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Study on Design and Reactive Power Compensation of AC Filter for
Multi-terminal DC Transmission Project
CAO Yang, REN Junhui, ZHANG Wanrong, DANG Rui
(Xi’an XD Power System Co., Ltd., Xi’an 710075, China)

Abstract: Multi - terminal DC transmission system is an effective technology to achieve cross - regional
interconnection of multiple energy and load centers, and it has strong competitiveness in both technical and
economical aspects. In this paper, a overseas multi - terminal DC transmission project constructed by
Chinese enterprises is taken as an example, the design and reactive power compensation of the AC filter for
multi-terminal DC transmission project are studied. A converter station in this project is a weak AC system
with high requirement to voltage stability. The nominal frequency of the converter station is 60 Hz. The IT
product, the performance index of North American practice,is adopted in the design of the AC filter. In this
paper, the difference between multi-terminal and double-terminal system as well as the hypothetical loop
structure of IT product are introduced. On this basis,an AC filter meeting the performance requirements are
designed and reactive power compensation is studied for the weak AC system of the the converter station.
The research results in this paper have a certain reference for the final determination of the practical
engineering AC filter scheme.
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Fig. 1 Structural principle diagram of multi-terminal
system
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Table 1 Performance limit requirements

D, THD TIF 1T
0.5% 1.5% 40.0 20 000.0
22 EKERRITE
DR &
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REFESELE 2-3,

R2 XREFLIESH
Table 2 Main parameters of AC system
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Table 3 Main parameters of DC system
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15
1 500 £500 1 500
(12.5~17.5)
PARANERAE S

i fe A TSR IR TR R L 4

F4 BERRITESER

Table 4 Calculation result of harmonic current

R 20% Iw/A 50% In/A 100% In/A
1 487.49 1250.72 2 605.33
2 0.17 0.34 0.63
3 0.73 291 7.93
4 0.17 0.34 0.57
5 0.36 1.64 425
6 0.20 0.42 0.74
7 0.35 1.66 3.93
8 0.17 0.32 0.46
9 0.70 251 5.65
10 0.16 0.28 0.38
11 42.87 95.51 138.94
12 0.19 0.37 0.45
13 35.78 75.01 91.54
14 0.15 0.23 0.21
15 0.66 2.11 3.35
16 0.15 0.22 0.13
17 0.32 1.07 1.99
18 0.17 0.25 0.07
19 0.32 1.07 1.63

20 0.14 0.17 0.09
21 0.58 1.37 1.90
22 0.14 0.13 0.11
23 18.00 21.65 25.22
24 0.16 0.13 0.19
25 16.05 15.93 23.39
26 0.13 0.08 0.14
27 0.52 1.02 1.78
28 0.12 0.06 0.13
29 0.26 0.50 1.11
30 0.14 0.05 0.16
31 0.27 0.52 1.04
32 0.11 0.05 0.11
33 0.43 0.70 1.40
34 0.11 0.06 0.08
35 9.22 7.92 9.96
36 0.12 0.09 0.07
37 8.26 7.63 8.85
38 0.09 0.07 0.06
39 0.37 0.68 1.12
40 0.09 0.07 0.06
41 0.19 0.38 0.73
42 0.10 0.09 0.09
43 0.20 0.44 0.72
44 0.07 0.08 0.07
45 0.29 0.60 1.07
46 0.07 0.07 0.08
47 4.52 6.12 7.60
48 0.08 0.10 0.12
49 3.97 5.78 7.28
50 0.06 0.07 0.08
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Fig. 2 Principle diagram of performance calculation
circuit
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Table 5 AC filter configuration

Sk TR UG AR/INH S
HP11/24 HP13/36 HP3 SC
HLZ C, /mF 1.552 1.554 1.561 1.561
ML /mH  17.430 9.781 563.280 1.800
25 Cy/mF 2.420 1.370 12.491 —
By L/mH  11.177 11.098 — —
FFHR /W 800.000  800.000 2 000.000 —
Z5H/Mvar  85.000  85.000  85.000  85.000
IINL B 4 3 2 1
C, L
L, R,
i 5

B3 HP11/24 71 HP13/36 & if 25 A B B
Fig.3 Circuit diagrams of HP11/24 and HP13/36 filters
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Fig. 4 Circuit diagram of HP3 filter
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Table 6 Maximum performance results of AC filter

PEREZR IHRAR FRAKE
Ds/% 0.43 0.50
Ds/% 0.25 0.50
Da/% 0.38/2 0.50

Dai 1% 0.49/11 0.50

THD /% 0.79 1.50
TIF 39.97 40.00
IT 12549.20 20 000.00
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Table 7 Reactive power balance table at low power

T8 Qu Quc Quin Q-
HRIEAT,20% Py (a=25°) 100 260  2x85 582
XARIZLT ,20% Py 100 983  3x85 788
WAHIETT , 30% Py 100 202.1 3x85 -15.7

WHIZTT , 50% Py 100 3657 5%x85 8.3

M2 7 5 2598, 3 b 28 B 1T . 20% Py
THF, T B RO MR B W Y e, h
78.8 Mvar, iZ4fe i vl o] L B 2 41 +60 Mvar )50
UMz & LA 2 RS T2k

Bl & A U AME R B G , RS TCT 38 i Bl
WK 8, fER G I HRBE I ITEFIZ N



2024 4F55 4 1

EWILRES AE P RvIE N

Fa5%

RS REETINIZHAE

Table 8 Reactive power exchange capacity of system

T Qe Que 0. 0.  BRME
s Ix60  96.7
WHIBFT,20% Py 385  98.3 100
2x60  36.7
WHLIBEAT,30% Py 3x85  202.1  — 529 100
WAHELT,50% Py 5X85 3657  — 593 100

WHIZEAT, 100% Py 9%85  905.9 -1x60 -80.9 150
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