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Research on a new power supply system for trams
based on battery energy storage

ZHANG Wenbo
(Nanjing Vocational University of Industry Technology, Nanjing 210023, China)

Abstract; In the power supply scheme of modern trams, in order to reduce energy consumption and operating
costs, the use of energy storage is a key technology and hotspot of its research. Energy storage technology has
good technical and economic efficiency in high-power applications and is Suitable for tram energy storage. In
View of some of the problems existing in the traditional power supply methods of trams a new power supply
scheme for trams is proposed. Using lead-acid battery energy storage technology, the system power supply
structure diagram and the main circuit principle topology diagram are given and the working principle is ana-
lyzed, the system control strategy and the software and hardware circuits are studied, and a set of system exper-
iment platform is built. The proposed results all show that the power supply system can provide continuous
traction power for train operation, and has extremely high application value.
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Fig. 1 New power supply system architecture
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Fig. 2 Schematic diagram of AC/DC charging device
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Fig. 3 Schematic diagram of bidirectional

DC/DC voltage regulator
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Fig. 4 Schematic diagram of chopper

2 TR ER R G is I R B

2.1 AC/DC FH3E B =5 KB

AC/DC 7 H % R HIHE it 78 i 42 i 5 =
FLAMIR PT #EHR MR R B S, B
R B R AR E NS L AR HL TR SRR Y
HLUAE R R R I 45 8 (B Bk 2k Ui i i
Wit T F B AR S AR D R SE PR . I N
PR Ty I 45 A8 (2 8 T U I A 3R A
T, SRR L BRI S R B AR, ER R
FL 42 I AE JE L S B

I L LR P3R5 R Sy 1E R 3 H 42
HPER, HHM R R M EWREAR
AR R LT AR VF I R EAE A, B
B2 H R 38 I o T R I A5 S R R E R SE bR

12 | @5 hdl - BHEM - 20215F 5405578

b A
¢ lsvewM DCC/
dq

wliy
Q B Igref

BS5 ERFAEHIER
Fig. 5 Constant current charging control

block diagram
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Fig. 6 Constant voltage charge control

block diagram
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Fig. 9 Hardware system control diagram
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Fig. 8 System software architecture H .Jl} (“ ’J i il ) .\ \\ ||‘\ :\ l\‘ “I ‘H r”i ‘l‘

] fH4"¢""’ M

3.2 gElamgit 7 htM.uw.\ W
| l‘ [’ ’ ‘

\[ || l \‘

B R G EH RE FE MM E L ol o WV
B JFAFHUE SRR e g Re,
iﬁ{%“fiu Eﬂ%&ﬂ( Bﬁf—%‘%gﬂﬁo izgzb%ﬁﬁﬁ UN VA UN UNUN 300 1450 [T T T

ASTH BB L ki S dos i

FIRESGIL ) TMS320C28346 f Jy 32 il B Lo B 10 AC/DCHHERBE. &R M E
W 300 MHz, HA 58K PWM 2448 B K Fig. 10 AC/DC output DC voltage,
iﬂj‘% ﬂJ:'J ﬁléjj - DSPI1 jfg ’ﬁz Fﬁ j":’ ik IEEE%%I current and grid side voltage

WwW.eage.com.cn 2021578 - BABM - i bd | 13



fikHE | Energy Storage

Xa] DC/DC A TR P55 H BH £ 280 43 e )
F ER A R BOE A 11 Bk, HR
IR 0.5 s R EE—EME, BB AA
P frg it it a5 i e

60
50 (

40

L
et 1l

30

20, J

10 T T T T T T
A 000 050 1.00 150 200 250 3.00 3.50 400 450 500 550 6.00 6350
UN ifs

11 XMW@ DC/DCHHERBE. Bt
Fig. 11 Bi-directional DC/DC output DC voltage and current

5 HZRIE

R SRR A A A A e i v Oy A7 A Y —
SepE, 4R T A BRI T R
ST B SR 45 R R W], i R G A] L
S L I HR G RE B O e AR AR LB Y, AR
J5 P28 0L 1] 728 8 8 o FL Tt v ) BE R A AT A%
i, a2 HE RE T I B O 81 AR AT SR I £
geag| g, BABm e N E

2 & XM

(1] sk, Bk, Ak, % 3kF otk
PWM $5] 89 Buck _Boost R[] 75 i 4% 7E i, b
FAERE PR [T]. P E H LT R R,
2011, 31(6): 15-21.

[2] FEpuh, H@9IE, T MMEsEhs
SERTI]. BT RS H P, 2008, 32(7):
98-103.

(3] skAm, WA, BRME, & BHEERS
FE B0 JT 19 R 375 FL BE TG RAR S T v B
FALT]. BMEAR, 2006, 30(15): 54-58.

14 | w5 hd - BHEM - 2021F 5405578

[4] YAOWMING C, YUANCHUAN L, SHIHCHIEH H,
et al. Multi-input inverter for grid-connected hybrid
PV/wind power system [ J]. IEEE Transaction
on Power Electronics, 2007, 22 (3): 1070-
1077.

(5] sk3Cse, B, RN, MEREFARTER &
SRR HT]. BREEA, 2008, 32(7) ;.
19.

(6] #Bi, PREEM:, &1, A P 464 e
Bt RERE S ECEM i [J]. TPz,
2013, 26(6): 148-151.

(7] JEBEH:, HEF. BB B 4 B AR Y it
I T, AR PR BLACE, 2008, 21(6):
95-97.

[8] HIRAIJ, TAE W K. Study on intelligent battery
charging using inductive transminision of power
an information[ J]. IEEE Transactions on Power
Electronics, 2000, 15(2): 335-345.

(9] #&U, Z6RMS. BUACA Bl 42 T 4 fih k) 42 5]
BEorAWEsE ()], W BIE sCE pE S, 2015,
18(1): 72-77.

[10] MAHARJAN L, INOUE S, AKAGI H, et al.
A transformerless battery energy storage system
based on a multilevel cascade PWM converter

[C]. IEEE Power Electronies Specialists Confer-
ence, Rhodes, Greece: IEEE, 2008: 4798-4804.

fE&E =N

TSCE (1984—), B, WA
o, EHCTRI, W55 I i
AE. RIDFFTHREA,

OkAa B #1 . 2020-12-22)





