) (18)

Forp i RUE A pon i, 200 3R 1E 5 50, o 2 IR
FEIS 2 o D 1 4 e F s 8 B0 A0 T A, B
B 25 Sh A U, B R 2 {H ER T IE W s A7
(14 PP 85 5 AL /0N T e i 4 B vl P A 8 /N
(B A= TEAR A T B Bt I, TR H SR B 9%, S
L B, A Vu,<-U,Vu, <-U,; KAtk
BRI O AR R B WA Ve, > U, Y, >
U5 KA SRR S0 6 5 B i, TE AR PR T B, S i s
BT Vu, <=U,, Vu, > U, T I R £
Jea B , DL o vy BEL 422 b 5 s s P it 1 Ll
P e A LA i B A ) R

3 WEEAMIRE

3.1 WA T B PR TE AL
S A A T PR R B R FH — i E O U 7R
e g (] P BT 2 Ak 2 R B AT 1B T 2R R A5 21
[ IO (= - | <~y P U A I Ry L ST DN
A Rt 3 VR i BEL D)5 BB S 7 i H U 98 T A R
(T NRTI 7 S Sy e N 4 = A B Y
55 A EL A R ] A P 0 R S R R R
FL AL D T 5 A8 -t AT Fl R U0 T A 0 e ) P 1 4
BRI Vo IR D 2% 5 ik Ay R S ) 5 336 A8 i) 27~ 1Y)
2 E 5 R
3 fFE I AR AN | 335 A A0 8 R o5 R e B T 0 i
FIT S P PR, A X6l I J A 25 e 220 183 5 5 X6F
i A
u=i,Ry=1,R,
{ (19)

u=(i, +i,)R;
Forr,dy iy 43 0 S 2 Gt AN 396 0 000 5 B [ B L
CIECE
{Rn =(1+1,/i))R; (20)

Ry =(1+i,/1,)R;



@ L/ AR {7 G-

%4045

johd, nd nd, johd,
L — I

—— -
4 B

(o= i .Rf[]lu i [

M ----

N
e

johd, nd,
T +—1 ¢t

johd, nd

Co= E ' Ry =G,

Mee e~

B5 ARG PR 53 R
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Table 1 Location results of pole-to-ground
short circuit fault
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e /km [/ Q Ak Hk2 k1 Hk2

0 1.0205 1.0112 0.103 0.056
1 10 1.0263 1.0182 0.132 0.091
20 1.0418 1.0201 0.209 0.101

0 4.0250 4.0141 0.125 0.071
4 10 4.0291 4.0162 0.146 0.081
20 4.0352 4.0201 0.176 0.101
0 8.0183 8.0110 0.092 0.055
8 10 8.0200 8.0133 0.100 0.067
20 8.0252 8.0152 0.126 0.076
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20 12.0286 12.0146 0.143 0.073
0 18.026 1 18.0151 0.131 0.076
18 10 18.0287 18.0222 0.144 0.111
20 18.0368 18.028 5 0.184 0.143
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Table 2 Location results of pole-to-pole

short circuit fault
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20 18.0368  18.0147  0.186  0.074
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Fault location method based on slope of transient current waveform for
flexible mid-voltage DC distribution line
LI Zewen',YAN Xunqi',XIAO Renping’, WANG Zikang',MU Lizhi'
(1. The Grid Security Monitoring Technology Engineering Research Center of the Ministry of Education,
Changsha University of Science and Technology,Changsha 410076, China;
2. Jiangmen Power Supply Bureau,Guangdong Power Grid Co.,Ltd.,Jiangmen 529000, China)

Abstract:In order to improve the safe and stable operation capability of MV (Mid-Voltage) DC(Direct Cur-
rent) distribution network, a novel fault location method based on the slope of transient current waveform
for MV DC power distribution lines is proposed. The transient characteristics in the time domain of pole-to-
ground and pole-to-pole faults are analyzed, by which it is found that the tangent slope of the transient
point of the transient current waveform under different fault types is not affected by the form of capacitor
discharge, and the tangent slope of transient current waveform is inversely proportional to the position of
fault. The positive and negative voltage gradients are used to determine the fault type and the fault pole,
and the fault distance can be calculated by using the tangent slope of the transient current waveforms at
both ends of the line for different fault types. The simulative results of PSCAD / EMTDC verify the effec-
tiveness and accuracy of the proposed method, which can accurately locate the fault point under different
fault types,different fault distances and different transition resistances.

Key words:DC distribution network ;fault location;transient current;tangent slope;fault discrimination



Ui

vu <-U

set”

vu >U

set’

vu <-U

set’

5 71 L i e

MR AR d,

Hvu,<-U?

E‘VUH>USEI?

Hvu >U_?

TE AR Hh R
i1

BB M T
i

A

Hp g A R d)]

Al EBEERLRIZE

Fig.Al Flowchart of fault location

KM ERYEEMER (RE20Q, C=160nF)
Table Al Location results of short circuit faults (R=20Q, C,=160nF)

YRR b e XU o
S
S /km b= el FENLG e SENLIR
& /km £1% B /km 1%
1 1.0299 0.118 1.0286 0.143
4 4.0389 0.195 4.0371 0.186
8 8.0278 0.139 8.0332 0.166
12 12.0301 0.151 12.0366 0.183
18 18.0399 0.200 18.0384 0.192

R A2 TEIRMHERTHHFEEMIRE (R=20Q)
TableA2 Fault location errors under different sampling frequencies (R=20Q)

o SENLIRZE %
Wb PR B /km

10kHz 20kHz 40kHz 80kHz
1 0.248 0.134 0.126 0.112
4 0.278 0.161 0.150 0.139
8 0318 0.176 0.152 0.110
12 0.390 0.198 0.172 0.131
18 0.454 0.199 0.175 0.138
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