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Simulation method of defining the area in which the distance protection affected by the
series compensation capacitor

LIU Yi, LIU Hanwei, MEI Tao
(Southwest Electric Power Design Institute Co., Ltd., China Power Engineering Consulting Group, Chengdu 610021, China)

Abstract: There are many papers researching on series capacitor’s effect on distance protection in recent years, but few
papers researching on the area in which the distance protection affected by the series compensation capacitor. This paper
firstly analyzes the effect of series compensation capacitor to distance protection, secondly presents a simulation method
of defining the area in which the distance protection affected by the series compensation capacitor based on the short
circuit current protection. The validity of the simulation method is proved by comparatively analyzing the result of

theoretical calculation and simulation calculation. At last, taking a specific engineering as an example, the paper defines

the area in which the distance protection affected by the series compensation capacitor by using the simulation.
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Fig. 1 Fault in series compensation capacitor line
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Fig. 2 Zone 1 impedance circle of distance protection at point P
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Fig. 3 Series compensation capacitor’s effect to adjacent line
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Fig. 4 Zone 1 impedance circle of distance protection at
point Q and R
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Table 1 Related line’s parameter

LR K FLL 2k B (bR 4 AED)

0—D—-. %k 0.0002-+0.003
E—D--. %k 0.0007+0.0127
D—L--. %k 0.0005+0.0103
E—G--. %k 0.0001+0.002
E—F . —% 0.0009+0.0155
BE—H . %k 0.0007+0.0102
I-H—. % 0.0004+0.0051
-], % 0.0007+0.0102
O—N-—-. %k 0.0002+0.0041
M—N -, % 0.0001+0.0031
S—N-—. % 0.0002+0.0039
M—L . % 0.0002+0.0041
I-L-—. %k 0.0002+0.0052
I-K . % 0.0001+0.002
L—K-—-. %k 0.0002+0.0041
V—K - Tk 0.0002+0.0041
V—U--. %k 0.0002+0.0041
O—R . % 0.0005+0.0093
T—R-—. %k 0.0002+0.0041
T—U--. %k 0.0003+0.0046
T—Y . "%k 0.0009+0.011
0—Q . %k 0.0001+0.0015
0—P . % 0.0009+0.0122
D—C . % 0.0005+0.008
B—C-—. % 0.0005+0.008
A—B . "%k 0.0004-+0.0056
X—V -, Ttk 0.0004+0.008
W—V -, % 0.0001+0.0015
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Fig. 5 System connection diagram
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Fig. 6 Diagram of the most serious operation mode
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Fig. 7 Zone 1 impedance circle of distance protection
at point P2, P3 and P4
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Fig. 9 Equivalent impedance diagram

M 9wl R R
U, —(0.0004 +0.0056) I, =
U, —(0.0004 +0.0056) I, = (27)
(I, + 1,)x (0.00025 +0.002j — 0.004)
hX@7)a 40, P1. P2 A ERHATA
Z,, =U, /1, =0.0009 +0.0016] (28)
Zy, =[U, —(0.0004 +0.0056]) 1,]/(~1,) =
—0.0005 +0.004]
(3) KRR BB s e YR, I
L) o

(29)

I, =22.10£-54.4 (30)
U, =0.053£-107.8 31)
I,, = 22.03/125.6 (32)
U,, =0.167£-136.6 (33)

B P1. P2 LRGP vHECH IR BHBT 43550 4



& 0% EP DA

- 88 -
ZH=L@J4”=0mn44—5a4= G
0.0014 —0.0019;
Zp, =U,, /1, =0.0076.£97.8 = as)
—0.001+0.0075j
AR B o My BV SRR BT A R, A
TELEVFR I IR R s 7 B E B e /N g OR8]

H/NBEPUZLIA 0.0001)). PIE L5 A B NAE, )
AR S B s YRS AT AN, 2 B B S
JEIE, AN T O r s s e AR, A 1.1
AT Ei e — 8.

T AR B A SRR (B 10) T, A
o BRI A SO IR G H ), 4 k2
RSB, P1 . P2 AR S BT
B o B NS T R AR S o 7 BLH (5 LS B 3
PO, PLy P2 [P 5 BHATAE 20 JiAE 25 DY S BN 265
R WEERS, Airs), (HEREE k2 sl D
w530, P1.P2 I E PRIt 8) 2 S EIR P RS .

A X
0.0045;j

R

10 P1. P2 6% | ERFEIEER REE
Fig. 10 Zone 1 impedance circle of distance protection at
point P1 and P2

3.2 £RGZHME
KH 3.1 WAHR T, R R R i
P TS LT, Nl S L RS B R, &

Pt SR E R BT AR 2 frs .

CRE AR, BHE T BURY 2 AR
(3 = R 11 B o

=R E
ks A0

11 ZEHR4E
Fig. 11 Area in which the distance protection affected

AT E E

by the series compensation capacitor

11 ot e A Rt 4 32 ERIERA M FRLA R 5%

Wi, ity SO 1 DI HY R IR A ER AR
R BT AT IR AT B S O e, DU s
WRAM 2 U0 B B ORGP I R IR B B R S

4 g

ALY AT T D LT ER AN A 2 i A A
[WLe it i B DR K5, REMdR T T it LR
THELIEE PRI 32 3 A HL A i i [ ) TRE i, 1%
JIEREMSEHER MR 3 525 I BB OR A7, Bk
it S C A AN ORGP Rt AR S PR R R
AR SCIE I vty R LT B 7 M AN L S 4
ST b, TR L 38T IR T 05 55 I IR

%2 BPA (TEMHIRXEMEAZFTER R RREREIRRER
Table 2 Voltage and current calculated by using the simulation method on BPA

\ o BB Bk )
e FRH LI (RT3 B PR
W | A | ke Wi W H il i il s
T 18} 0.344 5 —48.436 19311 —74.005 0.0177 0.008 5 0.000 3 0.004 6
T R 0.344 5 —48.436 6.9353 -58.296 0.005 4 0.0009 0.000 2 0.004 1
T Y 0.344 5 —48.436 5.586 6 122.099 -0.006 7 -0.0011 0.0009 0.011
F E 0.5593 -37.564 43195 —73.148 0.0116 0.008 3 0.0009 0.0155
P (6] 0.5598 -117.603 3.3042 -51.908 0.007 7 -0.0170 0.0009 0.0122
(6] Q 0.8955 —128.884 42322 124.597 —-0.006 6 0.0223 0.000 1 0.001 5
(6] N 0.8955 —128.884 6.878 6 128.005 -0.0032 0.0139 0.000 2 0.004 1
(6] R 0.8955 —128.884 7.5727 122.088 -0.004 2 0.0123 0.000 5 0.009 3
(6] P 0.8955 —128.884 3.2017 127.518 -0.007 2 0.0299 0.0009 0.0122
(6] D 0.8955 —128.884 24.78 -55.03 0.001 1 -0.003 8 0.000 2 0.003
D L 1.5492 —137.469 10.898 5 126.015 -0.001 8 0.0155 0.000 5 0.0103
D (6] 1.5492 —137.469 247334 124.949 -0.0009 0.006 8 0.000 2 0.003




X R, B P DR AP S HR I P AR T X A - 89 -
Bik2
. . - S ALV TN LI T N
S A LR R LB L LT
H ¥ R S B ARSI LN ARSI H B Hgit LR Hgit
D E 1.549 2 —-137.469 9.8136 122.705 -0.003 0 0.017 1 0.000 7 0.0127
N S 0.6515 -122.681 3.1384 120.894 -0.0102 0.020 4 0.000 2 0.003 9
N M 0.6515 -122.681 2.304 5 133.927 -0.007 2 0.0303 0.000 1 0.003 1
N (0] 0.6515 -122.681 6.917 6 -51.904 0.003 4 -0.009 8 0.000 2 0.004 1
18] T 0.3126 -61.483 1.9372 105.488 -0.0173 -0.004 0 0.000 3 0.004 6
S N 0.556 6 -117.044 3.160 7 -58.883 0.0102 -0.016 5 0.000 2 0.0039
L K 0.556 6 -120.279 6.457 129.951 -0.003 2 0.008 9 0.000 2 0.004 1
L 1 0.556 6 -120.279 4.8503 122.76 -0.0057 0.0113 0.000 2 0.005 2
L M 0.556 6 -120.279 0.8953 -40.637 0.0123 -0.067 3 0.000 2 0.004 1
L D 0.556 6 -120.279 11.022 -53.86 0.002 2 -0.005 1 0.000 5 0.0103
M N 0.588 7 -121.017 2.328 1 -45.926 0.007 2 -0.026 9 0.000 1 0.003 1
M L 0.588 7 -121.017 0.865 8 139.02 -0.0129 0.0737 0.000 2 0.004 1
R O 0.3827 -89.737 7.6353 -57.636 0.004 7 -0.002 9 0.000 5 0.009 3
R T 0.3827 -89.737 6.931 6 121.557 -0.0052 0.003 2 0.000 2 0.004 1
\4 K 0.299 1 -71.014 5.162 -71.524 0.006 4 0.000 1 0.000 2 0.004 1
\4 18] 0.299 1 -71.014 1.3275 102.829 -0.024 6 -0.002 7 0.000 2 0.004 1
\4 w 0.299 1 -71.014 0.9342 119.057 -0.0347 0.006 2 0.000 1 0.001 5
\4 X 0.299 1 -71.014 2.898 5 108.057 -0.0113 -0.000 2 0.000 4 0.008
w \4 0.298 -68.636 0.9351 -60.591 0.0347 -0.004 9 0.000 1 0.001 5
K 1 0.346 1 -104.777 1.648 4 13.882 -0.0111 -0.020 3 0.000 1 0.002
K L 0.346 1 -104.777 6.478 1 -49.959 0.0034 -0.004 8 0.000 2 0.004 1
K \4 0.346 1 -104.777 5.1571 108.305 -0.006 2 0.004 0 0.000 2 0.004 1
1 K 0.3725 -102.802 1.640 1 -165.967 0.0113 0.0223 0.000 1 0.002
1 H 0.3725 -102.802 0.666 9 -8.363 -0.004 8 -0.061 3 0.000 4 0.005 1
1 L 0.3725 -102.802 4.8753 -57.043 0.0059 -0.006 0 0.000 2 0.005 2
1 J 0.3725 -102.802 4.7575 108.598 -0.007 4 0.004 5 0.000 7 0.0102
H 1 0.403 -102.8 0.6429 171.803 0.005 5 0.068 7 0.000 4 0.005 1
H E 0.403 -102.8 1.107 4 -27.939 0.0105 -0.038 6 0.000 7 0.0102
X \4 0.3756 -36.883 2.8872 -71.313 0.0118 0.008 1 0.000 4 0.008
Q O 0.842 8 —-127.547 4.248 3 -55.336 0.006 7 -0.020 8 0.000 1 0.001 5
Y T 0.724 7 0.198 5.536 4 -57.339 0.007 7 0.012 1 0.000 9 0.011
J 1 0.426 4 -35.765 4.754 3 =70.907 0.008 1 0.005 7 0.000 7 0.0102
E H 0.499 1 -106.645 1.053 1 151.377 -0.0108 0.0510 0.000 7 0.0102
E F 0.499 1 -106.645 4.281 106.817 -0.0107 0.007 1 0.000 9 0.0155
E D 0.499 1 -106.645 9.968 -57.02 0.003 6 -0.004 2 0.000 7 0.0127
E G 0.499 1 -106.645 3.6773 128.615 -0.008 5 0.0123 0.000 1 0.002
G E 0.4479 -101.41 3.6847 -51.298 0.008 6 -0.0103 0.000 1 0.002
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