E£33EF4LH
2013 F 4 A

Vol.33 No.4
Apr. 2013

He IR e DR A et it S 50 A e 2oy ik

= K, REA

(RMEIRE B HITRFR, =8 LY 650500)

% 2 & % iR S

Electric Power Automation Equipment

WE., A BRELZAAEMBERUEE A THREAEEZA RETRABRN RS FH LSRR T &k,
ST RAARREHRERG SRR, AR LFEREHRBERET»ANRST HETREIFT A2
RIE LB R & B xR R P R0 5 A MR G AR LW R A KRG 0 EARKE
59555 3k M E LRI KRS 2 F RS RE AFERRF, BLRIGHE S0 IR S 5 F b £45 24 4

VK 6 45 TR 5155 R IMA ML, % F &

LA AR AR K EIRES SHBIA R

B ABAT M I BB UM, A5 AR R BIBE IR R R A,
K. MRS E, MRS, BB RL, LRBEREE, BWEikE

FESES. TM713;,TM 714.3 XERERIAS. A
0 5l

T IR 2 L O 5 A YR SRR S
FEL A LA ) T G U v AL Y A B (AT R
RRER A HLRAR /N A T A IR K [ I A
Mo FL N B B R BB AR Y N R 2
ARk HL OO JE T R 2k B S A SR LR SR R AR R
PSR B G | AL IR AN AR RE T L B B 28 118 AN P iy
5 A BRI 158 28 4] BT PR X -2

R P 8 e B 285 A 5 oA A T I P ) R ol A e
ARSI 7 vk RARRE w5 1 R s HAR 2 Ik e
SO U0 T /N AL 1 B /DN i I D) R R 2 T
TR TR B E 0N (A BB
Sl FEL U BRI A T A2 TR A R R B
DA KA 25 4 S R I K 52 ) B L e R A R, A
7 AR R IR I R Y B o i A R T A A
IR L TT 6 WL R A TR SRR A Tk 5 i
T L BAR AL 64 158 A0 7 1) 69 ) A A AT SE
AW SRS TR AR ST S M R
2 % 2 R DA 280 9 R U LA B AN AR
A RE BB AR | RO R — B 20 i e 2R FL 3 2 AR I
T 171 300 46 ol 75 & T I I 2 5 A0 7 25 R 4 5 1w ) 53
(7735 R o3 b A AR G fig 4 R/ F 3k | 5F
VA 25 JEA [ 1 I L N B0 Pl T B SR AR OC &R iR
A R REATAE B R 1k 1 BE A A A R 2R T I 2
AP T IR 12 M 2R T e A AR i e R AT
B, AT LUK U 2 ) TE AL GE AU S AR B h AN 2 Y

W HE.2012-07-03 ;1 E HH#.2013-02-06
HEELTHEH.BRAAXHAFAL TR A (50977039); = & 4 A
KRALF A F 5K BB (2005F00057)

Project supported by the National Natural Science Foundation
of China(50977039) and the Key Program of Yunnan Province
Natural Science Foundation of China(2005F0005Z)

DOI: 10.3969/j.issn.1006-6047.2013.04.012

BB Y AR 5 AR SO B I e T Rl i
ST L S I A% £k s ik I R I R IR 0 R Y
W ARFIE | T AL EEY B3 £ B

1 E&FE

1.1 EXRFE

2 R E e 7/ s - aa ol % E 79 L3 AL N
e A I T 1) T A5 b L O R A R L R R S
) FEL R R L 2L B F T T T R R i L I 2 AN (]
TR AL ORGe BARAME: 1T Bk AR B i
F RN T H I 0 B v A RS U 0 i, o =z 7 far AN
X PR R 2 AR 2 3 il T AR (A A S R R
RAETE SRR, AR IE 52 4544 T B i D R IIs AL 4t
Ty R B0 T AE E A A BRI IR R D RE R AR
ﬁ$%“2_mo

Wk B Dy R e USSR — M R G AE N — AR T
K G, WERIEAHETEN u, wy ., TN i, 0y .,
AT Clarke B4 7E o0 AR & 45 Bt B HE R AT HE
oA

1 1 1
y \V 2 \V 2 \V 2 »
0 ~ 2 1 _17 _L a
Uy |= 37 2 2 uy,
u U,
’ o V3 V3
2 2 .
1 1 1 (D
; \V 2 \V 2 \V 2 ;
.0 ~ 27 1 _L _]7 .a
A 2 2
1} I,
' 0 NI _NVE
2 2
il ST N A TN S R
P0=u0i0=ﬁo+ﬁo (2)



@ ® 0 8 & iR B

8335

Hh py WIRETEIF IR by BFHA R po R
N,

I 5 O 2 R T - £ 5 B B 30 2 o 3
I T LASM g — A3 4 B — R
- g 43 ik S — ML) Bl B 1% 2 i 1) g
B T 3 ) 61 B 1 R Bt T 5 FE S 1A T ) 2 L
T B BEAL 4 3% 45 B QL BRI £ 8 e Bt 1R 2 20 o
1) Ay o, 5 5 97 A D S 0 B B P T AR M
I K%,

AR B2 M R 5 4 A R B M e 58 (2) T
o o S5 A IR AN 25 3 4, P 1 5 P

R e e R B AT P 1 P 3 43 0

uk(t)zz \% 2 UkVLSin(wllt+¢kﬂ>
n=1
" k=a,b,c (3)
ik(t)zz \% 2 Ianin<wnt+0kn)
n=1

Horb n VS IEREL, @, 0, 73 501 0 FRL AR R AR AL
K X B 43 AL PR A s el b 5 R Gk 200
it(l)ﬁ%%:

U/a(t)zz V 3 U<+>,lsin(w”t+g0(+)n)+
n=1
z \% 3 U(*)nSin(wnt +¢(*)n)

n=1

WH=-S V3 Usin(oiren)t  (4)
;;\/giU@mﬁn(wJ+¢Fm)

uo(t):é V?U<o>zz5in(wrlt+¢<(>>z:)

(D=2 V3 Tsin(@,+00,)+
é V3 I ,sin(w,i+6.,,)

iﬁ(t)z-il V3 Iusin(w,t+6,,)+ (5)

n=

2V 3 I sin(w,t+60,)
n=1

iO(t ) = ; Vv 6 I(O)nSin(wnt + 0(0)/1)

Hor AR 0)  (+) (=) ERREF B AT
i
B2 () A HIRA K (2) rT A5 4R i L Y Bk

Po= Z] 3U w0yl 0008 (@ 0= 00))+
n=

© o

2 ( ; 3U oyl 0nc0s[ (0= @,)t+ @ 0)n— 000 ] ]‘*‘

=1

;LH
3

33

M8

{ - Z} 3U(0)mI(Q)HCOS[ (wm+wn)t+go(o)m+9<0>n] ] (6)

3

m#

Wk i 2 7 D) SR AR I S P A T Y B L
VR A 1 T WA BR A R B vl F AR S 0,
AHFRESH,

1.2 BEHH

IR B2 M 2 Gt A AR A Ml R R N 2R G R Y

AR NE 1 s,

ABC
= — 1
L T
ITyT T
e =
gl I 1°
. = ! : 3
sz L LT T ;
THTeTa 2]
RS
it

B iSRS RS R AERBRS S
Fig.1 Distribution of single-phase grounding
current in resonant earthed system

WAL BT Wi 2R ) e i R A B
M I AT OE X T AR LR % 1, % SRR
5 AE B0 AR R AT

U =—Y 2 U’COS(wt+un+;[7)
V'3

in=V'6 UywC\cos (wt+gou0+ 7;7 )

b U s s A @, N RLERIA A C N
LB | IR Uy AFIF IR @, I F ¥ L
ML,

T AR 1 RN 7 250N

cos (QDu—gDuo— é*ﬂ \)+

pa=uain=U"UwC,
cos(zwl+€0u+¢uo+%ﬂ )] (7)
ESURES 1 WOy o i 5 2 WU AR
X TR 3 T P 4 HL 3 P TR
9 PR FL A S O R AR, B R e,
AR AL AR L RN AE AT ER A AU i A PR, X
RS R B LA

3hm=ﬂwCJh+%%~ﬂwCzUﬁdgz (8)

Horp R OISR R G AR WA R BH | F = AF X b itk
Ui P BEL A0 99 91 2 F 453 4 R BEL 4 15 1L Ry 9 R 2k B A
W HLIER € 5 b HL = G M L 2 O SR % 3 6T
HLZS

3 (8) FE I I v 28 5 AR AR AE e | 7E B0 A B B
.




%48 2k, 5 AR T BRI R 2 R AR 2 M AR P M ok 2 U vk @

v 2 Uol—cos(a)t+gou0)+
\/3 R

V 6 wCsUycos (wt+§0uo+ 757 )+

3=

7”20)CEUOCOS (CUH'GDUO"' gi )+

V'3
7”§a)1—LUocos(Wl+€Duo—gi) (9)

T = Y2 U cos @+t 2 | HOT IS

V3 3

BB 3 BB R
Po3=;*U/U011?COS(€Du—%0+§7 )+

U'UywCscos (GDH—%O— 27 )+

;TU'UO(;)CZCOS(QDM—QDUO—% )+

1 COS(/%L—QDHO— ng )+

1,
3UMbL

1 7y 1 L
?U UOECOS(Zwt'FgDu"'QDuO"' 3 ’)+

U'UywCscos (Zwt+§0u+§0uo+ ng )+

LU,U() 1

cos ( 20t + @+ @0— i )+
3 wl

6

%U’Uowczcos(zwt+¢u+¢u0+ Sg ) (10>

b SR S A T 4 350 B 2 2 3208 14 45
e 4 WO IR

P (7) R (10) AT i 4 2 6 R 5 I 26
W s 2 P D) 3R (0 4 7 3 s RCR A Ry 2 % T (HIX
SAR BB g4 2k B 0E I 2 7 DR IR o e — 1>
ARG5S, TR e 6 I I 2 )7 Tl R 1 4R 3 03
R W 2 MHEE KRG ASFIEE N E S &
I, — s LT OB 2k % v B I ) SRR
Vi o3 iR T A 2R B IR I T T R AIR G A i
I K B I B 2 ) o 2 A IR 3 o i B KA R
R %

G0 A R Tl R B R RS D R T B 2
A, H LS YOk s s o8 T HE 5 UGE IR
FE 3 PR s e /N 2210200 Rt B R I PR R
5 YOE I AN I AT e

T EAR AL, 1, 5 UOE BT A BRI r )
Ry o, h(6) 1,

pois=3Uo L oysc08 (4ot +@ o)~ O ons)—
3U )1 015 cos (6wt +@ )+ 8 0y15) (11)

Hor ,]3015 REHE 1 &5 &tw%ﬁ?ﬁ?%%#ﬁ?ﬁﬁ%,

Tions F1 @ gys 230 LR 1% 1 1Y 5 UG I 5 7 HL 3t M
AL
[ E X TRl Pk i 3,4
Pos=3U 0L opscos (4wt +@ o —05)—

3U 1 035 cos (6wt +@ g, +0)35) (12)
Horr pos HERZERE 3 & 5 OB IR Y U8R o
H Lo)s il 0035 A3 R R LR B 3 S IR I E
HL UL S AR A

SR () A (12) FTAT, TR 2 (8 4 26 #K i
JE IR 2 B T BRI 2 P D)3 4R 5 4 b 8 B
T 4 M 6 IR GRS

WFFEFERA 1 i Ui ) A 5 B rl 2 L A []
T LR I H 3 vh 9 2 1 0 B S I BRI E T, i
AR BETPRY 5 YKL AS By L2 HL IR 0 AT TR 2R
P& S YO I L I AE T T AR 5 U D HL T
ZR, PR AR SR N R R Y D) 3R 4 4%
o 6 1% LHUR G 155 K& WELFEL . X T 50 Hz
A A5 G2k I P A 200 Hz A1 300 Hz X 2
MIRBAR S,

R GRS BRI | 5 S b B A L o)
R F G S, RE NS L B 57 T 2 4%
i o3 B IR AT AR AR B A A DL AT A
H R 2R B

PR R SC b AT AR T R L i A B 42 b AT
SR ey 2 S X A=Y & NGRS R o ]
R KA TR AL BRI Y I R A IR 5 O A R
FR A% 36 S A DTRR Y, % Tl B L B T, R AR
AE 1 728 A R R T B — (g A R B
1.3 HESH

L% A L L P B ) 3 e B ) 2
H i TP A5 L 1R 2 R

B2 BiREMmEHEEKE
Fig.2 Equivalent circuit of single-phase grounding
K Cs N RS = AHXT ML 25 L 0 = AH 2R %
IS T 45 0 S5 (B LR R DA JEFRLBE L R 7y, 20 301 A
TH DI ZL Pl Ay v S A R BEL
DR A S B (W) 7 Ao R R R A M L O
7 285 P A L A R A P P A R AR TR 2 R B )
5oy 75 R AT LSRG S RLR iy 4
la=ic+i =kocos(wl+0c)+kee™ " cos(wel+60)—
ke —kycos (wt+6,) (13)



@ ® 0 8 & iR B

8335

¥¥43J1=f?,fa=%£c,am=\/4éc _R? /(2L , MIpi
L

B RZE ko ke ko Jon FUAADL 00 00,60, H1 55 (8 R B
Sy L R AR, DR E

A 2 (13) AT D e s 2 % 4 b H B 2 1 [
BRI FRAS T8 kocos(wi+00)—kpcos(wi+6;,) .
1 W H BIRG 9E kee ™ cos(wet +0:) F1 1A
I ke,

P T8 e P D R R e M I, X Y
W I 27 ) 4y
P63=K1005(90(0)—9c1)—K4COS(€0<0>—0L1)+

Kicos 2wt +@ )+ 0c)—Kicos (2wt + @)+ 0,)+

b1
Kyecos| (0+wc)t+ @0+ 00+ EN +

Kye'"cos[ (w—we)t+@o— 00—

Kse " "cos(wt+@ ) (14)
Hh K, K, Ky Ky BT R AL

b SR AT 2 TR sy IS S5 R iR
o, ERG S EPA 2 A THARGES 214
H A R AR 9 05 5 DA SR I T4 &, BT H
F PR 7 431 % A ARl — % A 300~3 000 Hz, T LA Lz
B9 0 H IR S AR R 2 15 5 i HL R IR TR

X LR ) D6 T I A Je — 0 R g 1 T
WOT R Ke ™ Meos (b +@ ) o 1% 72 HITH LR Bl 7 2F
1) BT A5 LI 0 s B W B R P T R e, i 4
LM PR ZEE NS ER w30z B IR,
A BRI 2 7 TR g A s AN AEAR 55 0 3 T
WHRGE S,

DRI T F 33 4% 26 3 W B 28 T SR O A 1 T 40 4R
Tife o WA K R i 2 %

2 ‘RKEZE

2 8 B R L ) A 22 B R R R S Y A 2
P AR SCR 3 T H B 7 R E A8,

SR A 5 2R B 1 Bk B 2 ) FEL I R R B R R
TR R 22 77 T 3 A5 3] 45 26 B R B 22 )7 D) R % E |
WA B | 0 IS B0 T A 2 %5 4 158 6 1% T4
G HIRB RGN AR S L K AR |
1) 25 T 23R T R M 30 £ %) o A AR A R S —
AARBIAE , T HR s 2 BN G B RE Y B A R AE hy
3.5% 38 N 0.5%~1.5% , 8B /N I EE X 0 T HL 4
JEZ IR A 53 A 2 HL R BE AR IR B AR AL AT A
10 %, PR35 N Pk 0] BEAF 76 1 AN STl gl 4 | v]
B BEMTEF R 1~3 kW Z (8], R4 S K f
VRSS2 3 s ) S 2598 2 e i R AN R 2o
3.0 pouP, WO R R A R I B T B B
¥ T 2R e KAB/INF B «, - FLE R 5 -5 R m 9 He

E/NT 5 DR Ry B 2R 75 ) 49 1)k 1 I s 25 ) 7
Iy Zrh B T 2 F%5 TR 4 % (3 6 £i%) THalm 3
A de KAE AR 2 Hh — 0K T 55 AN I 2 R
125 B H T B R B AN AR R He A HE AT R A
W J5 PR A e | 5 23R A5 22 B0 0 2RI by A e £
% BRI LIE 3,

W 2% 28 B% R H R ZK e
JFE Clarke 224t

v
| WA 5 T FIE AT FET |

[ 50 Hy 5t KA ponecs |
[

P omax(50) < 5']

;Jﬁ]% X P Omax(50) pre
v
BTG 2 THUE S | | 4% (88 6 fiF) T4
A 3 AN K AH T 3 AR ORAE | | 5500 3 ol
Poi~Poj~Pok Poi~Pom~Pon Pou~Pov~P o
I [
‘PO,“>‘P@‘+ P0u‘>‘1)on‘+

‘[’0}.‘ ? ‘I’Uu,‘ ?

TR E N R |

B3 #Eg&EERER
Fig.3 Flowchart of faulty line detection algorithm
R T IEFE T W e )2 LR 55 001 1Y A
RIS 25 1 A bR, 5 T SRS R |
ANV U LA S R AS T, R 2 L

3 FEWIE

MATLAB 1 HAE AL UNE 4 iR, R G WEi4k
RA A 74, Hrp 3 2004k 3 sk 1 4
L, RELSHR =0.175 O/km, L, =1.212
mH/km,C,=0.01 wF/km,R,=0.284 Q/km,L,=4.236
mH/km, C,=0.006 wF/km, HAIZ%.R,=0.075 Q/km,
L,=0.254 mH/km,C,=0.318 wF/km,R,=0.102 Q/km,
Ly=0.892 mH/km, C,=0.212 pF/km, TG —HK Z =
400+j20 Q/km, FRGRH 7 BIAS 45 H2 1 R4k Rl £z
M R & AR ZR 0.02 s, {5 ELRFTE] 0.08 s, SRFESR
% 10 kHz.,

TG, BRSO R AR 7 IR 2R S km AL, KL
B AR 300, L PR 200 O, RGE S S Wik, ek




%48 2k, 5 AR T BRI R 2 R AR 2 M AR P M ok 2 U vk @

B (B 1) BRI TP DR e MRS Q018 5 F FF IIRAAAE 50 Hy TSRS (LA ;M
K6 s, SR 1, BRI e DR B il HAR LR BRI R 4 AR 6 A TR & 15

el 7 AnlE 8 FiR B ISR RS L,
FLH B 6 Rl 8 ANHET | ik i £k % 1 1 Ik ANTE RS AN [a) B o7 & AN [m] 2o 9 L B AS ]
orv | 1 1skmmms WA TR AR IT S B G DL T 3 T B TS 5 1
L e ! B BE A AN 1 TR, KD, MEE R A
HOK L e 2 3 9 PR BEL X Ay R B
}—@7 I, 43km B4 SLE R REBEEMBEESER
2.2 km H4i%k i‘li: Tab.1 Result of primary faulty line selection
il = Y= ) N
pEEIE b 12lm BAR BU1 6 ZE} fﬁ‘? %H}:z/ 1, &ﬁlfiéflﬁffﬁl?v/iw 1, Z}ﬁjﬁ

L 67 km KRR 2 9=10°, 50 8 0 0 0 0 0 0 I©Eff
" R=1Q, 100 44 124 072 136 69 38 6 L
X=3km 300 25 0.06 0.05 0.96 0.49 0.28 0.4 iFif
6=40°, 50 82 0 0 004 0.02 0.01 0.02 F#f
= = R=100Q, 100 9.6 1.3 075 145 7.5 4.1 64 Ffi
B4 (pEER X=3km 300 5.1 0.1 006 1.2 0.6 035 0.5 iEff
9=25°, 50 0 0 67 0 01 01 0 IFif
R=150Q, 100 1.9 125 67 14 73 39 62 Hi#
X=4km 300 047 031 7.1 35 18 1.0 15 iEif
9=50°, 50 01 0 7 05 02 0.1 03 i
R=100Q, 100 2 13 92 15 7.5 41 65 Hii#
X=4km 300 036 025 10 27 14 07 L1 iF#f

=
e
N

R L

Fig.4 Simulation model

0 0.02 0.04 0.06 0.08 6=15°, 50 0 005 0 05 03 0.1 55 IE#
/s R=200Q, 100 1.9 12 075 14 72 39 11 IE#
R N X=5km 300 03 02 013 23 12 07 3.7 IE#

Es BEeLBRNEFNERER 1, =

#=150°, 50 0 O O 03 02 0.1 93 IEff
R=100Q, 100 1.8 12 07 13 7 38 15 1E#
X=5km 300 05 03 02 35 18 09 10 IE#0
1.4 50 0.05 0.03 002 04 02 0.1 03 IEH

Fig.5 Waveform of instantaneous zero-sequence
power of healthy line

5 Lk nggoé 100 1.9 13 075 145 7.5 41 65 IEH
g 07 300 005 003 002 03 02 0.1 05 iEf
juiz:N
0 B A FEBULRCRERS R 71 e 2 e B
f/Ha KPR EERILF 2, 7T UL | R 525 I 0 AN ) 2 %
6 (e RN E R I R E R b R R AT A IR A
Fig.6 Spectrum of instantaneous zero-sequence x) RRE\EHREER
power of healthy line Tabh.2 Result of final selection by majority
60 decision system
% Wl B B WRERT %
g 0 &M RE S0Hz 100Hz 300Hz L L, L L L 1o L &R
= " 0=10°,
0 0.02 0.04 0.06 0.08 I, R=1Q, N L 1 30000 0 0 IEHM
t/s X=3 km
P BB B T o=
B 7 SmERBNIFENEBE L R=150Q, 1, L, L, 002100 0iE#
Fig.7 Waveform of instantaneous zero-sequence X=4 km
power of faulty line 9=150°
12 I, R=100Q, 1, I; L 000000 3 IEH
5 X=5km
6 _20°
o o 0=30%, o
o E Z ik
go ﬁistoﬂ 3= 000000 O IEH
100 200 300 400 500 .
f/Hz 4 HiFEBENMESHT
B 8 i FE Lk iR B A 2 F I R
) 4.1 FRINEE

Fig.8 Spectrum of instantaneous zero-sequence

power of faulty line oy VB2 I 22 Ot L I A LM 5L B F I



(70) ® 0 8 & iR B

8335

— AN 45T i g A R AR A S — A
B AR 22231 A S i R ST G £ B A S
E‘Jﬁfk’i‘}iﬂ““'mﬁ;ap%ﬁp%%:ui,u:l);—zio Hr o,

B K FEL i IR p R HLITEAE 0 B
LR R R BER EAT 5 L BB 2 1, 1 5 km
Kb S e BAAR HL DI e e EL S S U I | B2k &5
RILFE 3,

x3 BISEERSER
Tab.3 Result of faulty line selection for
arc grounding

Hops o iR, WE 2 DR T S5 /kW L3
wes H2 oL L, L L, HR
50 0.01 0.03 002 03 02 0.1 42 IE#
6=15° 100 1.8 12 0.7 13 7 38 35 IE
300 02 0.13 008 15 08 04 19 IEM
50 0 0 0 02 0.1 005 38 IE#H
6=30° 100 1.8 12 0.7 138 7 3.7 35 IEM
300 02 0.1 006 12 065 03 19 IEHf
50 001 0.1 0.04 1 0.5 03 23 IEMf
6=60° 100 19 13 075 145 75 4 35 IEH
300 0.1 005 003 06 04 03 20 IEH

MFR 3 AT UL AR SCR I A 14 7 X0 KA
SN2 b 55 ] SIE I AE B BE 2K
42 BHEHTFIK

BB WL 1, 76 5 km A0 & AE BRORH 422 M BB | &R
GrEMBENL TP (FWE L 10 dB, S 245 1 WL
# 4,

x4 ETHESHEEER
Tab.4 Result of faulty line selection
for signal with interference

s BiR, WA 25 IR TS 5 /kW 235
N Hz 1, 1, I3 1y s l l; RS

50 0 0 0 05 02 01 25 IE#

Rf;go’ﬂ 100 1.8 125 072 14 7.1 37 82 IiFHi

300 055 035 02 04 21 1.1 44 IEH

00° 50 01 01 0 13 07 04 15 IE#

0=100% 100 18 12 07 13 7 38 85 i
R=2500Q

300 02 02 01 25 1.1 06 46 1L

-165° 50 0 0 0 03 02 0 12 IE#

ResoqQ 100 18 12 07 14 7 39 I8 i i

300 04 03 018 35 1.8 1 19 IEH

PLEWFRE R B TR & T
155 I [R5 W 7 308 1 il B 2 i

5 BHBREWIE

AR HL Y 10 KV BFCR H B REZ 5y B 55
PRk Sl 8 B AR B Uk A 4 b i B 1 B T
FEL R R P L G0 Sie D HT 2 DL L 9, ARIE S B Syt i i
EAT 4% 2R B WIS 22 7 D) R 3R I 43 50 Hz . 100
Hz F1 300 Hz JLANFRAES0 R B PR35 43 5 UL 36 5,

10KV I f
063 2k
071 % A
073 %k

075 £k
077 £
081 £&
083

085 £k

9 MiFHRIKEE

Fig.9 Field wave records

x5 BIEMEZFINE
Tab.5 Instantaneous zero-sequence power
of characteristic frequency

A = VA
063 071 073 075 077 081 083 085
50 04 05 58 20 45 26 04 60
100 25 01 42 88 19 91 20 22
300 03 01 10 07 1.6 07 02 21

¢ 5 AR AN SCHE H B B8 915 | 35k ) il e £k
B2 073 |2k, 5L FRtkid—2,

6 4&iE

TR R 58 A A R e R BRI SO L
B A N R P g AR IE SRR
Wi I 2 2 R ) L i 3t A R £ 5 AR R AE
YRR A A I IR B AR R 2 B R ) R R
oy W AN TRl i 25 HE B B AR v o
RE VA5 5 T LB G H BB R B 205 1 TS
HEANL, BE % R R A B BRIl | S S A b AR
BT Z A 5AN BIe A Ry AT 5%
BB UE R W% T LA

SE .

(1] dEHEER ARk, At 45, )N IS A5 00 00 0 4% 2 b, 2% 00 i o
L)) P EBHL TR ,2008,28(16) :59-64.
SHU Hongchun,PENG Shixin,LI Bin,et al. A new approach to
detect fault line in resonant earthed system using simulation
after test[J]. Proceedings of the CSEE,2008,28(16):59-64.

(2] Wb AR ALK, A0t 45, S 15 o Il 0 1 T 4R e b R
e e 2 S5 B T ik ()], M AR 244 ,2008,23(10) : 106-113.
SHU Hongchun,PENG  Shixin,LI Bin,et al. Simulation after

detecting fault line in resonant earthed system through zero

B /He,

sequence current motivation[]J]. Transactions of China Electro-
technical Society,2008,23(10):106-113.

O SR, R A A 0 TC P TN B g e 3 £ T
B(0). AR A A AR IR, 2006,30(3) : 135-143.
WANG Yansong,ZHANG Mengmeng. A novel method of fault

—
(98]
s

line selection by transient component for single-phase to ground
fault in distribution networks[J]. Journal of China University of
Petroleum ; Edition of Natural Sciences,2006,30(3):135-143.

(4] BB BRITR, He T )7 BRI D2 b 4R 3 s (J]. il 5103k,
2010,47(535) :24-29.



%48 2k, 5 AR T BRI R 2 R AR 2 M AR P M ok 2 U vk m

CHENG Lu,CHEN Qiaofu. A new fault-line-selection method
based on zero sequence instantaneous power[J]. Electrical Mea-
surement & Instrumentation,2010,47(535):24-29.

[S]ARTE, BUMER 4400, B SR Ak MR 2R )], a1 A ik,
2004,24(3):75-78.

ZHU Dan,JIA Yajun,CAl Xu. Transient energy to detect single-
phase earthing fault[J]. Electric Power Automation Equipment,
2004,24(3):75-78.

(6] HULAE XA, FoM 45, IR M vl o0 i e 7 25 fE it 38 7 B 2%

BT[] WO RS A K, 2006,30(11) :72-76.
SHU Hongchun,LIU Juan,WANG Chao,et al. Adaptive method
for fault circuit selection in arc suppression coils system by
using transient energy[J]. Automation of Electric Power Systems,
2006,30(11):72-76.

(7] AU, BCHL R4 SRR (M), db st ML Tl i AkE 2008 .
23-29.

[8] WATANABE E,STEPHAN R. New concepts of instantaneous
active and reactive powers in electrical systems with generic loads
[J]. IEEE Transactions on Power Delivery,1993,8(2):697-703.

[9] AREDES M,WATANABE E. New control algorithms for series
and shunt three phase four wire active power filters[]J]. IEEE
Trans on Power Delivery,1995,10(3):1649-1656.

T107 KAk KT BRI, P 2 S p—g—0 P O

FE[)]. dkFLER,2006,34(20) :53-56.

ZHANG  Jindou,ZHANG Yong,CHENG Xingong. Three-phase

four-wire system harmonics detection by the p-g-0 method [J].

Relay,2006,34(20) :53-56.

UM, R IR =R Ok A e R 6 D) R A U

HPIEBEAR[) ], B THORAGR 2001 (4) 1 144,

ZHUO Fang,WANG Yue,WANG Zhaoan. Instantaneous reactive

[11

[

power and active power filter in three-phase four-wire system
[J]. Electrotechnical Journal,2001(4):1-4.
[12] S PhoCH. =R L B Dy 30 I G 14 i e e TC D) Ty 6 114 432
[J]. P EBYLTEM,2003,23(10) :63-66.
WANG Maohai,SUN  Yuanzhang. Analysis of power pheno-
menon and classification of reactive power in three-phase
circuit[J]. Proceedings of the CSEE,2003,23(10):63-66.
GHASSEMI F. New concept in AC power theory[J]. IEE Pro-
ceedings, Part C,2000,147(6):417-424.
[14] WU X,PANDA S. Analysis of the instantaneous power flow for

[13

[

three-phase  PWM  Boost rectifier under unbalanced supply
voltage conditions[J]. IEEE Transactions on Power Electronics,
2008,23(4):1676-1691.

[15] AKAGI H,KANAZAWA Y,NABAE A. Generalized theory of
the instantaneous reactive power in three-phase circuits[C] //
IPEC’83-International Power Electronics Conference. Tokyo,
Japan:[s.n.],1983:1375-1386.

[16] KIM H,AKAGI H. The instantaneous power theory based on

[}

mapping matrices in three-phase four-wire systems[C] //Power
Conversion Conference. Nagaoka,Japan:[s.n.],1997:360-366.
[17] WATANABE E,AKAGI H,AREDE M. Instantaneous p-q power

theory for compensating nonsinusoidal systems[C] //9th Inter-
national School on Nonsinusoidal Currents and Compensation.
Lagow , Poland : [ s.n.],2008: 1-10.

[18] DEPENBROCK M,STAUDE V,WREDE H. A theoretical in-

[}

vestigation of original and modified instantaneous power theory
applied to four-wire systems[J]. IEEE Transactions on Industry
Applications,2003,39(4) :1160-1168.

SR EMET . B RGOR IR (M. dE R, T E R
#,2000:81-82,157-158.

FERS A AR, b SR AT RO L AR G o 1 2k R 4 B
[J]. AR5 A ,2004,28(14):1-5.

QI Zheng,YANG Yihan. Analysis of technology of fault line

[19

—

—
[\
(=]

[}

selection for single-phase-to-earth faults in neutral point non-
effectively grounded system[J]. Automation of Electric Power
Systems,2004,28(14) . 1-5.

BNV 10 kY RGO i R i fy BT[]
J1A L% ,2010,30(9) . 75-76.

XIA Xiaofei,XU Fei. Simulative calculation of 10 kV network

[21

[

single-phase grounding overvoltage[J]. Electric Power Automation
Equipment,2010,30(9) :75-76.
[22] UL WA FORE R A I s R 0 e oI R 3y 5 37
o v e (7], b B ALBL AR 2440, 2000,20(11) :25-35.
SHU Hongchun,SI Dajun,GE  Yaozhong,et al. A new time-
domain method for locating arc fault in EHV transmission line
using one terminal data[J]. Proceedings of the CSEE,2000,20
(11):25-35.
B RO A5, BTG N LIRS SRR R ST [ ], R A AL T
T4l ,2006,26(21) :177-182.
HE Bo,LIN Hui,FU Qiang. Dynamic characters exploring of

—
3]
(98]

[

flashover arc for AC contaminated insulators[]J]. Proceedings of
the CSEE,2006,26(21):177-182.
[24] BT Wi, 4535, ST MATLAB M AR 50 [T ], L))
FG LA S k% ,2005,17(5) :64-71.
HUANG  Shaoping, YANG Qing,LI Jing. Simulation of arc
models based on MATLAB[J]. Proceedings of the CSU-EPSA,
2005,17(5) :64-71.
TAOC R L T MATLAB B9 5 Ui AL IO Bl AL A
RS EC[T). w R HR | 2008,34(5):973-977.
WANG  Yufei, PAN Yanxia,JIANG Jianguo. Stochastic model
of AC electric arc furnace based on MATLAB[J]. High Voltage

—
N
W

[}

Engineering,2008,34(5) :973-977.

EE R,
£ 3K (1965-),8 W Z&A HEHEL L HiLF @
AW A1 & gk 2 AR P (E-mail : kmlb@vip.sina.com ) ;
RBEA(1961-), % T AP mA Hix HEMALET
0L E R R T e A AR LR S HERIE KFE
SAEEIF BN B A FR L% CTI 4 K5 (E-mail :kmshc@sina.
com)

(T4 % 94 W continued on page 94)



94] R R %33 %

[14] B PE AR XN, dL 2% 20T M ], Jb a0 AUAR Tl iR [19] E4Er. RALL B HLAL IR &% A8 S 3 A S5 4k d (R 97 (M. b
#t,1993.23-25. I L g R 2006 :37-42.

[15] 7R8% SAEE  BRK. ST ATP iz & A s B REF ()]
WD A B ,2009,29(2) : 145-148.
SU Sheng,ZENG Xiangjun,MU Daqing. Automated electromag-

EE T .
KOA(1978-), B W IRLA  TRF Wi BN

netic transient simulation using ATP[J]. Electric Power Auto-

mation Equipment,2009,29(2) ; 145-148. FHAMELE FR LA HE S @R LA (E-mail:
[16] 444, WRAARIT L [M]. V8%, 75 % 7 RBHE K27 R zhangjiel @teg.cn ) ;
#t,2001.78-82. EEE(1975-), 8  HdEERA BALRF Wi

[17] BASTARD P,BERTRAND P,MEUNIER M. A transformer model

TNFERGFE H BT ARG @G H A LA (E-mail :
for winding fault studies[J]. IEEE Trans on Power Delivery,

1994,9(2) :690-699. wangwa@teg.cn);
(18] T 4ife. /< 4% 4 Ak Ry GO S BT (M. 2 M. Jbst. oh LA (1975-), %, A A A, TRIF £ 2K FFM®
g th Akt 2002 5-12. TR B 77 8 89 AT 50 L AF (E-mail ; mayq@teg.cn) .

Converter transformer modeling based on additive process
and short circuit fault calculation
ZHANG Jie, WANG Weian,MA Yaqing, TANG Jianzhao,REN Tao
(CSR Research Institute of Electricity Technology & Materials Engineering,Zhuzhou 412001, China)

Abstract: A digraph of coupled circuit is made for converter transformer,where the transformer is regarded
as an electric network containing coupled branches,and based on which,the additive process is applied to
directly build the equations of electric network containing coupled branches and the mathematical models of
converter transformer in normal condition are thus obtained. For calculating its typical internal and external
faults,the mathematical models of converter transformer in the condition of interior fault are obtained by
amending the correlative contribution of branches according to the change of nodes and branches. Actual
examples validate the correctness of the method of mathematical modeling and fault calculation,which needs
less computer memory and has higher computational efficiency,accuracy and versatility. It is suitable for the
mathematical modeling of complex multi-winding transformer in normal and interior fault conditions and the
calculation of arbitrary internal and external faults.

Key words: converter transformer; mathematical models; short circuit fault; electric network analysis;
additive process; coupled circuit
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Faulty line detection based on instantaneous zero-sequence power
for resonant earthed system

LI Bin,SHU Hongchun
(Faculty of Electric Power Engineering, Kunming University of Science and Technology,Kunming 650500, China)

Abstract: A composite method of faulty line selection using instantaneous zero-sequence power is proposed
for the single-phase-to-ground fault of resonant earthed system,and its steady-state and transient charac-
teristics are analyzed based on the instantaneous power theory. The fault signals after coordinate
transformation are used to calculate the instantaneous zero-sequence power of faulty circuit,which is then
decomposed to extract its oscillating components. Because the oscillating components of faulty line are
different from those of healthy lines,the oscillating components with one,two,four and six times of
elementary frequency are picked out and comprehensively analyzed to detect the faulty line. This method
integrates the transient and steady-state characteristics of fault and includes the harmonic signals. With clear
physical meaning,it adopts multiple complementary criteria and avoids the phase analysis. Its validity is
verified by simulation and field test.

Key words: instantaneous zero-sequence power; frequency characteristic; resonant earthed system; single-

phase-to-ground fault; faulty line detection
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