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Fig.1 Disturbance injection way
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Fig.2 Equivalent frequency-domain impedance
measurement method
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Fig.4 Disturbance generation circuit based on SPWM
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Fig.5 Current signal energy spectrum based on SPWM

M 5 AT UL, SPWM B 817 A= 5 AT i AE
S R R 3 AT B ) A AT AL TE . PRk ]
WIS 7 A A T R RS VR B ) 2 5 | kPl R 558
FoAA T AT BT A | I 4518 AT AE R 1 b S 2
Bk, TESEATRHHCIN AL, Sy TR XS R Gk BB
s BT AR— N TR 10% ",

3 fIERIE

3.1 EFES|tE RS ME RN EH EER

T MATLAB/Simulink 58 %2 5] 28 JE 4% 725
W B 2 KA Bl L AR R G RE S A TR R AL TR
R V/x #2407 2N A2 51 A48 el v I 1) = AH 28 3
HLFEAL AR ZE T H , 80 42 5 | 0 H BE A% i 45
2, P sl e B3 Ao AR R R R TR S 4 S Ak

A% 5 | I H 2R 0 ek S el ARS8 2 S RS
A ThER AL R, AREES(2) #EAT BT,
FFT R o () — AN R AT 08, R, an SR &R
g g oy ik a) S A bR BIE S A i o e 1] B B TR K
F0.02 s, 5 18 Z G0 i o B (8], 5 B 0 Sl it I e
B4 1 s,

3.2 EFES|tHE RGEERNEER ST

KA St in Ji5 A2 51 44 B 2R 4 4 ek BH 470 )
PERLE S R R R A B R K
HAg P w6 s, UL ARSI G 51 A/
LT | LRI I 43 S R SE AT (0~ 10 000 Hz) T3
HoA,

FIA(2) Ar45 2 544 (0~ 10 000 Hz) 7
5| F 28 48 0 3 BEL e 4 e il £, 5 SR AR 7 B
L7 ORI LA 7 S A v B A BB 4
DA (IR AR S5 AL ) 3 5 BEe (A I 2R A 2
B KR T TR BTN VR RS R

4 SCISISE

4.1 EF5|HERSGHIEERVERMUIE TS

ARSCHI MR B s 942 5 | ik R e A0 BT
TR S M AL B AR AL A O S HCT
LT O S OF I s T e X e D e g D4
I o 245 S50 2 K, Al L B SE S JORIE 3.1 19 19
D7 ELEAERE , 22 F L AR SC S B0 HEP AR i T F
SR TR IE S 56 2 B A R0 SRS i rE . e
FETENS AR C 3k C2 PR,



i5¢) & 0 8 % w it % %39 3%
o7 10 000 -
g 6 < 158 fom ﬂ'»vﬂl\ C\:
S5 S 5o VY 2 5000 |
i 4 0.66 0.71 0.76 =
ﬁm 3 t/s
) 200
ﬁ% +
i 1
0

2000 4000 6000 8000 10000
SR /Hz
(a) Pshja IR B & &

o7
= 6 60
= >
=5 % 9
4 60
= 0.66 0.71 0.76
fﬁ 3 /s
2
p==d
a 1
0

2000 4000 6000 8000 10000
A% /Hz
(b) HahEHERHIEE S =
Eo HagEERLBR BEREBRESH
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Fig.7 Frequency-domain impedance measurement result

of traction power supply system
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Fig.8 Frequency-domain impedance measurement results
of traction power supply system
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Frequency-domain impedance measurement method for traction

power supply system based on broadband perturbation

PAN Pengyu,HU Haitao, YANG Xiaowei,ZHOU Yi,HE Zhengyou
(School of Electrical Engineering, Southwest Jiaotong University , Chengdu 611756, China)

Abstract ; It is difficult to quantify the frequency-domain impedance of the traction power supply system when the ac-

curate topology and parameters are unavailable. To obtain accurate frequency-domain impedance characteristics of

traction power supply system,a broadband perturbation-based impedance measurement method is presented. The im-

pedance measurement principles of traction power supply system and calculation formula are introduced. Based on

the SPWM ( Sinusoidal Pulse Width Modulation) mechanism and the energy spectrum analysis,a disturbance method

is proposed to obtain the accurate frequency domain impedance characteristics at the measuring points of the traction

power supply system through only one perturbation experiment. The impedance of traction power supply system is ob-

tained using both software simulation and physical experiment. Test results show that the measurement values are

consistent with theoretical values,which verifies the effectiveness of the proposed method.

Key words ; traction power supply system ;frequency-domain impedance measurement ; broadband perturbation ; SPWM;

precise measurement technique



Fig.Al Impedance measurement model of traction
power system
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Table A1 The main parameters of impedance
measurement model
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Fig.A1 The winding connection of main transformer
in Xuzhou North substation
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Table C1 The corresponding parameters of Xuzhou
North substation
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AL AR AC LG 110kV/27.5kV
Az | WAL | 7km
AT A P A JE BT r Lo 06467
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Table C2 Parameters of the experimental platform

gt E
A5 L R G AR AP Ry 0.93 Ohms
A R G AR BT Xg 8.606 Ohms
A5 R G MOLE Ly 27.4mH
PR {0 25 254 % b P 2 € 1uF
HEHLR R, 50 Ohms
BRI LR Ly 16mH
HIMHLZE Cy 4mF
B Ry 200 Ohms
2N FHLM 220V, 50Hz
A A 220V, 50Hz
AR 220V/22V
D SR A5 100kHz
IE SR A 50Hz
VIR ES 500Hz
L1 s - A am
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Fig.C1 Schematic diagram of the experimental
platform
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Fig.C2 Experimental platform of impedance
measurement for traction power system



