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Research on a Supercapacitor Energy Storage System

Based on Bi-Directional DC-DC Converter
YANG Hui, SUN Xiangdong, ZHONG Yanru, TAO Liuying, ZHANG Pengcheng
(Faculty of Automation and Tnformation Engineering, Xi” an University of Technology, Xi’an 710048 , China)

Abstract: The classical RC model of a supercapacitor is presented. The work principle and control strat-
egy of the bi-directional DC-DC converter are analyzed in detail. The supercapacitor energy storage sys-
tem on the basis of the bi-directional buck-boost converter is developed and experimental study is carried
out. The experimental results show that the supercapacitor can operate in the optimal charge or discharge
state and the energy storage system can restrain effectively the DC-bus voltage fluctuation so that the sys-
tem stability is improved no matter when the hardware simulation is implemented or when the load chan-
ges suddenly in the single-phase two-stage PV generation system.

Key words: supercapacitor; energy storage; bi-directional buck-boost converter; fluctuation control

P2 PR TR 24249 Journal of Xi” an University of Technology(2011) Vol.27 No.4

2 HL A e U PR UL J2= L A i, 2t 20 4D 60
AR R I —FlopT AR REDCIF . 5 W R AR
AR E R A AR FA R = TR, B
HAT DR, FE R s B R, 5 i i, AR
TWHEITE , Al SEVE LA SOTCTS YA s . R A AR
i HE BRSO 12 e e FRL Fi 20 AL o L DR i ) 2
H, S AOGE A PR BE K™ e A9 0 A 1 52 21 1 3
ZEFZMENL . BTG E B R,
HLRE PR SRR RE R, P 7B R A R
A A A R L R G HHORT 4 e U RE TR AR
Ko 285301k L ZR G B H T 35 5l L A v, 19 e

i B E: 2011-09-02

() R, A T S5 17 0 I 2% P 0 B ST T LA
GG A RS SN TR 7 11 RS o 7 o
E 2 Ca

ASBIFFER AR B B B XL ] buck-boost HL 1 £l
20 L 2 i ) T TP o R P SR L s R 9 LA B
PR M, A A I ARG A R A R Bl

1 BRERFREERS

PAREW R WD) U & ST N = Y
S HLHL I R A e R RE AR AT 1A HL R B A
Mo fRALRITERER ZEUNTE | P i AR R, 258

EEWA: Berid ARR 2GR BN H (2009JM7008 ) ;5 Bk 74 45 07 T % 2L 4 BT B 5 H (09JK651 [09JK647 ) 5 Bk o4

AR R R IR G BN H

EEE I M (1978-) 2 BRVERIH LA BFE 05 1 o W g v 75 v A% 3l SO RER & LA R o E-mail : ivyyang@
xaut. edu. eng PMEZR(1971-) , 55 G0 TFIL PN, Bz, L P50 1) D A I V3 Jfi 8 F g W 128 8 T

FETR K ML &S0, E-mail:sxd1030@ 163. com,,



WA FT AU DC-DC A 14 1 9 L A A B AE R GU 5

457

HE L 7 A 2 DB DC-DC LR il Tl
FHRAER PR BERE—BHA 1 ~3 V, L,
WU Ao A R R A S IR A M O O L A e 4
AR JE S BR 5 G0k v R RE S T
ARG ELUU R 2 e T U (R, XA DC-DC
HL I A A E R e R B L A A LA T R AR
MR 2R A RER AR A R . 2 LR R AR T
BUEMEIS, XU DC-DC A #% TARAE TR, i 42
HLA A ALAE TR, O TR i e

v HRE
SRR [
g | U

Ui ER ik

oo —]
e wowa |
wzl DC'DC)
Rk

K1 SA B ARSERE R TR iU R
Fig.1 Distributed power generation system with a

supercapacitor energy storage system
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Fig.2 Equivalent model of supercapacitor
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Fig.3 The non-isolated bi-directional buck-boost converter
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Fig.4 The control diagram of the bi-dictionary

buck-boost converter
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Fig.5 Flow chart of charging and discharging

control of the supercapacitors
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Fig.6 The experimental block diagram for the

DC-bus voltage fluctuation
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Fig.7 The experimental waveforms with + 10%
fluctuation of the DC-bus voltage
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Fig.8 General block diagram when the energy storage

system is used in the single-phase grid-connected

PV generation system
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Fig.9 The experimental waveforms when the

load becomes heavy suddenly
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Fig. 10 The experimental waveforms when
the load becomes light suddenly
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