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Development of bi-directional DC-DC converter in multiple battery energy storage system
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Abstract: It introduces the main circuit topology and working principle of the battery charging and discharging converter in multiple
battery energy storage system, and studies the control strategy for bi-directional DC-DC converters connecting with the battery. A
battery charge and discharge system composed of three groups of bi-directional DC-DC converters and one bi-directional PWM
converter is developed, whose power is 120 kW, which can meet the need for independent charge and discharge of three groups of
batteries. Experimental results in the lithium battery energy storage system show that the bi-directional DC-DC converter has multiple
functions, such as battery charging, battery discharge, islanding operation, battery charge and discharge with each other. The
charge current ripple current is less than 0.5% with smooth waveform, which is applicable to multiple, wide-range voltage battery
charge and discharge.
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Fig.1 Topology of main circuit
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Fig.2 Bi-directional dual half-bridge DC/DC converter
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Fig.3 Bi-directional DC-DC converter
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Fig.4 Bi-directional DC-DC converter in battery energy storage
system with 3 battery
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Fig.6 Equivalent circuit with a current sharing control
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Fig.7 Control block diagram of the current control
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Fig.8 Waveform contrast in two kinds of control modes

2.2 Boost FEHFa[EITHI

FEA ST Lt i e R, SR AE HL I By
HE, B 1 PR et Be AU IS AT, ) OB 97 oy
fiteg, BIXLR DC-DC i Boost #0217, 4EHF HI
BEZE R R TE S, 15 2% PWM X a) 1 ) AR e 2% 1)
MOPAZEIEAT, WOt E, 8% Boost A2k
PEABETBISATHY, X T TE R T H R AE
FFORE TR G RER A RO AT, HULREL
gAY T IT R, W RS BT

XEASCHFHIF X DC-DC 115, PR
PR EACH R H T, I EIEITH, BT Boost
B R SR, MO AR — AN H R YR, IR LK
FLUL T S i sl , PR SR Boost 44
AT T HURAR R A AR RO i), TR SR
FH A F AR A DA AR AN i SIS SRR R
B17. K9 AT RIS AT RS B Y, W

20

< L

/A

0

=23 -
500.2

FL R

> SO S R R DR U
% 500.0 e b >
K I A

4998 . . . < . . . .
2102 225.0 250.0 275.0
t/ms
Vi

9 BERBERBIE V1 L BHER

Fig.9 Waveforms of V. and L; current

JE R NTE HIt BHER R AR 500 V i24TH, HUEK L,
LA A X H] S B 1T o
2.3 FEEhE TR R

FEASCHEHIRLE] DC-DC 38 1] LLSZER 5 20 H
WA LA R IhRE, BE S MM, o —4]
Hiith Boost #iAUE1T, Sl E RIS LINRE,
Iy L U T IR LR B R4S B S T R,
ZREAE T — A E T e, A b AL ie
eI A2 TS IR 3 T DR AR SO R D RE, & 10
FTEYEIE, B 4 P 1| 375 R (JRAHE
9500 V), LA 2 78 (R HLHL LR 28 — 100 AD,
i Bah R BRI Rl A, e FL i o

Ll B ] HRE R
V(500 V)

400——

200f———— boosthe [ HL i

L3108 A

Buck 7t HLHL I
Lgtiit: —100 A
200 S N ; E .
200 225 250 275 290
t/ms
o Ve oIy v Iis)

10 F4H BBt HE B FE 0 R IR T
Fig.10 Waveforms for two sets of battery charge and discharge
with each other

3 LIGLER

PUN SRR B N B 4 Pt gl 1 CREHLHD
HISERBOE, K11 N TERU S HEIE, it 78 LR
86 A, Ly A FEHL IR, FeEH, it
HIPRAL D T 0.5%; K 12 G fEHR I,
TR, R SLI LN T 0.5%; 18] 13 D4 R
HIAI e LR LR e M, 78 IO A e 7 52 AL
IEREZIOUR L § I e

iy L

CH3: LiFAJ | s b o o g o b e Bl oo o

CH4:  FLith FELJTL rpbbbepiobippbbtiribere it b o

M 200us A Chl S 4.00V

19 9F 2009
i 14.80 % 17:45:17

11 18T ik

Fig.11 Waveforms of constant-current charging



_94 - e EREY BN

bl i
'
CH2: VdcHilk i
CH1: HijhHiHk
CH4:  FELth FLIT aeblethpebep ottt
(1 4 o trER
401V
CH3: L1HiJ
B
Chl 200V M 200pms A Chl & 4.00V

1995 2009
0 14.80 % 18:23:31
12 1ERA R IR

Fig.12 Waveforms of constant-current discharging

ik
A

CH2: VdcHI/E ¥

CH4: b it
CH3: L,1bi R ‘

M 2.00s A Chl J 4.00V
1995 2009
18:06:16

Ch1 47745
291V

Chl 200V

13 W5 R B B3R
Fig.13 Waveforms for discharge to charge

4 ZEip

AR SO0 22 LML ZE i i AR 48 Tt A L AR S B 9
MR BREAT T4, X DC-DC A2 # g i3 1 &
BOVREAT 10 M, IR TR DC-DC A2 1)
DI R it A S B, (5 LS
GURRY], ASCHERIFIXL R DC-DC A& feds, AAY
Rt e L, RO L B IS AT M i L e T A
ZRhRE, M HIE B REO RN T 0.5%, BT
T, RS T2 AL, T I A TS B K
N % BB E R G SR BB Bt T MR EF I
fiR s %

S

(1] E3Cse, WY, R, R8BI K #EIR 2 K )
REEH RG] B RGEAT S58, 2010, 38(14):
43-48, 78.

WANG Wen-liang, GE Bao-ming, BI Da-qiang. Energy
storage  based direct-drive = permanent  magnet
synchronous wind power control system[J]. Power
System Protection and Control, 2010, 38(14): 43- 48, 78.

(2] ABEN, FEMH, LrRE, 55 PR RE i E s
SEp 3R B BRI T[], B0 R e fR 9 4, 2010,
38(22): 115-119, 125.

(3] B, vEJufk, S, &% ZHALX A DC-DC Ak
LSO AT ([9]. 4K Hids, 2007, 35(4): 53-57.
CHEN Ming, WANG Guang-sen, MA Wei-ming, et al.
Analysis of the inductor current ripple in interleaved
loi-directional DC-DC power converters[J]. Relay, 2007,
35(4): 53-57.

[4] Profumo F, &. i FRORE i Re A e v o v 19

ARG L MR TT R[], R K 4251,
2007, 2: 52-57.
Profumo F, et al. Fuel cell for electric power generation:
peculiarities and dedicated solutions for power electronic
conditioning systems[J]. Converter Technology &
Electric Traction, 2007, 2: 52-57.

(5] SRALAM, MRAPWL, AL, 55 JE XA R BN E

L S TR D], R EOR, 2008, 42 (5):
77-79.
ZHANG Shi-bin, LIN Zhong-fan, DU Gui-ping, et al.
Charging-discharging equipment for accumulator based
on bidirectional inverting and commuting technology[J].
2008, 42 (5): 77-79.

Wi R HA: 2010-02-27;
fEEE
& 3 (1961-), %, AiE, BFI, AT EALAH
T HAL RERMES, HEMRE AL DSP A,
xR (1973-), B, HEIARN, Mt, T2HLF
) A8 i F RAHAK, E-mail: gangl@xjge.com

&= HEA: 2010-06-03

(4% 77 R continued from page 77 )

r#s HHEA: 2010-02-13;
TEZ BN
MAE (1968-), %, #I%, T EMRFTOAETEE

&[E HH7: 2010-04-22

B 4L 3

B JF (1984-), %, MEARE, T2HAFTEHE
F 542 &4 %; E-mail:icanfly930@sohu.com

& (1984-), 4, MEHARA, LRI EHE
[ ZE



