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Sensitivity analysis to the zone 3 impedance relays for transmission system
with controllable shunt compensation

LI Sheng-hu
(Hefei University of Technology, Hefei 230009, China)

Abstract: The security of the transmission system after various disturbances is dependent on the relays’ performance. Undesirable
relay operation will trip the lines and lead to cascading events. In this paper, the operation margin of mho relays (zone 3 impedance
relays) is equivalently redefined as function of bus voltages instead of line impedance. The sensitivities of the operation margin to
bus voltage and bus power rare derived to quantify the vulnerability of transmission system. The contribution of the shunt
compensation by SVC is analyzed based on the sensitivities (control factors) of the operation margin to the shunt susceptance. It is
found that the control effect of SVC is approximately linear when the mho relay has relative smaller operation margin. In this range
the linear model based on the control factors is accurate enough to simulate the control effect. It is also found that the shunt
compensations at different locations may yield opposite effect to the operation margin of the mho relays, which can be easily judged
by the sign and the value of the control factors.
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Fig. 1 Transmission system of SVC compensation
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Fig.2 Operation characteristic of mho relay
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Tab.1 Operation margin of zone 3 impedance relays

RIS BE/pu
e
PR LR HB K e R R EOE
1-2 3. 6667 0. 9984
1-5 4.8240 0. 9964
2—3 5.4882 0. 9636
2—4 4. 3377 0. 9634
2—5 5.9346 0. 9652
3—4 27. 7860 0. 8990
4—5 4.2011 0.8918
6—11 6. 9940 0. 8689
6—12 9.7148 0. 8816
6—13 3. 1860 0.8150
7—8 3. 2868 0. 6367
7—9 1. 2454 0. 6791
9—10 19. 8837 0. 7937
9—14 9. 6056 0. 7877
10—11 13. 8139 0. 7787
12—13 40. 2390 0. 8306
13—14 10. 1610 0. 8001
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Tab. 2 Sensitivities of the operation margin to bus voltage
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Tab. 3 Voltage change with shunt compensation at bus 9

TR REE/u | R REE/m
1 0 8 0.184 0
2 0.039 9 9 0.241 4
4 0.092 7 11 0.191 2
6 0.152 6 13 0.168 1
7 0.189 0 14 0.213 2
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Fig.4 Operation margin of mho relay on line 7-9

1.8
1.6
1.4
1.2

1
0.8

G /pu

0.6
0.4
0.2

03T 0z 03 04 05
FFERLEY /pu
M5 BEETHR THRIPASHERE
Fig.5 Operation margin of mho relay on line 7-9

under heavy loads

BARAAN HEmM 1.2 45, F8R%L
FERRS, BHABHNMEBEWE S5 Fir. 3
FECHSN 0.23 pu B, FTHIRPUAFE(E 1.749 5
pu. 5E 4L, ERIEITH, KEEMAEHR

BER, IR EREEER.

H— P H B RPER M ET R ER .
ik ek g 10-11 Frir, EESHATMER A THR
PHEMBEME 6 F17 Fin. ZEE 6%, MBS
4 0.11 pu B, #FHIRFOLFIEME 1.826 6 pu; 7
B 79, MFFERESHN 0.20 pu B, EHIREEAT
IE{H 2.063 2 pu. 5K 4 F1E 5 ML, HETHR
FrWTINE T MEERR, EHRKBE K, #—
SRR EESERNE.

T4 #IE /pu

0.4 05 06 07

FHELA /pu

M6 EHEHE, KEI0-NFHEMRIPNERE
Fig. 6 Operation margin of mho relay on line 7-9
with outage of line 10-11

AP /pu

I 1 1 1 I
0 01 02 03 04 05
FIBHLE /pu

B7 EHHR, LT10-11FER ORIPHERE
Fig. 7 Operation margin of mho relay on line 7-9 with outage
of line 10-11 under heavy loads

¥ SVC N EIBENAT, UBEARMNE
RIFFBRAMERR . EESHHE T, RIFMERED
& 8 fir. HHIREMNEEZRIR/DNAAME, AT
SR EMERERIE TR, MEBER, 787
HIFFBRAME I 7% SRR 7-9 BRI
BT, MTOREMR T BHPLZk B 28 W B FHBT AR 3)
ERE. ZEEAT, RELHRBNFHFS, U
R T Bt I B AN R 38 A 2 PR R T R BN E R
.


http://www.cqvip.com

£ 000 http://www.cqvip.com|

ez

-12-
0.8
P
0.4
2 oz
- S Bt
&£ oF e
- I
¥ 0.2
-0.4
-0.6
085005 0.1 015 02 025 03 035 04
FIKHLAY /pu
B8 i s 7TAMER SR BN EH
Fig.8 Operation margin of mho relay on line 7-9
with SVC installed at bus 7
4 £

A HFEE =R NERTE, AR T HE
FAE B M MER TR . 4
HEMNMEREE AT RBERNRE, BRFEFE
Hx W S BERNY SRR, SR BE
MRS BB EBE BB EE =R
TR BHVERR FE I R B REE ISHI R E, HAMTAT
I R = B EER .. BEENA T
IEEE 14 T SRR %, B3LUTEL:

(D) RIPHEBERTABRE. WRIHES
MHBHNRBERYE, #HRTHTEE=ZBREFF
HEFES RN BN

(2) HFEPEERERD, RIFFTREIRSIN,
ETHHRB LRI LR SVC P

Bl THERERD.

(3) WTAFLERIIEE=BRY, SVC I Ek
#ME T BEAFE IE M BE UEDR M, AR SR
RIRF 5 F LA A T -

SEH

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

(2] Marttila R J. Effect of Transmission Line Loading on the
Performance Characteristics of Polyphase Distance
Relay Elements{J]. IEEE Trans on Power Delivery, 1988,
3(4): 1466-1474.

{31 Tamronglak S, Horowitz S H, Phadke A G, et al.
Anatomy of Power System Blackouts: Preventive
Relaying Strategies[J]. IEEE Trans on Power Delivery,
1996, 11(2): 708-715.

(4] BRI, kit, BHFEE EMKERFRTHRBET
M—E B, 4888, 2004, 32(21): 76-79.
ZHAO Zi-gang, ZHANG Hong, ZHAO
Chun-lei.Reflection of Protection Relay After the Great
8.14 Power Failure of America and Canada[J]. Relay,
2004, 32(21): 76-79.

(5] Z4pR. KEEEENIB R SIMEMBER T STIREH
HiE[). ARG EBNL, 2006,30(16):31-35,84.

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) :31-35,84.

Wi ERY: 2006-08-27; 4EEIHMA: 2006-11-18

EZEE N

A& (1974-), B, i+, S8, HAFTEAHLSH
RARLH/MEES. LHRATEMS. FmReHEA,
E-mail: 1ishenghu\2004@hotmail.com

(k4% 6 @ continued from page 6)
WANG Wei-jian. The Principle and Application of
Relaying Protection of Electrical Main Equip-
ments[M].Beijing: Cina Electric Power Press, 2002.

(2] BRER S EHREABRFIMLER: ERKEHR
#,2003.

CHEN Sheng-guiet al. The Relaying Protection of
Electric  Power  System[M].Chongging:Chongqing
University Press,2003.

(3] Yacamini R, Bronzeado H.Transformer Inrush Calcula-
tions Using a Coupled Electromagnetic Model{J]. IEEE
Proceedings,1994,141(6):491 — 498.

(4] ZE3ig, . v 25 1 2% Rl R 176 60 0 g e et A 4 07 S

- FU[N).4k H188,2002,30(6):29-32.
LI Ying-chao.et al. The Emulation and Analysis of the

Inrush and Malfunction Current of Power Transformer[J].

Relay, 2002, 30(6):29-32.
(5] EF,%. 775 M 5% bRk s oo R ik ke iy 30 i 1 SR 51

[71.75 HE #.88,2003,39 (6):11-14.
WANG Xue,et al. The Emulation and Analysis of the
Inrush and Malfunction Current of Power Trans-
former[J].High Voltage Electric Apparatus, 2003, 39(6):
11-14.

(6] 7#5,% .01 RE LB BRI B =2 K 2 R
AT EB R ZE,1997,34 (9):4-11.
FU Yang,et al.The Emulation and Analysis of the Inrush
of Three Phases Transformer Considering the Saturation
of Iron Core[J]. Transformer,1997, 34(9):14-11.

s A M. 2006-09-08;: #£[E Hi: 2006-12-01

fEETr:

Bim4E (1983-), %, MEHRL, ARFTOCHERL
gk &, 4k3#; E-mail:hzonx @yahoo.com.cn

¥ o (1960-), B, 8|3, AT @HLHRLE
ik, @ REGELRP,


http://www.cqvip.com

