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Power flow control effect with TCSC on the operation margin of zone 3 impedance relays
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(Hefei University of Technology, Hefei 230009, China)

Abstract: Zone 3 impedance relays (mho relays) are sensitive to power flow distribution in stressed conditions due to their
overreaching design. In this paper, the operation condition for mho relays is defined by the operation margin between the apparent
impedance and the operation impedance. The sensitivities between the operation margin and the controlled parameters of TCSC, such
as line reactance, line-current magnitude, and active power flow, are found to quantify the control effect on the relay performance.
Numerical results on IEEE RTS system shows that series compensation at different locations, controlled parameters, or reference
values, will increase or decrease the operation margin. Studies on the performance of zone 3 relays in compensated system is helpful
to the coordination of relay protections and FACTS devices, and quantify the vulnerability of stressed power system.
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Tab. 1 Sensitivities for different compensation locations

m n Q16-14,mn [ Bi6-14.mn Amn,mn V16-14.mn
/p.u. /p.u. /p.u. /pu. /p.u.
1 2 -0.0016 -0.0286 0.0575 -0.2150 0.0077
1 3 0.0153 -0.2134 -0.0717 -0.3566 -0.0429
2 4 -0.0158 -1.4723 0.0108 -1.4034 0.0113
1 5 -0.0500 -3.1880 0.0157 -2.3411 0.0214
2 6 -0.0269 -1.6215 0.0166 -1.4565 0.0185
7 8 -0.1986 2.8953 -0.0686 -0.0454 4.3764
3 9 -0.0049 -0.0423 0.1155 -0.1950 0.0251
4 9 -0.0006 -0.5292 0.0012 0.7511 -0.0009
8 9 -0.0015 -0.0320 0.0454 0.1917 -0.0076
5 10 0.0015 -0.0194 -0.0781 0.1672 0.0091
6 10 -0.0208 -4.5571 0.0046 2.1174 -0.0098
8 10 -0.0005 -0.1515 0.0030 -0.0638 0.0072
9 11 0.1653 -14.513 -0.0114 ‘6.4203 0.0257
10 11 0.0979 -23.752 -0.0041 8.0642 0.0121
9 12 -0.1644 -14.323 0.0115 6.2994 -0.0261
10 12 -0.2682 -23.229 0.0115 7.9874 -0.0336
11 13 -0.7726 -43.194 0.0179 12.592 -0.0614
12 13 -0.0360 -44.874 0.0008 13.188 -0.0027
11 14 04715 -7.6433 -0.0617 4.4802 0.1052
15 16 0.1939 -51.262 -0.0038 -18.366 -0.0106
16 14 1.9676 -83.956 -0.0234 -16.387 -0.1201
16 17 -0.0649 -224.84 0.0003 35.875 -0.0018
17 18 -0.0015 -92.782 0.0000 25.357 -0.0001
16 19 -1.1040 -62.719 0.0176 -13.011 0.0849
19 20 -0.3473 -3.8904 0.0893 -3.0121 0.1153
15 21 -0.4775 -359.06 0.0013 46.880 -0.0102
18 21 0.0028 -37.659 -0.0001 16.107 0.0002
17 22 -0.0276 -19.134 0.0014 7.2596 -0.0038
21 22 -0.0471 -22.934 0.0021 79914 -0.0059
12 23 -0.2933 -8.0350 0.0365 4.7449 -0.0618
13 23 -0.0714 -0.1750 0.4080 0.2089 -0.3418
20 23 0.1476 -4.5337 -0.0326 3.9215 0.0376
3 24 -0.5456 -20.898 0.0261 6.0431 -0.0903
15 24 -0.5400 -21.095 0.0256 -6.2963 0.0858
2 AEHRNMER
Tab.2 Series compensation schemes

E5 323 Xina Ip-u. Xeap P11
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16-14 0.005 -0.03

3.2 HBRIMEHE 15-16

7£ TCSC #=HITEE M, &5 FE 6 5aldh He
¥ 15-16 ZIESH KL 16-14 RIBE, F 58
WMITH & RFITHE . WIS T, Bt
P BR R 2 4-0.0036 p.u (-0.1877%), BHEMIRIRE K
-0.1741p.u (-6.1756%) . W Z3=H TR, BRI
WEN 8.3280%10™ p.u (-0.0597%), BHARHIRE R
-0.0398p.u (-2.3544%) . IR EEWE, BRIERIR
WREN 1.0702x10° p.u (0.0039%), AR IRE S
2.8879x10* p.u (0.1077%). H1&l 7 4 g F y RHEH]
W, HSEHBRERIHRG M, RPsh1Ee
E T, W H7E TCSC m#EE W, g Ry ik
3.3 HBiMERE 16-14

& TCSC #HIFEE N, B 8 M 9 sk
16-14 HIZHESHEARYIEME . XZITLEE
WEH, BMERBRIR2-0.0199p.u (-0.2559%), Atk
PR BR IR 2£-0.6946p.u (-6.1039%) . X 5Z 34k B4 DT
R, BRI Z-0.0027p.u (-0.1013%), ZMHEAME
R#-0.0920p.u (-2.7364%) . SHREFBHVEREE, Bk
WIRIRZEH 0.0019 pu (0.6841%), AHARMEIRE
0.0110p.u (5.4695%) . R BUE BLHLE B IR I B V4
B, FE—ERE, REET: RBEHERPESR
WRIBLEBE P NE TR AEFEA. RBEE 1004
Moy, ASEFHEBEEG RGN, RPshE
WD fEMEHETT R, gy iaflfEE,
TR B B B AMER RN, R SHERERZ
BSHEMANRK, W FEDRFRFEE S5
TCSC = HIZH.

2.8 Sensitivity model
R i Power flow model
2.8 r ... Square of line current magnitude

Comtrolied parameter/p.u.

1.8 Capacitive: Inductive

Active power flow range range

1.6 S
1.4 - L 3 1 i —
0.005 0.0075 0.0L  0.0125 0.015 0.075  0.02

Line reatance/p.u.

5 £3%15-16 BiESH
Fig.5 Controlled parameter with TCSC on line 15-16



-10- CHERET LN

0.2715¢

Sensitivity model
0. 271l Power flow model

0. 2705}
3
£
g 021}
o
£
§ 0. 2695} Capacitive . Inductive
Eu:; range { range
=]

0.2691

0. 2685

0.268
0.005 0.0075  0.01 0.0125  0.015  0.0175 (.02
Line reactance /p.u.

B 6 k35 16-14 (RIPINEHRTE
Fig.6 Operation margin for line 16-14

X 10"
B

-3 }\

,4 [,

-5
5 -6t
&
5
o TF

-8} Capacitive Inductive

range range
gt
T
-10 \
-11

) . ; R . n
0.005 0.0075 0.01 0.0125 0.015 0.0175 0.02
Line reactance/p.u.

B 7 BESHMRPRENRYE

Fig.7 Sensitivities of operation margin to reference parameter

12
Sensitivity model
e e Power flow model
10
E . :
@ Square of line current magnitude
g 8
E_ 7
T s
2
H 5}‘ Capacitive . Inductive
© s range range
Actiwe power flow
3
9 . L L PR U Y |
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045

Line reactance/p.u.

B 8 % 16-14 FHBH
Fig.8 Controlled parameter with TCSC on line 16-14.

Sensitivity model

3
3
£
g
£
£~
2
,g 0.23 Capacitive! Inductive
S range range
0.22
0.21
P . . . . .
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045

Line reactance/p.u.

B9 £RE% 16-14 BRI HYRIPHE
Fig.9 Operation margin with TCSC on line 16-14.

—

Capacitive’ Inductive
range range

L . L L )
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045
Line reactance/p.u.

B 10 ZRESHMRIPAENREE
Fig.10 Sensitivities of operation margin to reference

parameter
4 g

A SCHIFGT T W] 45 o R A 45 1o 42 B R B = B
R SEmAEREW, BBUTER:

(1) BRI IERrt e SO IR IER B, Al
WEMRPSEEEINEE. RIPEENTAEE
AR HIR R REL, Sk TR RHAB BTG
S5, DIREMRERENIERER.

(2) ETEMERRTE, B3RP EX AT
RANR B RIS HRIRBUERE, LR TCSC "%
AR E R

IEEE RTS RV R EREZH, a2 8 4h ] REX:
B W R o A BRI R S P AN e . R R s
77T, RPBEN B ZBE SRR, F
ESRIER. WIsREAMIEEENES SN S EE
B, AATHIRRFMENERERE, RINCHRR
LG, PRI BRI T X .

(4% 26 W continued on page 26 )



-6 - D EREYE A

system in China .Electric Power, 1999, 32(2):24-28.
(7] BRsCm B o ] SE e s R AR M) b 5T R 7
fRAL, 1998, 111-138
CHEN Wen-gao. Basis of Distribution System Reliability
{M].Beijing: China Electric Power Press, 1998:111-138.
(8] W, FHFi6, AXB PEEBRETRETFGED
HER KM, 2002, 25(1):53-56
XIE Kai-gui; YIN Chun-yuan; ZHOU Jia-qi. Reliability
Evaluation of Middle Voltage Distribution Networks[J].
Journal of Chongqing University (Natural Science
Edition), 2002, 25(1):53-56

[9] Billinton R., Chen Hua, Zhou Jiaqi. Generalized n+2 -

State System Markov Model for Station-Oriented
Reliability Evaluation {J]. IEEE Transactions on Power
System, 1997,12(4):1511-1517

[10] Billinton R., Chen Hua, Zhou Jiaqi. Individual Generating
Station Eeliability Assessment {J]. IEEE Transactions on
Power System, 1999,14(4):1238-1244

M1 B, ARB, TRE. BEWKEERSERLH
M E KRBT, 1994, (10):5.
CHEN Hua, ZHOU Jia-qi, WANG Yao-hui. Reliability
calculation of the Chute Dyke Power
Configuration [J]. Design of Hydroelectric Power Station,
1994, 10(3):67-73

(12] WIFst, #E®E, BT, AFE AU RRIERAREE

sStation

KA RENEEIMAKD]. B REK B 3NL,2006,
15(30):89-92
XIE Kai-gui, DONG Bai-giang, ZHOU Jia-qi. Design
and Application of Reliability Evaluation Software for
Power Station[J]. Automation of Electric Power Systems,
2006, 15(30):89-92

[13] EFE, WHH, ARG w32 BEM 43 &Ll
AEELESHD. EXRRKEERERABE
$#%),2006,29(10):10-15
DONG Bai-giang, XIE Kai-gui,ZHOU lJia-qi. Compari-
son and Analysis of Reliability Between 3/2 Connection
and 4/3 Connection of Station[J]. Journal of Chongging
University (Natural Science Edition), 2006, 29(10):10-15

[14] Billinton RJAZFH, ERE B RETRE LM
HR: BEAEORIOER AL E R4, 1986
Billinton R,ZHOU lJia-qi, REN Zhen-yi. Power System
Reliability ~ Evaluation[M].
Technology& Publication, 1986.

Chongiqng:  Science-

Yr¥s HHR: 2008-03-26;
EE &N

Bog(1983-), %, MEHRA, HAFEOHLAE
SR BT %4, E-mail: fiyy.33@163.com

{5 B H#A: 2008-04-23

(L#EF 10R
& &3k

[1} Horowitz S-H, Phadke A G. Third Zone Revisited[]].
IEEE Trans on Power Delivery, 2006, 21(1): 23-29.

[2] Pinto de Sa J, Afonso J, Rodrigues R. A Probabilistic
Approach to Setting Distance Relays in Transmission
Networks [J]. IEEE Trans on Power Delivery, 1997,
12(2): 681-686.

[3] Mir M. Adaptive Vs. Conventional Reach Setting of
Digital Distance Relays(J]. Electric Power Energy
Systems, 1997, 43(2): 105-111.

[4] Tseng K H, Kao W S, Lin J R. Load Model Effects on
Distance Relay Settings[J]. IEEE Trans on Power
Delivery, 2003, 18(4): 1140-1146.

[5] Xiao Y, Song Y H, Liu C C, et al. Available Transfer
Capability Enhancement Using FACTS Devices[J]. IEEE
Trans on Power Systems, 2003, 18(1): 305-312.

[6] Lu'Y, Abur A. Static Security Enhancement Via Optimal
Utilization of Thyristor-controlled Series Capacitors[J].
IEEE Trans on Power Systems, 2002, 17(2): 324-329.

{71 Fuerte-Esquivel C R, Acha E, Ambriz-Perez H. A
Thyristor Controlled Series Compensator Model for the
Power Flow Solution of Practical Power Networks[J].
IEEE Trans on Power Systems, 2000, 15(1): 58-64.

{81 NERC. Relay Loadability Exceptions: Determination and
Application of Practical Relaying Loadability Ratings[R].

continued from page 10)

www. nerc.com/~filez/spetf.html, 2005.

(9] ZF4R. LRI EIIB Ry SR LR T R ThREd

BIE). ARG AL, 2006,30(16): 27-31.
LI Sheng-hu. Power Injection Control to Operation
Margin of Zone 3 Impedance Relay on Transmission
Lines[J]. Automation of Electric Power Systems, 2006,
30(16): 27-31.

[10] Li Sheng-hu, Yorino N, Ding Ming, et al. Sensitivity
Analysis to Operation Margin of Zone 3 Impedance
Relays with Bus Power and Shunt Susceptance{J]. IEEE
Trans on Power Delivery, 2008, 23(1): 102-108.

(11] Mathur R M, Varma R K. Thyristor-based FACTS
Controllers for Electrical Rransmission Systems[M].
New York: IEEE/Wiley; 2002.

[12] IEEE Reliability Test System Task Force. IEEE Reliabili-
ty Test System{J]. IEEE Trans on Power Apparatus
Systems, 1979, 98(6): 2047-2054.

Y HEA: 2008-03-25
EEE N

£AE (1974-), F, L, BARRA, HAAFEOAHEH
RiEAr BdEd. Eidme . AAKXBHE K, E-mail
lishenghu2004 @hotmail.com

T 9 (1956-), B, i, MEAFTAACHELETE
M. BELRA ., T,



