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Fig.1 Schematic diagram of internal fault of power
transmission line with series compensation
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Fig.2 Composite sequence network of
single-phase grounding fault
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Fig.3 Relationship between sensitivity and
series compensation degree
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degree and transition resistance
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degree and power angle difference
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Fig.6 Operating trajectory under system fault

H I 6 T 24 2R G e A X IR B X A i i
I ARSI 4 L i 22 sh PR 3P O SRR B TR
RE 5 B Jh A= F O B 1), A SC 2 R 9 22 gl fR 4P 7
A RERE nT A5 Sl A | X Ul 1 Bl Fi O 22 3 DR 3 ) Al
RE 5 A7 RSifp R R 2 B b A DX DAYl e P L 3 22 8
I SR AN R BAE Bh  R)

4 {FEWIE

SR 56 E A SCHE R R R 2E s R &
H PSCAD/EMTDC A4 X6 £ 26 1 i) e 30t 22 sl AR B
R ZBGIEAT H I BB AN o



%18

R S T H R R B HL U 2 2l PR AP Bl R R e ek DR AP 5 1

D

REL 9 3ty 28 5 D) £f1 25 56 52 T 53 ¢ 2 I H 3 22 s R 4
B PR 25 43 T 22 sl O 30 8 s el b T O RO 22 sh AR R
B ZE AL T E R G WNE 7 Fios W R
Sy R RN B A B R, AR R, IE T IX P
Fy B X AMNS Fy, 5B R G H 500 KV DD ) 5 5
Al P A B A L B R R B | AR RN R A A R SR T R
BRCREERAM 26 AR S 500 . R,=0.0242 O/km R =
0.299 O/km,L; =0.294 Q/km,Lo=1.33 Q/km;M i
RGP (2GR, Z,=7.8 O, Zy=15 Q;N M R 5t
235 km L 10km

|
g [ p | roORR

At il

|

7 @R i i

7T HERSGHE

Fig.7 Schematic diagram of simulation system
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Table 1 Sensitivity of current differential protection under different series compensation degrees and transition resistances

K.n 1./ A . K. I/ A
A% LA RO e e st s || OE/% WA R e e s e
25 12.88 1.60 4.97 8.07 2.59 25 5.54 0.82 2.07 6.76 2.67
35 12.28 1.43 4.25 8.56 2.89 35 5.01 0.69 1.68 7.23 2.98
45 11.87 1.32 3.80 9.01 3.12 45 4.75 0.62 1.50 7.63 3.16
65 11.28 0 1.18 3.37 9.58 3.35 65 4.21 0 0.53 1.21 7.94 347
75 10.93 1.08 2.99 10.11 3.67 75 3.74 0.46 1.12 8.14 3.35
85 10.51 1.01 2.68 10.45 3.92 85 3.18 0.36 1.05 8.72 3.02
25 2.01 0.44 0.99 4.59 2.03 25 1.41 0.32 0.75 4.36 1.88
35 1.89 0.38 0.77 4.92 2.45 35 1.17 0.25 0.59 4.72 1.99
45 1.75 0.34 0.69 5.17 2.52 45 1.03 0.23 0.51 4.55 2.01
65 1.45 150 0.28 0.68 5.23 2.12 65 0.98 300 0.22 0.49 442 1.98
75 1.15 0.22 0.63 5.12 1.83 75 0.83 0.21 0.44 4.04 1.88
85 1.01 0.20 0.58 4.98 1.74 85 0.67 0.18 0.40 3.77 1.68
K2 AARZEYAEZEMBIETRREDIRPNREE
Table 2 Sensitivity of current differential protection under different values of power angle
difference and series compensation degrees
N K. 1./ A N— K.. 1./ A
WA YO g s dkm doks | % WA YO Sy ke okl SOk
25 5.85 0.49 1.00 12.02 5.86 25 6.12 0.56 1.22 10.84 5.01
35 5.56 0.45 0.91 12.22 6.10 35 5.90 0.54 1.12 10.99 5.25
45 5.01 0.44 0.87 11.45 5.74 45 5.76 0.52 1.04 11.05 5.52
65 4.85 %0 0.43 0.86 11.15 5.66 65 5.01 70 0.47 0.98 10.63 5.12
75 4.64 0.42 0.85 10.95 5.44 75 4.88 0.46 0.97 10.50 5.01
85 4.01 0.38 0.78 10.43 5.12 85 4.65 0.45 0.95 10.23 4.88
25 6.33 0.65 1.33 9.73 4.75 25 6.54 0.74 1.54 8.79 4.24
35 6.19 0.63 1.28 9.78 4.85 35 6.33 0.70 1.43 8.99 4.44
45 6.17 50 0.62 1.24 9.89 4.96 45 6.31 40 0.69 1.38 9.08 4.57
65 5.23 0.58 1.21 9.01 4.31 65 6.16 0.68 1.34 9.12 4.59
75 4.98 0.57 1.18 8.68 4.22 75 5.54 0.63 1.33 8.76 4.16
85 4.61 0.55 1.12 8.38 4.13 85 4.95 0.61 1.31 8.17 3.78
25 6.79 0.83 1.91 8.15 3.56 25 6.94 0.91 2.18 7.65 3.18
35 6.47 0.78 1.63 8.27 3.98 35 6.61 0.85 1.95 7.79 3.39
45 6.34 20 0.76 1.58 8.32 4.02 45 6.43 20 0.82 1.81 7.88 3.54
65 6.20 0.74 1.47 8.41 4.22 65 6.21 0.81 1.67 7.63 3.72
75 5.88 0.73 1.43 8.01 4.10 75 6.10 0.80 1.66 7.58 3.68
85 547 0.70 141 7.78 3.87 85 5.92 0.79 1.65 7.49 3.58
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Table 3 Sensitivity of current differential protection under different series compensation degrees and fault points

. Ko 1./ A . N Ko 1./ A

WAL/ % /A B e ke s o | TR % /A R e e sk Sk
25 2.72 054 113 500 241 25 2.73 050 099 550 275
35 2.71 053 106 512 256 35 2.66 045 091 585 292
45 2.70 - 050 103 543 26l 45 2.63 - 045 089 587 294
65 2.74 : 045 092 613 298 65 2.49 : 042 084 590 295
75 2.72 045 092 603 295 75 244 042 084 584 292
85 245 044 090 556 271 85 2.17 040 080 542 270
25 227 073 131 310 173 25 0.23 008 0.5 3.0l 1.50
35 2.26 0.61 128 372 176 35 0.23 007 0.4 337 1.68
45 225 B 058 121 390 186 45 0.22 v 006 0.3 354 176
65 222 ? 0.54 113 411 1.96 65 0.21 ¢ 0.05 0.10 416  2.18
75 2.12 0.51 1.09 412 195 75 0.20 005 009 412 212
85 1.95 050 107 390 18I 85 0.18 005 009 369 192
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Analysis of current differential protection maloperation in power transmission line
with high series compensation and corresponding improved protection method
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Abstract.: High series capacitor compensation device is more and more widely applied in EHV power
transmission system. With the complex interconnection of multiple power systems,the system impedance in the
back of transmission line with high series compensation maybe smaller in a certain operating mode,thus the
fault current may reverse during the internal line fault,due to which,the current differential protection in
transmission line with high series compensation may be rejected because of the lack of sensitivity. On this
basis,the reasons of current reversion in power transmission line with high series compensation and its effect
on differential protection are analyzed. The operation characteristics of differential protection under the
multiple factors such as different series compensation degree,power angle difference and transition resistance
are emphatically studied. Furthermore,the improved criteria based on the current amplitudes and phases at
both sides of power transmission line with high series compensation are proposed to avoid the maloperation of
current differential protection,which effectively improve the low protection sensitivity during the internal fault
of transmission line with high series compensation. The simulative results show that the improvement scheme
can obviously increase the protection sensitivity.

Key words: EHV power transmission line; current

series compensation equipment; reverse current;

differential protection; sensitivity analysis



