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A Novel Cell Balancing Circuit for Fast Charge Equalization

Dong-Jin Park', See-Young Choiw, Yong-Wook Kim', and Rae-Young Kim™

Abstract

This study proposes an improved cell balancing circuit for fast equalization among lithium-ion (Li-ion)
batteries. A simple voltage sensorless charge balancing circuit has been proposed in the past W This cell
balancing circuit automatically transfers energy from high-to low—voltage battery cells. However, the circuit
requires a switch with low on-resistance because the balancing speed is limited by the on-resistance of the
switch. Balancing speed decreases as the voltage difference among the battery cells decrease. In this study, the
balancing speed of the cell balancing circuit is enhanced by using the auxiliary circuit, which boosts the

balancing current. The charging current is determined by the nominal battery cell voltage and thus, the

balancing speed is almost constant despite the very small voltage differences among the batteries. Simulation

results are provided to verify the validity of the proposed cell balancing circuit.

Key words: Lithium-ion battery, SOC(State of Charge), Balancing current, Symmetrical multi-winding
transformer
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Fig. 1. Open cell voltage of lithium polymer battery.

Ted A A I=e deh dE Uyl wep 3t
o BO]_/\][4]*[6]_T,’]_ AW A HOL/_\_]I[I], [7]*[15]9_; U=
e e A
Adst=

o "laé

B Aol o n#ste] WS g Algte] oA
= Aol Adrk A A S dHsA &L g
Az APA dah Aol bsatel 48 AdH e
9 o) o woAglel e WA S W@ 4 Sl

A4 A9 wAe 2 e A% A AnEE 2
Askel Agahe e gy Nl e olga
. Fhatel AHgal

R

e e e FPA Sue ol w2,

A SOC(State Of Charge)E 4 2}3]

AAE AREstA] @i, viEg A Ak AfolE o
alo] WA S o]F= FER AYH Aozt wi- 7t
ghaprp!h W gm0 e wwly AFe] ave
294 A] e WA 5 AR AR EAlske HA
A gheol ol o8] Algtdn) w3 HAFo AV|E= A
A8k Aol vldlstn®, A HgArt Zotd s 7o
A77} AAaste] MAA Sie =HAA HE 9ol
AT}

EVs(Electric  Vehicles)Yt HEV  (Hybrid Electric
Vehicle) A2=§1 S|A8A&3 22 & A% FHE 7}
AH, o] Ag =¥ i e 54 A9 #3A
oI & glom, FHt AT AEFH] A
L v 1= A= 2 wie e i
ot EASAS YEME 29oe® 40%~80% SOC 9
Aol = TGS Zpol7} wmlsin HEVSE 7ol o]
FAolA F2 FAehs Al&de Agde A dAs
Zpoll ofsf) WY £w7b vfg =eAe EAAE EA

oo i r|r

=

S o o

= % ZAE sAs] SlE AEe A
% z

AR AAqEs A 8y 3= 161

— i; Ly N] B N2 iReset
‘st ira % +
+ R S_mI L. L VTE E Deser
- V.. ~
Va1 e:ﬂP o1 p, D, ™ ’Ii,_m
. s
- — 12 Ly
B2 -
+ IR B2 ;*r:z ez M
- L.> Vi
+ %
Ve ¢prd oz D, D,, Vioz -
- S 7 ~
P L L
ip - b T
+ ij;, ILan v
Ry, L 15 an Tn,
+ g -
Viden, L ibn P, D, Vion T
- S,
I 4 <
Fig. 2. Proposed cell balancing circuit.
Ly; Ly
+ +
Ly Ly Ly Ly
o~ o o |
+ + Vios + + Vios
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(a) Equivalent circuit with magnetizing inductance
(b) Simplified equivalent circuit.
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TABLE 1
SIMULATION PARAMETER
Symbol Comment Value
39 [V]
Vi Vi
v Battery voltage 371 [V]
a3 37 [V]
Batti int 1
r,, | D el
resistance
Conven Switch turn on
. R, . 50 [mR]
—tional resistance
circuit L Magnetizing inductance 300 [uH]
of the transformer
Leakage inductance of
I, & 03 [uH]
the transformer
NN, Turn ratio of the 1:3
transformer
Auxiliary Vi Diode forward voltage | 05 [V]
circuit . Auxiliary inductance 1 [uH]
fs Switching frequency | 50 [kHz]
3.95 :
3.9 N Vi i
3.85 {
s ]
8 3.8 i
3 :
> 3.75 L
& 47] E
VBJ ]
3.65 :
0.02 0.04 0.06 0.08 0.1
Time (s)
(a) Conventional balancing circuit
3.95 :
|
3.9 i
E
3.85 !
s |
338 i
g 415 mV
3.75 :1
|
3.7 !
3.65 '
0.02 0.04 0.06 0.08 0.1

Time (s)
(b) Proposed balancing circuit
Fig. 7. Simulation result using PSIM 9.0.
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