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Analysis and Experimental verification of
Direct Cell-to-Cell Voltage Equalizer
Using Capacitively-Isolated DC-DC Converter

Abstract

Cell voltage imbalance causes over-charge or -discharge of series-connected energy storage cells
such as lithium-ion batteries and electric double-layer capacitors (EDLCs). Therefore, various kinds
of cell voltage equalizers have been proposed to eliminate cell voltage imbalance. Although direct
cell-to-cell equalizer using an isolated dc-dc converter can transfer power directly between cell to cell,
the circuit size is prone to be bulky due to the existence of transformer. In this paper, a direct cell-to-
cell equalizer using capacitively-isolated dc-dc converter is proposed. This proposed circuit consists
of parallel resonant circuit and voltage multiplier. Since This circuit operates discontinuous conduction
mode (DCM), the parallel resonant circuit realize the inherent constant characteristic at a fixed
frequency. The experimental equalization test was performed for eight EDLCs connected in series
from a voltage-imbalanced condition. The voltage imbalance was eliminated by proposed equalizer,

and the verification of the proposed equalizer was demonstrated.
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HE 7 a2 75 A

double a[8]={x1, x2, x3, x4, x5, x6, x7, x8} ;
double max;
double min;

int i;

static int count=0; count++;
static int Y1=0;
static int Y2=0;
static int Y3=0;
static int Y4=0;
static int Y5=0;
static int Y6=0;
static int Y7=0;
static int Y8=0;
static int Y9=0;
static int Y10=0;
static int Y11=0
static int Y12=0;
static int Y13=0;
static int Y14=0;
static int Y15=0
static int Y16=0;
static int Y17=0;
static int Y18=0;
static int Y19=0;
static int Y20=0;
static int Y21=0;
static int Y22=0;
static int Y23=0;
static int Y24=0;

(0] /BB LE=EILBENORREECILERINEELILEZSETROHS//
max=al[0] ;
min=a[0];
for (i=0;i<=7;i++) {
if(alil>max) {

max=ali];
if(alil<min) {

min=ali];
}

i f (max-min<=0.01) | //EIVEEMN 10NV LT THDEERAL v F % OFF//
Y1=0;Y2=0;Y3=0;Y4=0;Y5=0;Y6=0;Y7=0;Y8=0;Y9=0;Y10=0;Y11=0; Y12=0;Y13=0;
{1420;Y15=0;Y16=0;Y1720;Y18=02Y19=0§Y20=0;Y21=02Y22=0 :Y23=0;Y24=1;

?Ise //ZILEEH 10V LI ETESS//
if (count==1) {

Y1=0;Y2=0;Y3=0;Y4=0;Y5=0;Y6=0;Y7=0;Y8=0;Y9=0;Y10=0;Y11=0;Y12=0;

Y13=0;Y14=0;Y15=0;Y16=0;Y17=0;Y18=0;Y19=0;Y20=0;Y21=0;Y22=0;Y23=0;Y24=1;}
wmmeD{ //\max, Vmin ®EILD R A v F % ON//
if (max==a[0]) {
Y1=1;Y2=1;

else if(max==a[1]) {
Y2=1;Y3=1;

]
else if(max==a[2]) {

12




¥3=1$Y4:1;
else if(max==a[3]) {

¥4=1$Y5=1;
else if(max==a[4]) |
¥5=1$Y6=1;
else if(max==a[5]) |
¥6=1§Y7=1;
else if (max==a[6]) {
Y7=1;Y8=1;
else if (max==al[7]) {
Y8=1;Y9=1;
}
( }
if(min==al0]) {
{10=12Y11:1;
else if(min==al[1]) {
Y11=1;Y12=1;
else if(min==al[2]) {
{12=12Y13:1;
else if(min==a[3]) {
{13=12Y1421;
else if(min==a[4]) {
{14=12Y15:1;
else if(min==a[5]) {
{15=12Y16:1;
else if(min==a[6]) {
{16=12Y17:1;
else if(min==a[7]) {
{17=12Y1821;
}

//Nmax & min DEFICKEYIBERT//
if(maXZZ%%gghLmaxzza[Z]l|max==a[4]||max==a[6]) {

}

else if(max==a[1]||max==a[3]||max==a[5]| |max==a[7]) {
{2021;

if (min==a[0]||min==a[2] | |min==a[4]| |min==a[6]) {
Y21=1;

]
else if(min==a[1]||min==a[3]||min==a[5]||min==a[7]) {
Y22=1;

}

if (count==3) { //IRERBKEERS)//
{2321;Y24=0;

}
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if (count==302) { //REEEZEL//
{2320$Y24=1;
if (count ==303) { //Nmax DEILD R A v F%& OFF//
Y1=0;Y2=0;Y3=0;Y4=0;Y5=0;Y6=0;Y7=0;Y8=0;Y9=0;Y10=0;Y11=0;Y12=0;
Y13=0;Y14=0;Y15=0;Y16=0;Y17=0;Y18=0;Y19=0;Y20=0;Y21=0;Y22=0;Y23=0;Y24=1;

}

i f (count==304) { //7a5S5 LOEIZET//
fount:O:

v1=Y1; y2=Y2; y3=Y3,; y4=Y4; y5=Y5; y6=Y6; y7=Y7, y8=Y8,; y9=Y9;

y10=Y10; y11=Y11; y12=Y12; y13=Y13; y14=Y14; y15=Y15; y16=Y16;
y17=Y17; y18=Y18; y19=Y19; y20=Y20; y21=Y21; y22=Y22; y23=Y23; y24=Y24;
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3.1 a7 oY% DC-DC =2 v N —H FHAF

Component Value

Li,Leo 1 uH
C: Film Capacitor, 1 pF

C1,C2 Ceramic Capacitor, 47 puF
Cin,Cout Ceramic Capacitor, 200 pF
Du,DL Schottky Barrier Diode, Vy=0.35V
Qu,Qr IRF9910, Ron = 14.6 Q

Gate Driver MCP14628

332 BIEIRA A v FFIEREFEFF

Component Value
Photo MOS relay LCA715S
NPN transistor MMBTH24
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3.3 NT AR

400 F @ EDLCS [EFNZKE LT, Veearr~Veens 7 0~2.5 V OHLFH TREXAIZIZ H 272K EE
MHNT o AERET T,
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JELTADL, v~ 2V NTHERIOBEZRODLENH S, filE L T4 A HDLER
EERERL & PSIM TR 2 X 3.9, X 3.10 1IZ/R L, Veen~Vees DEFHEZE (3.1)~(3.4)Kiz
7,

1+1
Vcelll = ><Vl (31)

1
Vo, =ty -y (3.2)
VA 5+1xv3_3+1xv2 (3.3)
Vcell4 = 7I1XV4_5+1XV3 (34)
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Wk$ EE b/ NEEENVEOARBIEEPITONTWD Z L PR TE T, EIotE%E
TR TRALHINZ 10 mV RREE &L 720 | TERDNT VAR EREDNT VAR EATH T
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