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A new cophase power supply system based on three-phase to single-phase converter

QI Weizhi', LIU Quanjing?®, XIE Yonggiang?®, LI Xue®
(1. Huaian Power Supply Company, Jiangsu Electric Power Company, Huaian 223002, China; 2. School of Information
and Electrical Engineering, China University of Mining and Technology, Xuzhou 221008, China)

Abstract: In order to solve the problems existed in the current electrified railway power supply system, such as negative
sequence, reactive power, harmonics and split sections, and to conform to the trend of high speed and heave load, a new
cophase power supply system based on three-phase to single-phase converter is proposed. The uncontrolled rectifier
circuit is adopted in the rectifier side of the system, and the cascaded H-bridge multilevel single-phase SPWM converter
is adopted in the inverter side. In order to suppress the negative effect of the DC voltage fluctuation on the AC voltage of
the inverter side, and to provide stable voltage support for traction load, output voltage of the inverter side is controlled by
voltage effective value and instantaneous value double closed-loop. Operating principle of the cophase power supply
system and its power supply performance under different conditions are analyzed, and the system model is established on
the Matlab/Simulink platform. Simulation results verify the correctness and feasibility of the proposed scheme.
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Fig. 1 Structure of cophase power supply system

ZAAE RS, MmN A I
AR AR, B E RSB AN IKIL G4,
R Y BRI A RURREL, Sedl £kBE I KL
1:3, TSR AE AR« A T 30° FHA £ 114
M, AN 6 KA SEyi f i, #3584
it PRI 1 T R A LR 25, B B 12 Bk R
FEL 66 A ) A i N LRSI K T o N IR AR TR 2%
AR LD G2 53 M FEAH+7.5° FN-7.5° , (PR AR R 2%
HLH TR 15 AL 22, 45748 He 3% AN Th R B0 2%
X R BRI 5, AT A8 H I R AT S5 R0 — A 24
ki S L R A, N H RN, TR IR
Es AN BN AN ED R E . R R )
B R AR H MR as A7
A, A 27.5 KV S I e g
fi D o AN L % v BT AT AR 2R I I S AR AL
S GPS [P I B RNESZ A5 5 R A S, PRUEEE
AL % rh R 2% 1 R AR A R R — 3

2 ZHE-BEATHRARIAR

2.1 BRMTIMARN

H TR R IS G, SR I8
A FRTTRS S R /K1 A AU I A 85 s 12 K
DR 24 BRI N A )z 12
AR, BISHARA RS A AL, ARYE = A1
B A (e 2, ARHCRS T DU HLI ) 18
St IFAR
I, =ﬂ1d(sina)t —lsinlla)t -

T 11

Lsin13a)z‘ +Lsin23a)t +isin25a)t +-) =

Mldsinwt+ﬂld > (—l)kisina)t
T T wZioksl m
(k=1,2,3,)
(1

v I R = i L N S LR S S T A v 7 b2 D
FEERIZAT, TR 24 WK HE G HL i, AR % )
(LR OANRS NS SR Sk o/ ] R - S S K VALY o S = W
I =1+ 1, =

43

— I, (sinowt — Lsin 23t —-
T 23

isin 25wt + isin 47wt + isin ot +--)= (2)
25 47 49

ﬁégmw+ﬁgg§:emlmw
T T n=24k+1 n
(k=1,2,3,-)



Bz, 5F

T AR R L R A I R T R - 95 -

(L) PR, 12 Jkpe 48 Fi i (0 i N L JRE O o
T 6 BKBAER P 30 5 RAFE S BB HIMR IR
{11 13 YRS REARORE i, BN FLUR IR B i
Wiy A2 4 (THD) AR o T8 35 DL IR 22k B ol Bl v
HEIE ARG 11, 13 IR, i A i) THD
PEUT 24 Jikig R AL PN, (E S A
HMETE, HIERR T RG] 5Ett. sNQ)EM, 24 ki
LS NE AN R 100 T2 /) A 23711 PV 1) 3
T2 23, 25 Ik, HAEEAR. hT&sblyiyig
PARBUSAELE, R T8 23, 25 YGOERIH, 4
B BTN, BRI SR, DR RT LAAS IS 0
NUE B o HHIT 24 KPR HL )2 N I AE
Wk AT IS | LSRR, TRtie
PV e, PERE AT AEYE e SROBTH A AN 24
SRS EOR, ASCLAZAS 6 ki h
W AR PR AR R T AT 3, Al e s R O ) g
N LR PR 24 Jikip B LB KD KT, FL A A
Wl 2 pros, s, B AR SR AR IRk
AL AL AL

AEE
+7.;F:Deg ®7ZS x ZSC% e
. <ZST____ZSZSZSC4:U®Z
1o kV " 444 |
Q= R
R zuu%l%}
& 565 |
kE%
B [y=" Zg%

2 BN B ER L5
Fig. 2 Structure of rectifier circuit
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Fig. 3 Structure of cascaded H-bridge multilevel converter
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double closed-loop control

Tz A, 45 AR A B ) AT L
HRAEU,, (WLAREL 27.5 kV), XFSbrfH HE u,,
AT, WEEREU,,, 50U, SHEZ Pl
IS EAT Y, T F R A BB K I 2
I A BB R IE 5245 S AR, T ki Hh i R I i 4
fHu, > u,, SEENEETEAS RS PI
AR AT Y, TR WP 0k SPWM AR 4R 1)
FEHIE T o JoPIESLAE 5 R GPS [FI2P I 42 A
PAF R, DA RNk b A7 2 5 | A8 B ()%
W R AR, 35, SHLIRIAR R

3 nESH

FR s b S0 AT B A A AR s B 5K, A
Matlab/Simulink P& 12 37 3 = = - B A AR 6 1)
A L R G AN 225 AR T AR . P 5 AR
AR AR I3 RIS FE G4 4 MIETL L,
R AN L I 1 L iy 22 T R S HAR AR
WIER:, WA S SRS AR H AR
B — AN G, LB 16 AN AT, MR
KG)ITR AN R CR, B R4 1AL L
BH 110kV/33 KV, ZEME= ISR N 1000 Hz,
16 ANz o A B BT 1 27.5 KV S LR o
B YR HLE IR0 A A AR, Ha
EEAL, THRREEE 1, Erblal g BRI
1%, 0~0.15 s I g B A 200 Q; 0.15 s B HEE,
HFHAZ A 100 Q; 0.3 s BF9REL, HFHARN 400 Q.
P L 0 BRI R an e 5 B, nTLAUE H
HIHEAE 0.15 s F10.3 s B 20 5 B T 4 KM P 1
SEREFNGEIE , 3K I AN 20 H 5% 1 i HE AR PR BT 28
HARHAT,

5000
4000} """"""\\ﬂﬁ__““__*m‘_u/F\______i

3000 ¢

/v

2000 f

1000

0O 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
tls

5 BB ERNTEHBRE
Fig. 5 Average DC side voltage of rectifier
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