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Fig.1 Partial model of double-circuit lines on same tower
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Fig.3 Cooperative setting of zero-sequence
inverse-time overcurrent protections

W 3 TR, 4 G50 T IR BR o 4 SR
G5 — [ [ A S B 2R LA 4k @ o, P4
B, FRAEE a=— ZutZin  pt gk,

Zao+Zago+ Zipo+ Zpeo

FREF R, SR AP B IR 1 5 8 R iR
S IIm AL, AR A X £ 5 A AR 2k DR 4 Y
BC& , e ZHTMAR S 1 S OR9 8 SR E R | B e 5
H SRR PE IR e o anih 26 b e Pis . T LAGR ST
1 A 6 e TP R (DR3P 8 A3

a. SR K, AR i R ELRCRE 0 T R Bl I
SRR 5 R FE HLR 1, R X (6) RAF R4
5 M BB AVEISTA) o8 A5 S Sl AR A i I5E & ) SE v

b. AP 1 SRS L o Sy LRl — A A,
B gf=e2+ Ar A3 BV ORI 1 BT SHAERS ]

C. tf A SRR A A TR Bl I S X R Y 2l
VESERS , S 1745258 B R 1 B BRAr M it 42 1
SR H R A B T 08 R T, HREN(6) P4,

B o TR B RUAR S A R R AR 1 Y
FTF B (B AT 2 L, L IEF e O R i

BRI 1 SR 5 AW AR ) R SR 1,

A (7)), BIATsR PR S 1 BT B )38 22 R AN Ty,
i 3 EghZe b Fros

T UL R A T IR E R e S Y | 7EAT
fal S50 Bl R R IR B, A B BUEL Y W5 e FE R B 5
HE T Ab 2 A e o R B (G B R A R D 1 A
WA <il, [FFERERAE T 8,

B SR 1 5O 8 Y B B BR e i 2k [
SRAT DLk G b 3 B O T A AR £k B AR T 1R B

H LR Ly B0 Ly N0 A AR SRR B 2 B B K
A BIAESE I, PR B SRS AN B ARIIE, BEAh 52 R
GEZ AR | [R) AT X [0] 2k PN 38 e A ke Bt sf L 3 7
PRI 5 F 6 B9y LU AT BEAH 2 BER, S EUER
FEL I A5 /N DR B ) B AR S I ARt S ) T R Y
BExE Lo IR AR SO B T TR B R AR
PR R BB DR 4P i3 T 58 B ik T 2 7 D R 5 1) Y
[RIFF X 26 PR AP AR 4k S A 7 521120 Horp R AR ZR %
PRAP I 7 S B X [T AT XS 1] £ 4 A0 A 408 25 i 2 7 £
P 3 g R 1 SRS 8 AT XUIE 2k AR 3 A
Ak A T S 4 X TR AR Il 2 W o 2 7 A4, A 3
Ry 5 SR 6 (R 3 M 4 WRIFEE )

3 ERF kBRI FREFIETE

3.1 ETEFERTTEMREATNE LR P HE L83
(V7S

AR T3 58 T A D [) A SO ol 2 D 8 Ok A il R
F i 2 % A i R 3 ) SR B0 B TR, T SRR T
A B e R R BB R R TT  n S R — A
Ul N I — WUInl 28 2 e D SR 1) T A B4 T A R
PR S DRI Y T XS [T £ PRy R i A A A AT
il D e 5 25 S 9 i O A7 LA AR 2k 20 40 1) 7 =R T B
BB

VA 3 Fros R GEh OR3P 3 A5 S 9 56 B[R] AT XL
[ 26 4P A 4k Sh AR LB PR3P 4 5 6 YU 2 2K
WL, 2[RRI 2k v — A% 2 % A 5 e X s DT i
ek S5 AR 2 Ak S b A R AP OR T B B T
FRTT 1) IR S SR i L i 7 ) ST D 1 7 1)
(FRRRZAR 1) B OR 47 2R 0% O 1T 170 ) | A Wl e 2 4
L TT N 3 e B R RS E A A A DX A e - LA 4k
SR T LB YOI , XN RGP Z B AN 4 Bir
AN PR IR g, B F R AR U 5 — (R B )
FRIT 1) PN W48 R AT IR

B I L T @g

[ B T ) %5 T M i
B SRAREL

ty
A Iy — LR A 1B .ﬂ 'ﬁ
R Evup N I
L]

T A e
4 WELFRPBEIHET R
Fig.4 Successive operation scheme of protections
for double-circuit lines
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Table 1 Zero-sequence power directions of
protections during in-zone fault
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Fig.5 Acceleration scheme for protections of
adjacent lines
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Table 2 Parameters of simulation model

527/ IAVAY) 7/ Q 7./ (Q-km™) Zy/ (Q-km™)
EJF 5485 20475° 0.0258+j0.2845 —
ZIF 55,800 50,74° 0.2863+j0.9137 0.0901+j0.2764
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Table 3 Simulative results of protections

W ms o FFEB/KA BISIEH /s (5 ECERT /s
1 4265 1.087 1.096
3 0.404 4.154 —
4 0.445 3.673 —

0.25
5 4,648 1.062 1.067
6 2.130 1.356 1.337
8 2.599 1.264 1.272
1 3.662 1.135 1.141
3 0.303 6912 —
4 0.264 10.257 —
0.52
5 3.340 1.167 1.183
6 3.026 1.203 1.213
8 2.789 1.235 1.237
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Table 4 Simulative results by improved method

[SAE R=2 a PR IERT /s (i FLAET /s
1 1.087 —
5 1.062 1.067

0.25
6 1.356 1.304
8 1.264 —
1 1.135 —
5 1.167 1.172
0.52
6 1.203 1.206
8 1.235 —

ATLLAE W RO S [RIRF RU] 2k %2 A 9 ik
B ISE AR 2P 2R I PR P 1 55 8 YN sl A, P e i 2 i
sk R 5 5 6 shAEVIBR B , (5 #1 sh V| ZE i
JE T LR B BV SR B i e B2 RS
SN RSB (U0 a=0.25 ) i B £ s 7 i A



162 ® 0 8 & iR B

¥£37%

5.6 M B AE SE B A7 7 5 K 22 1) S R 1 I e ) e e
PI B i 3 5 5 MBIl TE a=0.52 B X ELFF XL

o] 28 P B AR P 0 s r B T B, Hoh R 3

5 5 PR AL G E D05 ) HE | s (8) iR,

gu<arg§[I]° <180°-¢ (8)
Hrd 1, U, w5 E P R
K 6 Wiy 3 549 5 TR 6 shERTE Z ¥
RT3 1) B AR AR B

150 [ — (R4 5 V¥ H U L A £ 22

N
<SS 25 DR 3 LR
e VI
o le i~ — — — — — — — — — —
5 _100 L4 e - A
1 2 3
t/s

6 MELBRRIPEFRRBEELE

Fig.6 Phase difference between zero-sequence current
and voltage of protection of faulty line
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Fig.7 Variation of zero-sequence power direction of
protection 1 of adjacent line
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Acceleration scheme of zero-sequence inverse-time overcurrent protection for
double-circuit lines on same tower

ZHANG Zijin',CONG Wei',XTAO Jing’>, FENG Yingchun*, WANG Anning®, WANG Mengxia'

(1. Key Laboratory of Power System Intelligent Dispatch and Control,Ministry of Education,Shandong University,
Ji’nan 250061, China;2. Maintenance Company of State Grid Shandong Electric Power Company,Ji’nan 250118, China;

3. Power Dispatch Control Centre of State Grid Shandong Electric Power Company,Ji’nan 250001, China)
Abstract: The operating characteristics of zero-sequence inverse-time overcurrent protections of the faulty and
adjacent lines during the internal grounding fault of double-circuit lines on same tower are analyzed and
results show that,when the fault location and the system parameters of both sides meet some conditions,the
zero-sequence inverse-time overcurrent protections of the adjacent lines may malfunction and the protection
sensitivities of two ends of the faulty line may mismatch. It is proposed to change the protection TDS(Time
Dial Setting) of adjacent line to avoid the possible malfunction,which ensures the protections of double-
circuit lines function first by increasing the time-delay of the protections of adjacent lines,but also reduces
their sensitivity. Besides,the protections at both sides of faulty line may have quite different operating times,
unfavourable for the rapid fault removal. Therefore,acceleration schemes respectively based on zero-sequence
power direction and zero-sequence current variation are put forward,which ensures the protections of faulty
line function first,either double-circuit lines or adjacent lines. The selectivity and sensitivity of all the
protections are ensured. Simulative results prove the validity of the analytical results and the feasibility of the
proposed acceleration scheme.

Key words: relay protection; double-circuit lines on same tower; zero-sequence inverse-time; overcurrent

protection; acceleration scheme; electric power transmission



