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Series resonance analysis based on improved dummy branch method for
high-speed railway traction network
WANG Bin,QIU Zhongcai, HAN Xudong,JIANG Xiaofeng, GAO Shibin
(School of Electrical Engineering,Southwest Jiaotong University, Chengdu 610031, China)
Abstract: A method of series resonance analysis based on the improved dummy branch method is proposed,
which equals the non-ideal harmonic voltage source with the combination of equivalent impedance and Norton
circuit,replaces the loop impedance matrix with the correlation matrix obtained by the node admittance
matrix to analyze the series resonance,and applies the branch method to obtain the branch current response
for calculating the series resonance frequency and amplitude to effectively avoid the large dimension of the
node admittance matrix. The proposed method is used to analyze the series resonance of high-speed railway
traction network and the analytical results show its correctness and effectiveness.

Key words: dummy branch method; high-speed railway; series resonance; branch method; electric traction
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Fig.1 Schematic diagram of OLT system without DC line
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Fig.3 Uy waveform of OLT without DC line when a=120°

BT AE Vi RIWTE U BT E
SR TR G BB I, U 92 PR S G218 S iR
AR T e S ARG | AR TR T L T i ]
M) TR B0 A8 7 D R A 9P A 2 4% i S 3 I 220 %
O PR 2 LA R P I AR AH 25, R T I Vs B B AR FE
JE Up, Vs 1 I T A5, Vs S WTIHIE] 9 20 M i 2 5
Vs H1R], Up BB RS A MLt 33 5 2K (7) TR, 2%
AW A2 DL e A3 U, BB 4 s

200
<150
=S
100
2.00 2.05 2.10 2.15 2.20
t/s

Bl 4 a=120° K , A EERERFRIREHN U, BFE
Fig.4 Up waveform of OLT without DC line when a=120°

B3 (7)AA(2) B BN BOR R B A5 1F T

6 Jik sl it 4% T e v IR T 520 5 12 ksl 4 O 4R T
FEHLRSE T 6 BRBhH i ar i 2 4, It | e A48 2
1 s LA B L AR AN B AR B T 8 T e
AR RTHA AR
EAVP I

0°<a=<60°
V3
U])c: (8)

V2 pain(a+30°) 60°<a<150°
V3

2 THAGKBRARRXEARBENELT
BATRAXES

21 HHREBRAKEENEIITESN

DL B3 #r 1 Al U £ B T % R T Y 4 i
T 0 T R R T B T R S
JeAz ) 77 305 Al B Lk I oE e AR TR Rt mT L
5 DL S OB T Al AL £ B T B R T 9
Bro DBLL 6 Bksh RGE TR R KK 1 s RS
T % 1 DK I 1 S A% 28 24 6 R S D Sy e 2 B T 5 4K
B R GE,6 Wkl i 4% 41 B 2 T B SE I R SR
EEmE 5 R,

TR

Vi RVel Vs +

A VS VS
¢ -
e
UDC
Uc

n|

/A~ -

T T M 28 B

L

Bs5 TEREEABRAEEZERERE
Fig.5 Schematic diagram of OLT system with DC line
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Table 1 Parameters of simulation system

L. 027H R, 050

L 10.869 mH c 1.6 uF

L, 10.384 mH C 448 uF

L 2.06 mH C 5.81 pF

R 996x10°Q/km|| G  3.97x10°S/km
L 2.98 mH/km € 8.07x10”F/km
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Table 2 Simulative results of OLT with DC line
for EHVDC system

fith % ff1 i H TSR /kV TR 2 /kV

/() HRAV O K@©®) K6  X@®)  HX(16)
20 636.0 762.0 633 126.0 3.0
40 603.5 762.0 600 158.5 35
60 532.0 762.0 530 230.0 2.0
70 4875 750.0 487 262.5 0.5
80 455.0 716.0 457 261.0 2.0
90 415.0 660.0 418 245.0 3.0

100 362.5 583.5 363 221.0 0.5
110 299.5 490.0 298 190.5 1.5
120 2275 381.0 224 153.5 35

130 149.5 260.5 147 111.0 2.5
140 68.0 1325 68 64.5 0
150 0 0 0 0 0
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Open line voltage of HVDC transmission system
ZHANG Shuo, LI Yongli,LI Botong
(Key Laboratory of Power System Simulation and Control of Ministry of Education,

Tianjin University, Tianjin 300072, China)
Abstract: The existing open line voltage formula of HVDC system is not applicable to the open line
voltage calculation of OLT (Open Line Test) with DC line,for which,the test principle and the set-up
process of open line voltage are analyzed respectively for OLT with and without DC line and the reason
why the open line voltage of OLT with DC line is smaller is explained. An improved open line voltage
formula is given for the OLT with DC line,which is used to correct the setting of OLT voltage differential
protection to avoid its misoperation. The simulation model of typical +500 kV HVDC transmission system
is built with PSCAD and the simulative results show the higher accuracy of the improved formula.
Key words: HVDC power transmission; HVDC open line test; open line voltage; firing angle; DC line

parameters; electric filters; computer simulation; models
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