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Influence of AC transmission lines on parallelly erected +500 kV HVDC double circuit transmission lines
and suppression measure

LI Tao®, LI Xin-nian®, JIANG Wei-ping', GAO Jian?
(1.China Electric Power Research Institute, Beijing 100192, China;
2.Tianjin Electric Power Engineering Supervision Co.Ltd, Tianjin 300143, China)

Abstract: According to the main circuit parameters of £500 kV HVDC project from Three Gorges to Shanghai II and the typical data
of 500 kV AC transmission line in east of China, the model for simulation of AC/HVDC transmission lines is built by electro-magnetic
transient in DC System (EMTDC) program. The effects of different conductor disposal schemes of DC lines and different HYDC
operation modes on parallel AC/DC transmission lines are researched. The DC bias current at valve side of converter transformer is
researched, and the corresponding calculation results are given. Several suggestions on the parallel length between AC and HVDC
lines, their adjacent distance and the measure to suppress the DC bias current at valve side of converter transformer are put forward.
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Fig.1 AC/DC parallel transmission system
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Tab.1 Parameters of conductor and ground wire for £500 kV

DC line
o H & B B
FHMYS 4X ACSR-720/50  GJ-80
FESMElem 3.623 1.14
T (Q/km) 0.039 84 1.566 7
4y %41A) fi/em 50
B EEE ) m WE 2 465
JRaE/mM 18 14
KPR, (Qm) 100.0

2 500 kV XML BLELEITES S, ESH
Tab.2 Parameters conductor and ground wire for single circuit

500 kV AC line
moH & B s b 2k
FERAT 4XLGJ500/35  JLB4-150
Sk AHMzlem 3.0 1.576
AL (Q/km) 0.058 12 0.295
Sy E Bem 45
B L m WK 2 45
JAT/m 15.0 10
KT HpH 2 (Qm) 100.0
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Fig.2 Tower geometry structure of UHVAC/HVDC
transmission lines
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Fig.3 Conductor disposal schemes of £500 kV double circuit
DC lines
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Tab.3 Induced component of DC lines under a disposal scheme
(horizontal configuration)

K R AR

E/kV
L& 22 AN E R ACTE-V

Uger 50/KV lger sof A Ugei 50/KV lgei s/ A

1 HVDC1P2 4.24 0.69 7.79 0.05 0.63
2 HVDC1P1 3.34 0.58 517 0.07 1.34
3 HVDC2P1 3.66 0.88 4.86 0.43 0.44
4 HVDC2P2 3.13 0.79 3.63 0.49 1.46
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Tab.4 Induced component of DC lines under a disposal scheme
(vertical configuration)

TR P AR S
E/kV
W FLALE BRI Uder 50KV laer s0/A Ugei_so/KV  laci so/A
1 HVDC1P2 4.23 0.64 7.86 0.03 0.50
2 HVDC2P1 3.32 0.91 5.14 0.56 2.31
3 HVDC1P1 3.65 0.77 5.38 0.07 0.77
4 HVDC2P2 3.11 0.89 3.42 0.58 2.12

x5 b ARKEGETEEERLIMBN S BN HTHEER
Tab.5 Induced component of DC lines under b disposal scheme
Chorizontal configuration)

TR S AR,
— BV
WP E B Uder 50/KV lder s0/A Ugeiso/KV  laci_so/A
1 HVDC1P2 4.23 0.70 7.79 0.04 0.59
2 HVDC1P1 3.34 0.54 5.08 0.05 1.29
3 HVDC2P2 3.66 0.86 4.72 0.20 0.59
4 HVDC2P1 3.13 0.76 3.50 0.20 1.27
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Tab.6 Induced component of DC lines under ¢ disposal scheme
(vertical configuration)

TR Aok WA
E/kV
WP E BRI Uder s0/KV  laer so/A Ugei s0/KV - laci_so/ A
1 HVDC1P2 4.23 0.65 7.87 0.02 0.52
2 HVDC2P2 3.32 0.86 5.19 0.61 248
3 HVDC1P1 3.65 0.62 5.41 0.07 0.70
4 HVDC2P1 3.10 0.84 3.32 0.55 1.98
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Tab.7 Induced component of DC lines under d disposal scheme
(vertical configuration)

TR ik AR v
E/kV
WS HRRE Uders0/KV  laer so/A Uei_s0/KV - laci_so/ A
1 HVDC1P1 4.23 0.64 7.93 0.07 0.54
2 HVDC2P1 3.32 0.83 5.11 0.55 2.28
3 HVDC1P2 3.65 0.59 5.24 0.03 0.73
4 HVDC2P2 3.10 0.84 3.39 0.58 214
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Tab.8 Induced component of DC lines under different HYDC
operation modes
HVDCL # 1 3% HVDCL % 1 3485
Uger 50KV laer s0/A  Ugei solkV  gei_so/A

HWRAZAT L

HVDC1 HVDC2

BP BP 3.34 0.54 5.08 0.05 1.29
BP P2MR 3.31 0.59 5.52 0.18 3.01
BP P2GR 3.33 0.60 5.89 0.09 1.85
BP iz 3.34 0.71 6.83 0.07 1.57
P2MR BP 3.04 0.00 0.00 0.00 0.00
P2MR  P2MR 2.99 0.00 0.00 0.00 0.00
P2MR  P2GR 2.99 0.00 0.00 0.00 0.00
P2MR iz 2.92 0.00 0.00 0.00 0.00
P2GR BP 3.32 0.00 0.00 0.00 0.00
P2GR  P2MR 3.21 0.00 0.00 0.00 0.00
P2GR P2GR 3.30 0.00 0.00 0.00 0.00
P2GR iz 3.32 0.00 0.00 0.00 0.00

F 10 FRERIEITARN T LMBEAN S EHITEER
Tab.10 Induced component of DC lines under different HVDC
operation modes

HRIZAT L HVDC2 % 1 33k HVDC2 % 1 348
HVDC1 HVDC2 Uder 50KV laer so/A  Ugci so/KV  lgei solA
BP BP 313 0.76 3.50 0.20 127
BP  P2MR 2.95 1.54 0.00 0.23 0.00
BP  P2GR 311 0.00 0.00 0.00 0.00
BP 5 3.13 0.00 0.00 0.00 0.00
P2MR  BP  3.06 0.92 457 1.20 4.07
P2MR P2MR 2.89 0.00 0.00 0.00 0.00
P2MR P2GR 2.96 0.00 0.00 0.00 0.00
P2MR  {Fiz 291 0.00 0.00 0.00 0.00
P2GR  BP 313 0.94 4.63 0.36 1.98
P2GR  P2MR 290 0.00 0.00 0.00 0.00
P2GR P2GR 3.09 0.00 0.00 0.00 0.00
P2GR  f#iz 312 0.00 0.00 0.00 0.00
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Tab.11 Induced component of DC lines under different HYDC
operation modes
ELRIEAT T Ely HVDC2 % 2 %k  HVDC2 #% 2 AR
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Tab.9 Induced component of DC lines under different HYDC

operation modes
v HVDC1 #% 2 #jish  HVDCL B 2 AR
Uder 50KV laor so/A Ugei 50KV laci_so/A

Bzt T
HVDC1 HVDC2

BP BP 4.23 0.70 7.79 0.04 0.59
BP P2MR 421 0.75 8.19 0.13 1.30
BP P2GR  4.23 0.75 8.13 0.06 0.62
BP (G5 4.23 0.85 9.52 0.07 0.84
P2MR BP 4.00 1.99 5.31 0.49 6.47
P2MR P2MR  3.95 2.03 5.83 0.36 5.12
P2ZMR  P2GR  3.96 2.15 5.56 0.49 6.64
P2MR  fFiz 3.90 2.47 6.50 0.50 6.84
P2GR BP 4.20 0.52 8.53 0.07 1.57
P2GR P2MR  4.16 0.53 8.69 0.06 1.01
P2GR P2GR  4.19 0.51 9.09 0.07 1.40
P2GR iz 4.19 0.64 11.01 0.12 2.06

HVDC1 HVDC2 Uder 50KV laer so/A  Ugci 50KV lgei solA
BP BP 366 0.86 4.72 0.20 0.59
BP  P2MR 351 112 2.98 0.73 413
BP  P2GR 3.63 0.47 5.52 0.13 1.31
BP 538 3.68 0.00 0.00 0.00 0.00
P2MR  BP 3.0 1.08 5.58 0.88 2.76
P2MR P2MR 3.45 1.30 3.60 0.29 1.69
P2MR P2GR 357 0.48 5.65 0.30 2.69
P2MR  {¥iz 348 0.00 0.00 0.00 0.00
P2GR  BP 365 1.02 5.17 0.35 0.93
P2GR P2MR 347 1.23 3.17 0.78 4.43
P2GR P2GR 3.2 0.50 6.29 0.11 1.09
P2GR {3 3.7 0.00 0.00 0.00 0.00
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Tab.12 The calculation result of max value of DC bias current

of converter transformer at valve side in inverter station

LA LU A

e
Lactode= Lacto-de= Lacto-de= Lactode™ Lactode™ Lacto-de= Lacto-de=

B ES/m
20km 40km 60km 80km 100km 120km 140 km

40 3.27 6.32 9.07 1235 1537 1830 21.21
50 2.55 4.83 7.12 9.37 11.63 1381 15.96
60 1.97 3.69 5.39 7.06 8.84 10.34  11.97
70 1.65 3.08 4.47 5.86 7.26 8.57 9.88
80 1.55 2.88 4.17 5.45 6.72 7.98 9.17
90 1.44 2.63 3.83 5.00 6.15 7.30 8.40
100 1.35 2.43 3.54 4.62 5.69 6.71 7.75
120 1.17 2.09 3.03 3.93 4.84 5.73 6.60
140 1.05 1.85 2.69 3.48 4.29 5.06 5.82
160 0.95 1.66 2.39 3.10 3.80 4.49 5.17
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Tab.13 Calculation results of induced component and DC bias
current under AC line transposition

ik SN A
SETAT 4B ) K3
. E/KV Ugso/KV  lgsol A lig/A Ugiso/KV  Liisg/ A lig/A
PR B km
120 491 170 11431034 038 228 1.88
60+60 264 091 6.21 557 020 121 0.99
40+40+40 0.14 005 042 036 010 058 0.48
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Tab.14 Calculation results of induced component and DC bias
current when power frequency blocking filters are applied at

neutral line
VAT LB Hem AR
BF E/kV
K JE/km UgersolkV sl A T/ A UgeisolkV  lgeisol A lig/ A

120 G 491 1.70 11.43 1034 0.38 228 1.88
120 497  4.09 577 357 4.04 6.82 3.46
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