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Fig.1 Transmission line configuration based on
frequency-dependent line model

SCHRT 22 ] 45 Hh i R 2 6 0 i 4 1) 002 A
FFASLIE, , DR AR TR 220 W% 1 % 3t S 490 B9 A28 4
Pho 26 1 N HOMURE R Bo) B (7 X 30 3 40 (L, M UL FL 4
BT R ORI AS LR 1Y 10 A7, B X i L A A
ZXERIN 25.86 1

F1 HWBRKRKREBMLSH
Table 1 Unit admittance of frequency-
dependent transmission line model
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Fig.2 Frequency dependence of transmission line
resistance and transmission line inductance
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Fig.6 Comparison of impedance modeling and fre-
quency sweeping results of the DC grid with cables
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teristics of different impedance models
and frequency sweeping results
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Fig.9 Comparison of the amplitude-frequency charac-
teristics of the DC grid with cables and overhead lines

PO rb BT e AU A VA (L R Tl B A
GrVAGN, AR5 2 I H ) A S5 28055 6 BEL B T {46
R THGTE R M AR SR AR H 2L
SEMHRHT IR E 1R O B TR DR MR B O AR
B P 2 L IR FEL P B L 3 ) R A TR gy T

DRASER IR AL Mo H g T, AE MMC 8 B v 25
TECFELHITR] , P 20 T R, RS ) 0 (L YL oy T 2
AR EIR LR
32 HREMXESHMNEHBMETLEREN
PR A R 2 M

A MMC B H ORI, X B 23 A B IAE A 19 5%
SR 22 A Xl v 5 R S A R R ) R A
FURZNED , i — A0 B R A TR () TE A 1, I DLty HE i
WP SRS R A A 2 ol el 1o il o P O PO 2o

FET 2.3 9914 B L I BELBT A RT LA AT
FRLJEEOX AR P A9 R I 45 2R, R 10 s . i
10 R, Bl R PR JEAEL R S 0, AT H R P 0 B
MRS 5 EL S A B A AR ) 2 A, A48
UL FL P AR P PR A2 A B AR s SR LR A A

100
m
= 50
b
LEEE-

0 1 1 1 1 ]

10" 10° 10 10 10° 10*

$Z/Hz
(a) FEZEEIAM
100

Mg {t/dB
3

10" 10° 10" 10° 10° 10
B Hz
(b) BE7=ER ELIAHL Y
50 mF 100 mF —— 150 mF —— 200 mF
B 10 HrE e B IE ST 4 A0 22 1
Fig.10 Influence of arm inductance on
amplitude-frequency characteristics

F RIS S0 R R, H A e 0 T 114 2
o FRL UL ) R A TR DR M R R U (L Y 0
T e PO g 1S e v JERE 2 R R SRR R
WA B, P 45 3 P O A s b, 3 X A7 L SRR A2 £
R

SCHR[ 28 1415 Hh il Bt FL 3L 99 b T 3 A g g e [m]
BB O, HUBUR LE R & AN v g L oF- 3¢
HLBT i S 0K B 2 M0 LAY W) LU P I 8 S S
EHUE I 2 R, FE b A BE, LA A L H
SRR T2 s 2o A R G R I S B 2 M 7
PRS2 2 B AL 19 25 A0 L SRR R TR 50/ D, %) L 4
EER/IGEN AT O N e B A kR G EAL PO PR S
SR L U

4 {HEWIE
1o LR FLIAL 28 46 HH i DL e B SIS TR ) 358 B A 32



& AH) ALK 106

G I e ] Rt % R BN DT 2, L vl AR ) R B B ™
3T PSCAD/EMTDC Ht MMC R Bk WL 2
8 1 AR (1) et B A B A A 0 LI, RS BN K 2
Fs, Horp L, MMC B HLJER Coy i MMC 45
P 5 Roy o MMC B3 S 58 FLBH 5 Ny o MMC
P FREH SR, , L4300 MMC ] 2 Y FL 3T
2 LS 22 b BoF 74 2 b e OEL R e P R, 40 9 3l 1]
BEE 200 km %y o 2 2, B 7] 0 B il s 15 B 7R 2R % b
JEL BT B 1 S T DR A A P e L
®2 MREBIHETRENSH

Table 2 Parameters of the symmetrical
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Fig.11  Simulation results comparison of fault currents
of the DC grid with cables and overhead lines
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Table 3 Comparison of calculation
delay and simulation delay
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Impedance modeling of DC grid considering the frequency-dependent

characteristics of cable and overhead line parameters
CHEN Siwei', LI Baohong', LIU Tianqgi', HE Chuan', ZHANG Min*, WANG Tengxin’
(1. College of Electrical Engineering,Sichuan University , Chengdu 610065, China;

2. State Grid Shanxi Electric Power Company Research Institute, Taiyuan 030001, China)
Abstract ; The fault characteristics of direct current (DC) grids can be analyzed by addressing the grid damping characteristics.
However, the frequency-dependent characteristics of the transmission line parameters are usually ignored in the conventional
grid impedance modeling methods , which cannot accurately reflect the grid damping characteristics. To compare and analyze the
fault currents characteristics of the DC grids with cables and overhead lines, an impedance model of DC grid considering the
frequency-dependent characteristics of the transmission line parameters based on vector fitting is proposed in this paper. Then,
the proposed model is applied to compare and analyze the fault current features including time delays, initial rising rates and
amplitudes of the DC grids with cables and overhead lines. Meanwhile,the impacts of the DC grids key parameters on the fault
current characteristics of the two DC grids are investigated. Compared with the sweeping results of the frequency-dependent line
model, the proposed model performs well in reflecting the damping characteristic of the DC grid, where the root square error is
less than 0.6, informing that the proposed model is much more accurate than the simplified model. Finally, the simulation is
conducted in a symmetrical monopolar two-terminal DC grid with pole-to-pole fault. The simulation results show that the fault
current rising rate of the DC grid with cables is 24.96% higher than that of the DC grid with overhead lines when the arm
inductance is increased, which validates that the fault currents of the DC grids with cables are more sensitive to the inductive
key parameters than the DC grids with overhead lines.
Keywords : frequency-dependent characteristics ; vector fitting ; impedance modeling; direct current ( DC) grid with cables; DC

grid with overhead lines ;fault current
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