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Buck-Boost Active Cell Balancing Based on SOC Estimation for
Battery Pack in Electric Vehicles

Euntaek Nam, Sejin Lee, Youngsung Kwon'
Department of Mechanical and Control Engineering, Handong Global University
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Ao dAAY ARy v WP viEE] SAAE(SOC: State of Charge)?t /HHS2AHP(OCV: Open Circuit
Voltage)¥= AA v 9] FALEHE wYstA] ZolEg At A WAALS SPFct B7] oy} £ =52
&2 7t YE|(EKF: Extended Kalman Filter) 7]¥t9] SOC 5785 Bdll A BHAS skl 719 ALt 8y
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ugke] 42 X5 Hirh 4 SOC AEE B o Al 719 oA Whd4E 35t7] 93] H-RAE AWEE
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Abstract A BMS performs energy balancing between cells to reduce energy imbalance that occurs in a battery
pack in electric vehicles. In previous studies, terminal voltage information or a pre-mapped SOC-OCV
table was mainly used for energy balancing but cannot show accurate cell balancing because balancing
was not performed based on an actual battery's charge state. This paper proposes an effective balancing
operation method of BMS by performing cell balancing through SOC estimation based on an EKF and
a comparative analysis with existing voltage-based balancing methods. Modeling of a battery's equivalent
circuit and step-by-step parameter extraction were performed for EKF-based algorithm design, and the
SOC estimation results showed low error of less than 1 % in all sections of SOC except for the initial
stage. Based on the estimated SOC, a buck-boost converter was designed to perform energy balancing
between cells. The balancing result showed that SOC at the time of equalizing voltage between cells had
a deviation of 3.97 %, which confirms that equalization of voltage due to balancing is slightly different
from equalization of the actual SOC. The method proposed in this paper can improve the reliability of
BMS operation by contributing to the analysis and impact of actual SOC-based balancing.
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Fig. 1. First-order equivalent circuit model
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Where V,., denotes the open circuit voltage of

&
v

the battery, V,, denotes the terminal voltage of
the battery, and V, denotes the voltage applied
to the internal resistance R;, and Vj denotes the

diffusion voltage applied to the RC network, and

34

1, denotes the input current, and R; denotes the
diffusion resistance, and C,; denotes the diffusion

capacitance
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Fig. 2. Equipment for parameter extraction
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T=0

Electric Load On :
0.5 C-rate is discharged for
360 seconds
!

Electric Load Off :
Battery goes to rest mode for
3000 seconds & T=T+ 1

Is the value T equal to 197

Fig. 3. Flowchart of battery parameter extraction

Table 1. Multi-cell parameter average values

SOCIA] Ry Ry Cyn
5 0.069637 0.040366 15089.58
10 0.066582 0.021491 29858.44
15 0.062788 0.029504 20747.38
20 0.059515 0.025450 24423.33
25 0.062542 0.029572 22729.07
30 0.056350 0.032339 19210.38
35 0.059898 0.038188 15830.97
40 0.060583 0.035682 16889.47
45 0.060076 0.028120 21685.50
50 0.061487 0.024409 25097.55
55 0.061911 0.024203 25552.22
60 0.059515 0.028915 21437.41
65 0.060775 0.038435 15744.57
70 0.059871 0.034093 17862.40
75 0.062076 0.034901 17330.59
80 0.060843 0.039393 15387.52
85 0.060665 0.030778 19746.34
90 0.062624 0.021792 28285.77
95 0.063857 0.021792 28285.77
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Where A, denotes the transition matrix relating

to step k to the step k+1, and B denotes the
control matrix, and «; denotes the state vector at
time k, and y, denotes the measurement vector,
nonlinear

and  h.(z,u,)  denotes  the

measurement matrix, and D denotes the internal
resistance £&;, and U denotes the [ w, denotes

the process noise, w denotes the system process

noise, and v denotes the measurement noise
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Where At denotes the sampling time between &
and k+1, C, denotes the available maximum

capacity of the battery
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EKFE k—1 AH9] Aol&3t o, o AelE <
AFEA P S o8] A 43 2.9 Ag A&
S, k A1) 3243 2,3 PS JulolEsts o
& AYHELh Eq. (12)-(13)& EKFY 9% &
(Prediction Update)& WL, Eq. (14-(16)2 &
Z dA(Measurement Update)S YERHATH13].

a7 = fl@y 1w )+ BL (12)
P = AP A+ Q, (13)
K, = P (HPH+ R,) (14)
&, = o7 + Ky, — Hiay) (15)
P, = (I- K.H,)P; (16)

Where K, denotes the Kalman filter gain, and £,
matrix of  the

and @,

covariance matrix of the process noise, and 7

denotes the covariance

measurement noise, denotes the

denotes the unit matrix
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Fig. 4. The operation of EKF for SOC estimation
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Fig. 5. Configuration of Buck-Boost converter
balancing circuit
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Fig. 7. Working principle of 2-cell balancing circuit
(a) Mode 1 (b) Mode 2

Mode 1 (¢, < t < t,): Fig. 7(a)= MOSFET Q,2
AA7F 22 FH, Q7F B GEE viEE A A9
g LE Soi 55271 J49nh AF= A ARRE
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Where R, denotes the parasitic resistance of the
L, and R, the

drain-source, and R denotes the sum of R, and

denotes the resistance of

R, i,(t) denotes the discharge current in the

closed loop of the Mode 1

Mode 2 (t, < t < t,): Fig. 7(b)olA Q= ¥ At
g, Q= 23 AH= JgE, Lo AgH AdA=
Al B2 AgEr) o9, AAH tt Blstt BE A9
A7F @Y A2 Ak

Q7F 9 AEE A=Y H2x o A7 i, (¢) 7t
521, Mode 13} Zo] A7 @AYFth Eq. (20)
£ A BY AYE YEiH, Eq. 21)= Eq. Q0)ZHH
Ak i, (1) & Yerith Fig. 70)e Lyt (05

YEFH, Liconarge 2 R 18] #o2 HAH.

diy(t)
Veew p=—L—g—— i (t) (20)
Vee - -
iy (t)=— ]g Zle Flme 1) @1

Where 4,(t) denotes the charge current in the

closed loop of Mode 2

- .E :
Cell B .ﬂ Q QH‘I

cellC D 4

(a)

Fig. 8. Working principle of 3-cell balancing circuit
(a) Mode 1 (b) Mode 2

Fig 82 3 7o) Asw 7= WA4 slzo] 52

E]lE Mode ¥E MHslth W-BAE W34 Ao
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Fig. 9. Multi-cell voltage discharge
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Fig. 10. SOC estimation result
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Fig. 11. SOC estimation average error
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QA& Kol 95 SOC

oX
C
o

4.2 SOC vs Zgf 7|4t
Fig. 12 SOCS}F A 7|9t

Initialization

]
1 Voltag—eIBaIancing strategy

SOC Balancing strategy
f

Measure the voltage/Current value
of each cell

Measure the voltage
value of each cell

I EKF Algorithm I
1] | Calculate AV |
| Estimate SOCeey o and SOCeeng | |

Balancing until AV is less than
0.005 V

Calculate ASOC

|

Balancing until ASOC is less
than 0.005

1

| Update the states I

Fig. 12. Algorithm of SOC balancing and voltage balancing
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Table 2. Experimental parameters setup

Element Parameter
Model INR18650-35E
Battery Nominal capacity 3,350 [mAh]
MOSFET FDPF20N50FT
Buck-Boost Gate driver TLP250
converter
Inductance 100 [pH]
Switching frequency 30 [kHz]

DC Power supply

Oscilloscope

Fig. 13. Prototype circuit with experimental equipment

Fig. 14&= MOSFETY AP°|E-AA(Gate-source)
AY 1%L vetdth. 84 2= A9F S 30
kHzol A 52519, Fig. 82 293 Q& @, &
w2} Al AZRE Al BE oyA]7t AEEh Fig. 15(a)
9} Fig. 15(b)= FA7I(Relaxation period)ollA 4000
st AE AP SOC 719ke] ¥4 AAE verd
ok Ay ZA3 A 7HY] HA2 3572 sollA] s’ M9t
o7 FSoIAAR, AR SOCE oA|A] Eddo] &
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Table 3. Deviation of SOC and voltage

Balancing stage AV ASOC
Initial 252 [mV] 27.96 (%]
End of voltage balancing 2 [mV] 3.97 (%]
End of SOC balancing 2 [mV] 0.4 [%]
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