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A study of effect of controllable shunt reactor of transformer type on line differential
protection and countermeasures

LIU Geming, YANG Yan, WU Dianfeng, ZHOU Qiwen, HU Xi, XU Xiaochun, ZHU Xiaotong
(Nanjing NARI-Relays Electric Co., Ltd., Nanjing 211102, China)

Abstract: Through the study of Controllable Shunt Reactor of Transformer Type (CSRT), the effect of CSRT used on
transmission line for line differential protection is analyzed and different solutions are proposed and compared. A new method of
time domain compensation for CSRT used on transmission line is presented. The transient capacitive current compensation
requirements and high sensitivity of line differential protection are satisfied by this method. High reliability of line differential
protection is ensured by the configuration with and without compensation in parallel while CT installed on CSRT is abnormal. The
feasibility for the method above is verified by an engineering application.

Key words: controllable shunt reactor; controllable shunt reactor of transformer type (CSRT); line differential protection;
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Fig. 2 Equivalent circuit of transmission line with one

shunt reactor on each side of the line
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Fig. 3 Configuration 1 of line differential protection

with compensation

]
]

K% H %7

)

N L REm2

me
k<

Z
kmww/

4 TIMETHRERYZESNMRIPELE 2 REE
Fig. 4 Configuration 2 of line differential protection

with compensation



- 136 - & 0% EP DA

]

o H e

me
< |

z
kmwp/

5 NEMETNRERIZERNRIP. IERRIP.
EFRIFEETEE
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compensation, distance protection and zero

sequence protection

3.4 CT ZERIAIZREN

H s Pt CT SJF %, Pk CT
PEANA], MR RN s 2= Sh R L& TT %, 7% CT
S ISR R JEUU

1) X T BT R A B A SRR A (1) 45 %
TRy, ML IFREE T IFE CT Wrdens, R4k
LRER IR “CT Wik PHBi 223" s 7Rk e a2
17 B B T 223l RS D Rg. nlimdt CT Wi
LR, AGR A AR RAME D RE ZE SRS, AT
AR A EAMEN Z BN RP

2) XFECAACRFE B R, ML TF e
HFOC CT ML ISP I, PR 46 % T
HEDRY TG Unlmmdt CT FGLI UL AL
BCH RV I, 3B H AT F 2 FRLLAMEE DI RE (M 22 B IR 3
IR B AN AT ZE B IR
3.5 Euss CT i

RARAR A AT = B v eT BLSR B e
CT 8 @i CT. WEFen] & mbiEim CT K
Uit AL IR 2o #M2 5 1 22 B PR Bl I
3 fiR. WERERS R CT M, A%y
S AME G I ZEBh R L 4 Pros. BT
ZEBN R TS BURT SR I 2 Bk 120 W i s A
Wrek s, PrilEhe BikFEEum CT 8l eim CT #
AT DA A TR 7oK o (2 T RESERR N H H st
W R CT WHEM P %, miH CT &tk—
/T 600:1(E%# 600:5), XFE K1 ALK 3)k4E
G MEEINT, AT ARG s P E v CT M E A,
EREE G CT S5 METHA M2 i 2= 30 iR 2 2
M) CT MIFN N EE 1A B LR UE K1 Rl i)
Gl 2B R AN AR AR Z MRS RGNS R,
T R R 2R B =B R AN ENE, KA RE

L K s DUORY R AR I B s g, — Hosiifk
PHRBPR G RGUHORAR R N H o iR i
CT HS M R ek ZE S R U6, AT
LA o CT A™ SRR A, i FLn] LORE £t
Z DR A E PR M5 &R, AR TR
ARG WIEFERH CT Z 542 Ry iAME
THEAXS A -
3.6 IMESHMIRBA R

KA T ARG YU iR, Lk 223)
TR B E PR B R A IS AL, DU S 2k
HATSHCE THROE RN . WIS H] LU
2Bt HAR I APE, RIS, TIRK.
R TR R LR T AR AR R e i S A R
P CLEIT AT AR R 2 AT SO TR IEAf

4 TiRMAES

VA ER RIS W B85 PG L IR (1) 750 kV
B W AR H TR DN R AL P2 LR 4 4
2t A e 3 750 kV nJ 5 Eit, RE41 % i 390 Mvar,
[ 5 255 39 Mvar, A %55 351 Mvar, 3 200,
PR 117 Mvart, You-fa K2R R P I  TT5% CT
AL 2500 A/1 A, HLBLES CT AZLEh 400 A/1 A,
A K 3264 km, FTHE B IRMIMZEE K S
Wr: Z2,=3071Q, Z,=90.11Q, & =87, @, =

T7° o K FTI I AN T N VoK LR OR
PEEE g, IET 2013 4 6 RS . $HETT,
YOM-Fa S TR AEv D T 2E T T A AHRHB N
TREEARES, MR S T0% A &, W S
LR ARY B, nIs s A R Bk 1 A JE g AT
PEEPURTT A 100% 25, YRUNI0 AR5 B kil an
6 FIn, fa-RORI S S 7 fos.

3 A AL
oF/ A\
Vs A

unv

-100
-200

0 20 40 60 80 100 120 140 160 180 200
t/ms
5

ilA

5 1 L L I 1 L 1 L 1 ]
0 20 40 60 80 100 120 140 160 180 200
t/ms

ilA
=

. R EON -
N NG LD
; s
\‘ \./ J \/ \ ’ \\

“0 20 40 60 80 100 120 140 160 180 200
t/ms

6 IR IP B FRIK E
Fig. 6 Wave of protection installed on Shazhou side




XHE,

A2 s g 2T 28 e HURT Ee i 22 B DRI [R5 S0 ST

- 137 -

200
. 100
= op
~100
2000
0 20 40 60 80 100 120 140 160 180 200
f/ms
=
0 20 40 60 80 100 120 140 160 180 200
=

20 20 40 60 80 100 120 140 160 180 200
f/ms

7 B FMRPEETRE
Fig. 7 Wave of protection installed on Yugqia side

B 8 S fR e B R B b AR R AME T R
ZZE S LI, W] DA A R 1 22 3l HL iz /s
TAMET R ZES LR, UEWEREEAR AR A 2wt
HLUR K7 AT BB T M ThRg . TRl
M, AMETTIZ S R 2 B s DIRR Ja S R
TR AN, EREAM S R Z S RRE AT E AL,
WUl T Bk A (RIS SR AN S T P e U Y
oMo P9 O PR R BB P R ATAMERT . R
ZE S LR, TR i T e A
Wi, DTS AME ORI o 8 ml
PURIIN TR FUR T AT A S5 4 5K
fift, RESDEAMEIEAERE, Prls AR
M HA I, EE DR 2 TRENH T o

SR BT I S22 7 S 1) 2 % 2 B DR 97 2 N
Bz 4, BAPRGLRAS, REFbHE TIFR T2
Je 25 3R] 42 e T PO v s i L 5 ) DR 25K

02 THERT B FRZ
0.1F N4 - AhMEH C A
< OR VY A Y A AT LAWY Ao
R
02 ;
L
70 20 40 60 80 100 120 140 160 180 200
t/ms
010 : TMER BRI
0.05 i - AMEJE C A
< Ofu G
-0.05
010

0 20 40 60 80 100 120 140 160 180 200
t/ms
8 EMPEtEFMERT. FRIERNRIR
Fig. 8 Differential current wave of non fault phase

with and without compensation

E R AER
0
g
-5
710 1 1 1 1 1 1 1 1 1 J
0 20 40 60 80 100 120 140 160 180 200
t/ms
5 —WEEARER
0
<
-5

00720 40 60 80 100 120 140 160 180 200
f/ms
9 HWFEMRIMERT. FREVERNEIR
Fig. 9 Differential current wave of fault phase with and

without compensation
5 4t

LR ARAR I 2 2] P2 R ) AR g P A A ok
IR PR LA S AME I BT R BES
AR L 22 B ORI 1R T FEPEA R B . IFA T
BAAMERA T AME T RE R Z B R T 5, W]
CLORUEZ i 22 B (RGP AE nT 2 it CT I AR &
B EORYERE, W e s 2 AR s AT B
(B

S35 30k

(1] FHEA%, 29f, BUEA, A5 B sRAR s UnT 12

LT IO P RE LT BT 0], R EOR,
2013, 39(4): 791-796.
TIAN Mingxing, AN Xiao, GU Shengjie, et al.
Voltage-controlling methods and simulation analysis of
magnetically saturated and transformer-type controllable
reactors[J]. High WVoltage Engineering, 2013, 39(4):
791-796.

(2] HEAE, PRbl. s g Eridl 750 kv R
M) s EEAR, 2005, 31(3): 18-21
TIAN Cuihua, CHEN Baichao. Application of controlled
reactor in Northwest 750 kV power system[J]. High
Voltage Engineering, 2005, 31(3): 18-21.

(3] HHBAX, JihPF. A2 M de sl i it as i1 e 20 Hr A

DR QA 0] LT R, 2003, 23(8):
168-171.
TIAN Mingxing, LI Qingfu. Harmonic current and
power-step number of controllable shunting reactors of
transformer type[J]. Proceedings of the CSEE, 2003,
23(8): 168- 171.

(4] 7o B4, £HER, THHE, 55 PEIE 750 kv HIROCA
I FACTS W N R[], HMER, 2013, 37(8):



-138- CE RS X LR L
2349-2354. (91 =, BRI, XK, &% AR T2 T SR
ZUO Yuxi, WANG Yating, XING Lin, et al. Applied PEOTE T [0]. O R G RYT HEESI, 2011, 39(7):
research on new types of high capacity FACTS devices in 110-114.
northwest 750 kV Power Grid[J]. Power System LIU Ren, ZHAO Guosheng, WANG Huan, et al
Technology, 2013, 37(8): 2349-2354. Characteristic  simulation analysis of three-phase
[6] ZRufE, HET, Kb, HTHSEEHRIMER magnetic valve type controlled reactor[J]. Power System
ik Z BRI B RS A, 2005, 29(12): Protection and Control, 2011, 39(7): 110-114.
61-67. [10] Zpuik, Jauh, vhoror, S5 e IRZeif mPiah e ZEut
WU Tonghua, ZHENG Yuping, ZHU Xiaotong. Current F0). ARG 5], 2011, 39(20): 98-105.
differential protection based on transient capacitance YI Qiang, ZHOU Hao, JI Rongrong, et al. Research on
current compensation[J]. Automation of Electric Power high-voltage reactor compensation of UHV AC
Systems, 2005, 29(12): 61-67. transmission lines[J]. Power System Protection and
(6] ARV, Frhal, #EME, &5 110 kv JFB T #E ity Control, 2011, 39(20): 98-105.
LN, RS H B, 2008, 32(3): 87-91. (1] A5, ZRROK. AR pTan] £ e A R I L s 20 A
YU Mengze, CHEN Baichao, CAO Zhihuang, et al. A KRR [J]. B RGRI S0, 2011,
novel 110kV shunt controllable reactor and its 39(15): 102-109.
application[J]. Automation of Electric Power Systems, WANG Shirong, LI Minzu. The over-voltage analysis
2008, 32(3): 87-91. and protection measure determination of thyristor
(7] WeHSHK, Z=5id, SE/NE, S5 g e T e controlled reactance series compensation by adjustable
Pras AL ORI BC B A S EL AT [J]. W RS A Bk, coupling[J]. Power System Protection and Control, 2011,
2009, 33(21): 58-65. 39(15): 102-109.
YAO Qinglin, LI Ruisheng, SU Xiachua, et al. [12] FNE, Tl Frm kK g Bm s/ BN
Configuration and principle analysis of microcomputer MR LR AN T VR (0], B RGP I, 2010,
protection for classified high-voltage controllable shunt 38(8): 2-5.
reactor[J]. Automation of Electric Power Systems, 2009, SANG Bingyu, WANG Xiaoru. Adaptive compensation
33(21): 58-65. scheme of capacitance current to differential protection in
[8] &Mk, THR, R, 55 n[#EEBprasN Ty UHV lines[J]. Power System Protection and Control,

A6 750 kV U EL T[T H) 3RS F Bk, 2007,
31(22): 104-107.

PAN Xiong, DING Xinliang, HUANG Mingliang, et al.
Simulation analysis on application of controllable
reactors in 750 kV Northwest China Power Grid[J].
Automation of Electric Power Systems, 2007, 31(22):
104-107.

2010, 38(8): 2-5.

45 HER: 2014-11-05
EH RN

X E8H(1980-), F, AMit, TAIF, T EHARTFTEAHE

71 %4 Bk, E-mail: liugm@nari-relays.com

(%m#% 2 m)



