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Fig.1 Body structure of TCT shunt reactor
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Fig.2 Zero-sequence equivalent circuit of
control winding inter-turn fault
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Fig.3 Voltage and current waveforms during
50% inter-turn fault of phase-A control
winding, with 40% capacity
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Fig.4 Zero-sequence equivalent circuit of
out-zone asymmetric grounding fault
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Fig.5 Grid-side zero-sequence voltage during out-zone
phase-A grounding fault,with 40% capacity
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Fig.6 Current waveforms during capacity adjustment

Oh B b AR A A Y A b DR AR Bl TR e



® ® 0 8 & iR B

¥£37%

Jogt I 1] i o 7 0 DR 4P 9 RBHRE ) 80 3 ok
P BB E T ik W A s AT O AU SR R E
(0 RAC T BRI PR AP EME L, R PR TEH AR T AR
BRI AN L VB PRAE DRI 1) SR U 5 15 1)
5 AR GO R A A T A B TR) R RE R Y
AR BRI PR AP IR B 22— SE IS P A
YN B R B PR AR T Bl
POEAA L, % MR 2 5080 T N AMESR AL
8 B KA P RS T B PR AP 5 A ] 42 i I3
o A A R A I R R R R E

2 EHEABERIPTRREEET X

LG 1.2 & 15 WA R TCT R H
P4 45 1] 58 4[] ke B OR3P A 8T 7 R B T R
= 45 R B B A i T X 3 A SR )
HL IR PR B e R T A 28 21 25 T L T 4
FRUE, YR AR Z 5 R B R e
B LB, 5 8 2ok e (B U e s Bl AR & TEAS i Ty
R Z 5A R BT R EE R, A
I S D0 e LB SRS A Sl B R0 Bl XD S A
4 RN 25 5 DAY A ) A0 A i, G XA S A B
FH R A 22 17 o e I 2 5 8 e At Ay A
JE AR A PR S 4 o Y AR e e 4, B
B4 JC PR B A th T | ZE RS K A e I 5G|

% E] TCT I Bk f Pr 48 2B 4b = AH H & 7]
REATE 72 I AN ST, LA K Hh 34 2% il 32k 15 25 18 1 0 L e
ARSI 2 R S S BUEF BT R MELE
21 77 HE NS R SCFE S R R T B R R B
TG BR T AL S 1B RS R A
FEXT R332 ) | AN 22 B0 B AR 4 3 B i 7%
HEE AT AT AR AR e KN L R N R A
I B AR AP 4 A B[R] 3% 2 75 Skl 25 15 B B AR i
KA LEIFA]

K I8R50, Wik &HEIRE K 1AHT 35kV
TCT I AL PT2505 FLAL A AE A 7] TAEZS 2 T 4
LRy B T ) 2 A BU(E (bR 2B S TR) ), e
HER KA T HL U Lo =0.0804 pou., N 1 id H5E
M), RAET BRI B E N Ly = Koy Lo, R
B Yl 5 R A K BORH 1.2, 0 1,,,=1.2%0.0804 =
0.1 715, Ho 1, AAMEGAB TR, R24H TH
Pran 25 a8 TO0 N AMESR A F )7 B3 T4 1 1
A A BB A R R L i IR) | H P B KOS S i e i
Lon2=0.7583 pu., A T P Hoszmg AN R A B
%{Eﬁ%j‘j ].9el2:Kre|2]Onmx2’ Z:iﬁﬁ I} E&%TFﬂ;ﬁi/%é&
Ko R 12,0 1.,,=12%0.7583=091,, % AN R
BT B R4 m] S ZR B0 18] AT 3822 R 15=200 ms,

UG AT ERR S PETTRE . FPLAR [ E AR

xR BHBEH S A EENIMEERARTTHERR
Table 1 Unbalanced current of compensation windings,
with 5% unbalance of reactor parameter
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T %M%’f}%iﬂzﬁ ﬁ?dﬁ%é’i

LI T A0 ] A¢ / ms
10% % 40% 0.3038 98.6964
10% % 70 % 0.5526 158.7035
10% %= 90 % 0.7556 61.4794
40% & 10% 0.2287 22.8540
40% % 70% 0.1444 22.8136
40% % 90% 0.5276 543118
70% % 10% 0.4039 22.8230
70% % 40 % 0.2053 20.6811
70% % 90 % 0.3481 28.9080
90% % 10% 0.7583 30.7695
90% % 40 % 0.6106 97.5362
90% % 70% 0.1596 17.2212

B ATHT T BRI BIME RN .
3lou> L (1)

Horp 3 1y I AMEGEA T F HL B TR o s A A0(E, L
Pas A AT S R DB S E R R
3lnw>10 (2)
Xt X A0 S PR B B 2 R A R
SE A Bk 5 TE % T T 4R B o R LS R RO
i R RIESR W U,=0010,, Kb U,
FELJTC A5 IR0 450 2 HL S AT 40 R
3Up>Us, (3)
ot 30,k M2 L
S 0 18 S NS e W UK TR ) R (kA SR
K7 Bios,
EX L

[EG
RGN A Y

54

TRESE

7 B S A B R IE R E

Fig.7 Protection logic of control winding
inter-turn fault



%78

BIRIR 7 TCT 2196 L B 5 ) 28 20 0 ) A A ®

3 MEFRPAERRBESH

3.1 AREZETEETEEARPHREE
FEF 35 kV TCT X IFBE AP as 07 AL X) 2%
i [ 22 32 47 7 2T B & A s i S 4 I ) g e ok
77 2405 Bk 5 e Rk 3 s, H R
WOE A TTEN (Ko =3In/ Lo THEEEREH L
B2 % 2 20 % S LA L I 8] e B i | A SR 4R 7 %
H— 0 R e /ANE & TAE I R R R 5
10,5 9o S LA L T[] i 5 1) B A AR A O B T R A
BT AR D720 & A /N T e S 6 i o e 7 SR A%
WAE BRI TAEZ BB 45 1 58 21 I [a] i s
X R L I X R ) R A X T R D | AR R
%N
£3 AARETEARPREE

Table 3 Sensitivity of inter-turn fault protection
for different capacities
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Protection schemes for control winding inter-turn faults of

TCT-type shunt reactor
ZHANG Fenfen,ZHEGN Tao,LIU Lianguang
(State Key Laboratory of New Energy Power System,
North China Electric Power University,Beijing 102206, China)

Abstract: The body structure and control winding inter-turn fault characteristics of TCT (Thyristor-Controlled
Transformer)-type shunt reactor are analyzed and a protection scheme of main criterion combined with
auxiliary criterion is proposed according to the fault characteristics of low grid-side zero-sequence voltage and
large compensation winding zero-sequence current. The main criterion adopts the zero-sequence over-current
protection element with two-segment setting mode to guarantee the sensitivity of inter-turn fault protection and
the reliability of capacity adjustment. The auxiliary criterion adopts the high grid-side zero-sequence voltage
blocking element with additional blocking criterion to guarantee the reliable operation of TCT shunt reactor
protection during the transient processes of system incomplete-phase operation,out-zone asymmetric fault,
reactor switching and capacity adjustment. Its setting principles are determined based on the simulative and
experimental results,its sensitivity is checked,and its feasibility and effectiveness are verified by the
analytical and calculative results.
Key words: TCT-type shunt reactor; control windings; turn-to-turn faults; protection schemes; transient

characteristics; sensitivity analysis
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Impact of open-circuit fault on zero-sequence over-current protection
and improved protection scheme
LIU Yadong',SUN Jiwei?’, YANG Guosheng',ZHOU Zexin',GUO Yanfeng’,NIU Yanli’

(1. China Electric Power Research Institute,Beijing 100192, China;2. Dispatching & Control Center of North China
Grid Co.,Ltd.,Beijing 100053,China;3. State Grid Beijing Electric Power Company,Beijing 100031, China)

Abstract: In grid operation,it is found that the open-circuit fault may cause the zero-sequence over-current
protections of adjacent transmission lines to function improperly,especially the multi-circuit transmission line
with heavy load. The simultaneous misoperation of the zero-sequence over-current end-zone protections for the
adjacent transmission lines in the same cross section may seriously expand the incident. The open-circuit
fault of heavily-loaded transmission line and its effect on the zero-sequence over-current protection are studied
by theoretical analysis and simulation,an improved protection scheme suitable for the open-circuit fault of
transmission line is proposed,and its effectiveness is verified by the RTDS test for a real protection device.

Key words: relay protection; zero-sequence over-current protection; heavy load; open-circuit fault; fault

characteristic



