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ABSTRACT 

 In the second-life EV’s batteries, the battery pack SOC 

adjustment process is essential both for maintenance and shipping. 

For this system, the conventional balancing methods are unsuitable 

for calibration purposes due to their non-optimized speed and lack 

of freedom in target SOC. This paper proposes a high-speed SOC 

adjustment algorithm for a bidirectional equalizer-integrated 

charger. The proposed algorithm can coordinate the 

charging/discharging process with the equalizing process at the 

same time. The proposed algorithm is verified by PSIM for 20 

series-connected battery cells. The simulation results show a high 

equalization performance, and the total operating time is 

significantly reduced, compared to the conventional methods. 

Besides, the computation time of the proposed method is low, and 

thus, it is easy to implement for a large number of series 

connections just by a single embedded system-based BMS.  

 Keywords: Bi-directional equalizer, SOC adjustment, battery 

pack maintenance, Integrated Charging-equalizing. 

1. INTRODUCTION  

 In the battery pack maintenance and shipping application, the 

SOC of the battery requires to be adjusted and be sustained at a 

certain level. However, battery SOC adjustment without a cell-

equalizer is not safe due to cell inconsistency. The inconsistency 

becomes more serious when the series connection increases, 

especially in electric vehicles (EVs) where hundreds of cells are 

connected in series and parallel. Therefore, an equalizer is required 

to ensure that performances of battery cells are uniform. Generally, 

the equalization and the charging processes are separately executed. 

 In conventional studies, fast pack charging algorithms are 

studied without considering cell balancing [1-2]. High-speed cell 

balancing is only considered [3-4]. In fact, there is a lack of study 

that considers the coordinated operation for both the pack-charger 

and the cell-equalizer. Thus, the total processing time of the SOC 

adjustment includes equalizing and adjusting the SOC level of the 

cells to the target level. 

 This paper proposes a high-speed battery SOC adjustment 

algorithm utilizing a bi-directional cell-equalizer in coordination 

with a pack charger. This study is an improvement of [5] that 

replaces the unidirectional cell-equalizer with a bi-directional 

converter in order to accelerate time. The operation principle is 

described in Section 2, simulation results are shown in Section 3, 

and the conclusion is made in Section 4. 

2. PROPOSED METHOD 

 The configuration of the proposed system includes a pack 

charger and a bi-directional equalizer, which is connected to the 

battery pack through a switch-matrix as Fig. 1. The pack charger 

charges or discharges the whole battery pack by a constant current, 

Ic, in order to adjust the SOC level of the cells to the target SOC 

level. Observe that the polarity of Ic demonstrates the direction of 

the process (it is positive in the charging process or negative in the 

discharging process). Besides, the bi-directional equalizer is 

operated to effectively perform the SOC equalization between the 

cells. By using the bi-directional equalizer, the energy is either 

regenerated from the battery pack to the cells or from the cell to the 

pack, respectively. Because the equalization is assigned only once 

for one cell, the number of equalization steps directly corresponds 

to the number of cells in the pack. While the battery cell is 

charged/discharged by a constant current, Ibal, the whole battery 

pack is discharged/charged by a corresponding constant current, Ip. 

By determining the operating time of each step, the total operation 

time of the SOC adjustment is determined.  

 According to [5], the amount of changed SOC after a period, t 

- t0, is determined as 
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where SOC(t) is the state of charge of the cell at time, t; t0  

represents the initial time of the process; Q is the available capacity 

of cells and is regarded as identical for all cells; I is the current pass 

through the cell. Therefore, the processing time of pack-charger, tc, 

is expressed as 

  
_( )init avg L

c

c

targ
t

SO SOC SOC

I

C Q− +
=  (2) 

where SOCtarg is the target SOC level at end of the process; SOCL 

is the equivalent SOC loss of the cells; SOCint_avg is the initial 

average SOC level of the cells. Finally, the processing time for each 

step, ti, is expressed as 
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where i is the order of equalization steps during the process, and 

tsum is the sum of the processing time expressed as 
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Fig. 1: Configuration of the system 

 

(a)   (b) 

Fig. 2: Processing time pattern: (a) the pattern of time for 

each step; (b) actual processing step time. 
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By choosing the value of tsum, it is possible to optimize and 

minimize the total processing time. Fig. 2(a) shows the operating 

time pattern of each step when tsum equals zero. With the operating 

time is positive, the equalizer operates in pack-to-cell mode. In 

contrast, the equalizer operates in the cell-to-pack mode when the 

operating time is negative. Therefore, by inverting the direction of 

the cell-equalizer current, the actual processing step time is 

presented as in Fig. 2(b). After the end of the operation of the pack-

charger and the cell-equalizer, the SOC level of the cells is 

equalized at the target SOC point. 

3. SIMULATION RESULT 

 To verify the proposed method, the simulations are 

implemented on PSIM for a battery string consisting of 20 cells 

(18650 3.6V/ 2600mA). The conventional method in [5] and 

proposed method are implemented under the same conditions as 

shown in Table 1. The initial SOC levels of the cells are varied 

between 30% and 60% while the target SOC point is fixed to 25%.  

 The simulation results of the conventional and the proposed 

methods are illustrated in Fig. 3 and Fig. 4, respectively. Both 

conventional and proposed methods can adjust and equalize the 

SOCs and voltages of the cells within 3% and 15mV, respectively. 

However, the proposed method only requires 3.1h, compared to 6h 

of the conventional method. The SOC and voltage profiles in Fig. 

3(a), Fig. 3(b), Fig. 4(a), and Fig. 4(b) reflect the difference 

between two control strategies. While the conventional method 

only charges the cells one by one and the pack-charger discharge 

the whole pack, the proposed method charges lower SOC level cells 

and discharges higher ones. The current profiles in Fig. 3(c) and 

Fig. 4(c) also illustrate the control strategies. 

 During the test, SOC loss inside the battery is calculated to 

assess the effectiveness of the conventional and proposed methods. 

By reducing the operating time, SOC loss of the proposed method 

is reduced to 50% of SOC loss in the conventional method.   

4. CONCLUSION 

This paper proposes a high-speed battery SOC adjustment 

algorithm utilizing a bi-directional cell equalizer in coordination 

with a pack charger. The proposed method coordinates the 

operation of the pack charger and the bidirectional equalizer. The 

SOC levels of the cells can be adjusted to a target level while the 

equalization status of the cells is maintained. The proposed method 

can achieve a high equalization performance while the total 

operating time is significantly reduced. Besides, the SOC loss of 

the proposed method is only 50% of SOC loss in the conventional 

method. Furthermore, because the calculation time of the proposed 

method is very fast, it can be implemented by a simple embedded 

system-based BMS 

ACKNOWLEDGMENTS 

This work was supported by the National Research 

Foundation of Korea (NRF) grant funded by the Korea government 

(MSIT) (NRF-2020R1A2C2009303). 

 

REFERENCE 

[1] M. A. Hannan, M. M. Hoque, S. E. Peng, and M. N. Uddin, “Lithium-

ion battery charge equalization algorithm for electric vehicle applications,” 

IEEE Transactions on Industry Applications, vol. 53, no. 3, pp. 2541–2549, 

2017. 

[2] Kim, Chol-Ho, et al. "Individual charge equalization converter with 

parallel primary winding of transformer for series connected lithium-ion 

battery strings in an HEV." Journal of Power Electronics, vol. 9, no. 3, pp. 

472-480, 2009. 

[3] J. Qi and D. D.-C. Lu, “Review of battery cell balancing techniques,” 

in 2014 Australasian Universities Power Engineering Conference 

(AUPEC), IEEE, 2014, pp. 1–6. 

[4] J. Sun, C. Zhu, R. Lu, K. Song, and G. Wei, “Development of an 

optimized algorithm for bidirectional equalization in lithium-ion batteries,” 

Journal of Power Electronics, vol. 15, no. 3, pp. 775–785, 2015. 

[5] Nguyen-Anh Nguyen, Phuong-Ha La, and Sung-Jin Choi, 

“Coordinated Operation Algorithm of Pack-charger and Cell-equalizer for 

SOC Adjustment in Second-life Batteries,” Journal of Power Electronics. 

To be published. 

Table 1: System configuration 

SOC target 25% 

Configuration 20S1P (18650-3.6V/2.9Ah)  45% 

|Ic| 0.53A 

|Ibal| 1.27A 

|Ip| 0.1A 

Efficiency of cell-equalizer 0.8 

 

 

 
 (a)  (b)  (c) 

Fig. 3: Simulation results of the conventional method: (a) SOC profiles; (b) voltage profiles; (c) current profiles of Ibal and Ic. 

 
 (a)  (b)  (c) 

Fig. 4: Simulation results of the proposed method: (a) SOC profiles; (b) voltage profiles; (c) current profiles of Ibal and Ic. 

 

0 5k 10k 15k 20k 25k

Time (s)

0.2

0.3

0.4

0.5

0.6

SOC1 SOC10 SOC11 SOC12 SOC13 SOC14 SOC15 SOC16 SOC17 SOC18 SOC19 SOC2 SOC20 SOC3 SOC4 SOC5 SOC6 SOC7 SOC8 SOC9

S
O

C

5k 10k 15k 20k 25k

Time (s)

3.74

3.76

3.78

3.8

3.82

3.84

3.86

V1 V10 V11 V12 V13 V14 V15 V16 V17 V18 V19 V2 V20 V3 V4 V5 V6 V7 V8 V9

V
o

lt
a

g
e 

(V
)

6h

0 0 5k 10k 15k 20k 25k

Time (s)

-1

-0.5

0

0.5

1

Icell Imas

C
u

r
re

n
t 

(A
) Ibal

Ic

Pack-charger 

activated

0 2k 4k 6k 8k 10k 12k

Time (s)

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

SOC1 SOC10 SOC11 SOC12 SOC13 SOC14 SOC15 SOC16 SOC17 SOC18 SOC19 SOC2 SOC20 SOC3 SOC4 SOC5 SOC6 SOC7 SOC8 SOC9

S
O

C

2k 4k 6k 8k 10k 12k

Time (s)

3.72

3.74

3.76

3.78

3.8

3.82

3.84

3.86

V1 V10 V11 V12 V13 V14 V15 V16 V17 V18 V19 V2 V20 V3 V4 V5 V6 V7 V8 V9

V
o

lt
a

g
e 

(V
)

3h

0 0 2k 4k 6k 8k 10k 12k

Time (s)

-1.5

-1

-0.5

0

0.5

1

1.5

Icell Imas

C
u

r
re

n
t 

(A
)

Pack-charger 

activated

Ibal

Ic

Cell-equalizer 

inerted

- 120 -



���������	�
	���	����������	��������	�������
��

�

�

�

�

�����

�����

�

�
�

 ! "# $
$

  
%

%&

' () *) +) ,) -') -()

./012345

'6(7

'68

'687

'6*

'6*7

'67

'677

'6+

9
:
;

</=>?9@11A2BCDD1EF29:;2GAHI4D01JD2GK=LE/D>02ID/K/M/J=2B/?A/E1ND/LJCK2;1KK2
BCKCJN1E42/J2;LLEA/JCD/LJ2O/D>2PCN)2;>CE=1E

Q=IF1J?GJ>2Q=IF1JR2P>ILJ=?<C2SC2CJA29IJ=?T/J2;>L/U

V1@CED01JD2LW2XK1NDE/NCKR2XK1NDELJ/N2CJA2;L0@ID1E2XJ=/J11E/J=R2YJ/Z1E4/DF2LW2YK4CJR29LID>2[LE1C

PEL@L41A2\1D>LA

]141CEN>2\LD/ZCD/LJ

1̂E/W/NCD/LJ

;LJNKI4/LJ4

_`>/=>?4@11AaCDD1EF9:;CAHI4D01JDCK=LE/D>0bcdedfdghCa/?A/E1ND/LJCKN1KK1iICK/M1E/JNLLEA/JCD/LJO/D>C@CN)N>CE=1Edjklmkmjno�

_9:;?K1Z1K4LWD>1N1KK4pqgrnCAHI4D1ADLCDCE=1DK1Z1Kstdenctnnubqedfqcdmgjcqcbjmvctnpneejdjwqdgcqdgno�

_</=>1iICK/MCD/LJ@1EWLE0CJN1djqptdnxnostdenctn@ELN144/J=D/01CJA1J1E=FKL44qlnHI4DC>CKWmvctqcdgctnpmgxngcdmgqewnctmo�

_PEL@L41A01D>LApqgrndwkenwngcnoryC4/0@K110a1AA1A4F4D10?aC41AB\9obncmKLONL0@IDCD/LJaIEA1J6

9I00CEF

_ zqccnlypqedrlqcml{dgpebodghqpnee|nubqedfnlqgoqkqp}|ptqlhnl~pqgqptdnxn�

� 9:;41D@L/JDWE11AL0

� :@D/0CK4O/DN>/J=3KLO1J1E=FKL445

� SLONL0@IDCD/LJCKaIEA1J

_ �mgxngcdmgqewnctmojtqxnqgdgven�drenqgoqems|jknnomknlqcdmg�

_ �lmkmjnownctmoqomkcjqa/?A/E1ND/LJCKNLJZ1ED1Ecmtqj

� GKKCAZCJDC=14mvpmgxngcdmgqewnctmo

� .O/N1KLO1E@ELN144/J=D/01ctqgpmgxngcdmgqewnctmo

_ .>1LE1D/NCK2CJCKF4/42LW2D>12@EL@L41A201D>LA4�

tcck���nppe�bejqg�qp�}l

��!�!�����$���$ �� ��� ����

� �cdedfnctnn�djcdgh4O/DN>?0CDE/�J1DOLE)mvctnpmgxngcdmgqewnctmo�

� �nkeqpnctnIJ/?A/E1ND/LJCKN1KK?1iICK/M1Eryqa/?A/E1ND/LJCKN1KK?1iICK/M1E�

� �qepbeqcnctn@ELN144/J=D/01LW/JA/Z/AICKN1KKrqjnomgctnN>CE=1DECJ4W1EL@1ECD/LJ

CJCKF4/4�

_ PEL@L41A2;LJW/=IECD/LJ

� G0LIJDLWN>CJ=1A?9:;K1Z1Kqvcnlq
knldmo3D?D'5

('(-2PLO1E2XK1NDELJ/N42;LJW1E1JN1

�"��������!�$#��� �����!# "�����!�$#�� ���������� ���!�$#���!����"#"�����

' 7) -') -7) (') (7)

./012345

'6(

'68

'6*

'67

'6+

9
:
;

7) -') -7) (') (7)

./012345

86�*

86�+

86�,

86,

86,(

86,*

86,+

L̂
KD
C
=
12
3̂
5

+>

' ' 7) -') -7) (') (7)

./012345

?-

?'67

'

'67

-

;
I
E
E1
J
D2
3G
5 �aCK

�N

PCN)?N>CE=1E2
CND/ZCD1A

() *) +) ,) -') -()

./012345

86�(

86�*

86�+

86�,

86,

86,(

86,*

86,+

L̂
KD
C
=
12
3̂
5

8>

' ' () *) +) ,) -') -()

./012345

?-67

?-

?'67

'

'67

-

-67

;
I
E
E1
J
D2
3G
5

PCN)?N>CE=1E2
CND/ZCD1A

�aCK

�N

;1KK?1iICK/M1E2
/J1ED1A

.CaK12-�2� ¡¢£¤¥¦§̈©ª«¬®¢ª§̈

9:;2DCE=1D °̄±

;LJW/=IECD/LJ ²̄³��́{�µ¶°²|·�¶̧ �̄�¹̀t~

º»¦º ²�°·̀

º»¼®½º ��̄¾̀

º»¿º ²��̀

XWW/N/1JNF2LW2N1KK?1iI

CK/M1E
²�µ

9\/

;1KKª

;1KK-

;1KK̈

9\-

9\(

9\3/À-5

9\3JÀ-5

9]-

9](

9]8

9]*

9XJ

B/?A/E1ND/LJCK
;1KK?1iICK/M1E

PCN)?
N>CE=1E

�@�N

�aCK

G;2S/J1

9\/

»Á

»ª

»̈

ÂÃÄÅ

ÆÇ ÆÈ ÆÉ ÆÊ

ÆË
ÌÊÍÆÎÅÍÏÊÐ

ÑÒÓËÅÔÔÃÊÕÍÆÃÄÅ

Ö ÆÆÓÆ×Ø

ÙÙÙ

���Ú� Û�

���Ú� Ú� ���$�$ Ü"Ý�

��� "��

Þ×ÆÆÅÒßÍÑ×Ëà

áâ

BCDD1EF2;CK/aECD1E

ãäåÍæÍÉÖç
���	è��é��ê

ãäåÍëÍÂ×ÒÕÅÆÍØÅìÅØ
���	í�����ê	î���������

�$ï�#" $!������# ��!�� ð���!�Ý�� $!�"#�ï� ð!�

�"��������!�$#��� �����!# "����!�$#�� ���������� ���!�$#���!����"#"�����

�$ï�#" $!������# ��!�� ð����!�!����ï� ð!�

�"  ����!�� $ï���!��
�"�ð�� ��

ñ� �"#���!����$���
� ��� $ï�

ò ²
²

{ ~
{~ {~

  �
��� ��� 

ó

ô
ô %

� PELN144/J=D/01LW@CN)?N>CE=1E¢¦

� PELN144/J=D/01LW/JA/Z/AICKN1KK¢ª

ò õ{ ~$�$ "Ý� ö

�

�

 "��
 

�� ��� ���

�

� óô ÷
%

ò õ ²{~ øù $�$ "Ý� $ ö ��ï �

$

�"#

��� ��� ��� ó  �
 

�

ô ô ÷
%

ò

�

�
�

��ï $
$

  
%

%&údct

²
�

õ

{~
�

$
$

$�$ "Ý�

��� 

���
�

%%
&

�
�

�

�
$
�"# ! "#

$
ö

�"�û �!ï

Ý
� 
�

���
Ý ó

ü

ý þ
ÿ �ôÿ �
� �

%%
&

�����
�

�
�

��ï $
$

  
%

%&

�

�
$ �"#

�

�"�û

Ý�
�

Ýü
%

B-

B(

BJ

B
\
�;
2;
/E
NI
/D

9\-

9\(

9\8

9\3JÀ-5

9]-

9](

9]8

9]*

\;Y2

â
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