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Voltage Control Method of PWM Converter for Electric Railway Substation
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A new type DC electric railway system is under development for high speed and mass transportation in Japan. This
system needs large power conversion stations consisting of PWM converters on the ground. The PWM converter is required

to supply power stably according to the running conditions of the electric rolling stock. In this system, the PWM converter
is required to control the DC feeding voltage of 1,500 V at the error rate of 0.5 % or less to suppress magnetic disturbance.
Moreover, the PWM converter has to suppress the oscillating current occurring between the PWM converter and electric
rolling stock. This paper describes the PWM converter for the DC electric railway system, with emphasis placed on its

control methods, characteristics and experimental results.

Keyword : PWM converter, control, electric railway, Tsukuba express

1. a0

g, BENED SN TS [FERE (O<ETI A
TLA) | k. FOI— B RIT - Rl RS AT I
Wz Ehs, fERoEREE AR TIEL—Ibh S lRd
LHRMREBEBERICE DB T — 2 B8 A RIET R
WHDH, T Uiz KMl s oL 8o RiiiaE
FEDFEICEAENDZ &S KIRREKEZERNT 52
DITITEEH B OBEEZARERRDNE T HHEN
Hoh, WEAZRMT AICRIERO Y A 4 — REBH R
ATEBIEHE BB EZEATL2HENRHD, 25
Lzt LT, chETHRRXOY 1) 22 a2 N—
ZEHEBROPWMa Y N—=YiZ oW THENRTEbN
T&E/, 1 U AFEHFERHICOWTIE, Bz —oEiiE
[QEUBTRHINA L ERENH D, HEEFE LD,
L Lzdis, 4. HOMMEEE A LA mmE - KE
il MOS 7— Ml D 2 A w F 22 7 FINA ZIRERALE
BicA-Z &icmix, B, SmOR, hAR—- &
Wo 2B RICHLTPWMI I N—FI0% < OF| S
HENDHIENS, BEMICPWMIN—=FBEHEN
LI E SN, LMULANS, PWMIO O N—FEREE
TAHERBLAEEIZ DO WTITEALO LN <, ERIFK
Wik, HEAR, RESIcOWTEL OBH, Bilh e
THdH. BHiCHEI AT ATIIHBLEBEIMNRE L TERMN
REIEZRE) % £0.5%L0 FIZHiil 9 5280 dh 5 & kI,
BRI LD BMWMABANEIICH L TEEIIHET D40
b5,

AT, DX ATV AOBEBLEERICEA SN
FPWMaN—%OEEHEARE DI, AT LW
., ORI TORBEESICIONWTHET S,

2. Bhitde> AT A
2.1 BhHBERE

DIV ATV ARMERRENS DS HRICES 2
#1 58.25km D EEE MO —RAEH S SLH BB TH B, I8
. MR SR 2 9 2 52 8 oo Ik & F R A i o0 |
itk A2EEL T, SFRUETREHEBLALZ, FHL
BTIENEEFXNERAL TS, LIKRTEED,
FKBERERM 5 SF R BUE S E TO 41.0km ODRHEIZIE,. PW
MIO > NN—%% L4 CERE) &I D2HEEEEH (ss) M
iR EINS, — ., KiRBELFABFEAEINS DL

= DC Electrification area (41.0 km) @ Tsukuba St
(DC 1,500 V) E

——1AC Electrification area ( 17.25 km) 8
(AC 20,000 V) =

> Moriya depot

I DC Power Conversion Station

(‘7 AC Substation
O Station

_ Akihabara St.
Fig. | Power Supply system of Tsukuba Express

(No03-51) HAHEMZEE 10 BSLEEMEE > R 2 AR (2003-12.9~11. JI1iK)



B SR ERIELED 17.25km O EREIZIE. €O HESIC
RMAEBT (EH SS) HMEEIND, b, KRB
FRIZDWTIE, ENERREEE 20kV T5 AT(Auto-
Transformer) E \WHABEHE NS,
BEHRLEEROERTHEPWMI U NN—FOERIT, B
HEFRZERT O 3000kW 2R E2T 4500kW TH Y. FHEIE
EE/ATIZIE, 2S5 LAEPWMaON—YR28RBENS
(HE1E. FH1E) .
2.2 PWMaYN—% DA
PWMaN—#OEXEKBMEREZR2IC, ExftkeE
1R d. PWMaON—FRE, FRATEREAAM v FFT
NA ADOTHIE - BRA R, BESBEE. S (BEhath)
BIUEEMICHB T 2EME. fEFOBESEEFEEZEEL
T. BFEHOIWT)w2aN—% (A2NN—F1=y
h Z2EELEERICEIDENNZZITAERIC6 LEAL TH
KT 5,

Transformer

i
= Converter
£ unit Jui]
@ H
= Converter | |
. unit L_
§ —#
8 Converter
5 i unit =
E Converter
= unit -
i Converter [ :
init PWM Converter |

Fig. 2 Constitution of PWM Converter

Table 1. Specification of PWM Converter

4,500 KW (Continuous rating)

Pt c_apaci:y 9,000 kW (for 2 hours)
(DC side) ;
13,500 kW (for 1 minute)
Qutput voltage 1,500V
Control performance of
output voltage 1,500V = 7.5V (£ 05%)
3,000 A (Continuous rating)
Output current
(DC current) 6,000 A (for 2 h{?urs)
9,000 A (for 1 minute)
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Fig. 5 Magnifying Ratio of Feeding Current
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Fig. 6 Suppression Method of Circulating Current
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Fig. 7 Constitution of Prototype PWM Converter (1000kW)

Table 2. Specification of Prototype PWM Converter
Output capacity 1000 kW (Continuous rating)
(DC side) 4500 kW (for 1 minute)
Output voltage 1,500 V

Control performance of 1500V % 75V (£ 0.5%)

output voltage
Qutput current 667 A (Continuous rating)
(DC current) 3,000 A (for 1 minute)
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Fig. 8 Feeding Voltage and Current at Train Running
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Fig. 9 Feeding Voltage and Current at HSCB (Train) Switching
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