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A novel frequency band self-adaptive selection method of fault line selection in distribution network

YANG Jianxiang', CHANG Zhongxue?, DOU Minna*, WANG Xiaobo®
(1. Xi’an University of Science and Technology, Xi’an 710054, China;
2. School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In the non-solid earthed network fault line selection, nowadays the frequency band selection method is based
on special frequency band (SFB). However, this method is liable to be influenced by the distribution network operation
type and line parameters. To overcome the disadvantages, a new selection method of frequency band based on matrix
pencil algorithm is proposed. In ungrounded distribution network, the minimum frequency is 0 Hz, in compensated
distribution network, the minimum frequency is 150 Hz. The maximum frequency of frequency band is determined by the
way as follows: first the common frequencies and phases of all line transient zero sequence current are extracted by the
matrix pencil method. Then the maximum frequency that meets a certain relationship is found and the maximum
frequency is the maximum of the frequency band. The simulation on PSCAD and the recording data analysis verify that
the method proposed is effective. The method is hopeful to improve the accuracy of the fault line selection.
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Fig. 1 Zero-sequence network diagram
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Fig. 2 Zero-sequence current vector diagram of fault line
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Fig. 3 Phase-frequency characteristics of line
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Fig. 4 Equivalent network of neutral indirect ground

system when single-phase fault occurs

e ug Dyl g B AR, R AR FELRH,
Upp ~ Uyp ~ Ugp N 1A 2 15, O AR 240 T HL M, i,
b~ o NURHE TR, 2 85, 0 BRI 45 B A FL I
2.2 BT F IR

X0 A L R u,, » AT THE,
[ IS 25 A7 S R ) e B g W A2

M
Uy; =U, cos(3141+60,)+ > e U, cos2nft +6,) (3)
i=1

L i=12 M, FRESHETNMG U, 6,
Fon TGy BITRAEAAN; Uy 0, £+ 8505
FOREAR R IMEA . AL I SRR L

25 W 2R 2 LA PR I A 0, PRV PR 5 S
Ay ARG RT B B BE O 7SR AR ) A oy

o A M P A R R R > B AR IAT L
P i A HonT LLRIR K
i = ie‘é“lk cos2nfit +6,),j=1,2,>sn (4

RE HIURLE S ) B REZR SR [ 2k, WATAE TS
PRSI A 25 HH 2 02 P 0 B4 AL I PR £
RERAARIAN S BRI, & HEARRIAH A
B AR AT ) A 0 B AN AL T A

3 FEMREZXRE

MA@ RTEUE Y, 5 2 2 e Hudi th M A
KR Bty e, @R, Hoal DRI

M
y(kT))=>"Rz}, k=0,1,---,N -1 5)
i=1

A (KT 55k ASTREREZIRE s 2, = e o,
i=1727"'9M3 Zﬁ%*i}%/ﬁﬂz R,%%ZTTTI]EfE; ai%%

INEEIREEL T o WA, o, =2nf, .
S

~
y(0) y(1) y(L-1) ]
v - y() »2 -y ©)
YIN=-L-1) y(N-L) - p(N-2)]
y() »(2) y(L) |
v <| Y@ y(3) y(L+1) ™
y(N=L) y(N-=L+1) - y(N-1)

X NBICRFESEG LARSE, — B
N/3~N/2 BT 3 g kR =

FIRY, . Y, MEAERER Y, - 1Y, , 2, B0 4
Y, - AY, W) SCRRAEAE . DRIE,  SRAR z, ) A
KAR Y, — AY, [ SURFAFAE ) 8, B BISRAR YY1
FRIEE. o v Y, PRI AR RE . SR V'Y, IR%s
AEAELJG 3t nT LS A 5 R IE AR, £

-a,+jo,=Inz, /T, i=12,M (8)
3] 2, MM G TLHER T

1(0) 11 - 17[R

S T
yN=D] [z 27 oz Ry

FHE z, MR, S BI T4 HHWRAEL 4, « AROL 0, « 32
T o, MR @, o



W, 55

Rl A AR £ XY [ A N AR ik

- 63 -

4. =|R)|

0, = arctan(Im(R,)/Re(R,))
a, =—Re(Inz,)/T,

o, =Im(Inz,)/T,

(10)

4 ST RYIREN A

T L H VT [ S S ] » KT T AMZI R G
TR £.=0, XFF 249 9K £ B B R &
£ =150 Hz 200, i 2 SR 4 A 2 Pt i)
K mgh i BRR L B E IS NSRS T5
LI

1) 1z F PR R Sk R B A H 4 22 P 3 114
4y 1 DL RS A g3 B AR

DM A HERILFMES&E f, i=
1,2, N, FEMNBIRHE?, Lo &4 4y & 1A
o

3) REVIE f,(1<k<N) .o f, W IXRERI4A
TEH LR, FE4c i & A A e o3 12 AR —
LI R S A 2 B A S B0 T HE R I A R
Oy R FAAL, EHEBR WO £ IS
S5 PR DUSE R A R AR T R, 5 R
BURA T R, M0 £, A £, Z TR — AR it
S R A — OB BRI A

R TRESEZER, 25 H 3) R FIWAHAT AR R

-90°< 6, -0, <90° (11)
A, 60 0 EILHEBE £. fXNKAA, 6.
6, €[0°,360°]

AR R H AR ) S B 5 fros. BLo° K
S, M EIEN A XIHEYFE R, 247N B X
IR0 B ) o

90°
|
e AKX
|
'
o0°

5 ¥ EEE

Fig. 5 Phase discrimination vector diagram
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Fig. 6 Topological structure of simulation model
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Table 2 Frequency of all lines under the different fault conditions

s F HEAHNL/(2)
S

Re 4 1 2 3 4 5

661.1 124.7 -90.4 106.9 100.8 100.6

1164 114.9 =78.9 106.2 105.0 -86.5

1674 107.5 =72.1 115.0 ~78.6 -83.2

660.8 121.7 -92.0 106.5 979 98.1

50 90 1165 114.9 -78.4 106.6 104.8 -80.6

1673 1159 -68.4 113.6 -98.7 =70.8

661.1 110.2 -101.6 93.5 82.0 83.4

0 30 1164 104.0 =76.2 101.2 104.2 =90
1678 100.8 -80.0 99.4 -98.6 -93.0
658.7 105.8 -102.2 90.6 81.9 88.9
1162.5 104.0 =76.2 101.2 104.2 =-90.5
50 30

1677 103.7 =73.6 102.6 -99.4 -80.6
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