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Enhanced Switching Pattern to Improve Energy Transfer Efficiency of
Active Cell Balancing Circuits Using Multi-winding Transformer

Sang-Jung Lee!, Myoungho Kim? Ju-Won Baek®, and Jee-Hoon JungT

Abstract

This study proposes an enhanced switching pattern that can improve energy transfer efficiency in an active
cell-balancing circuit using a multiwinding transformer. This balancing circuit performs cell balancing by
transferring energy stored in a specific cell with high energy to another cell containing low energy through a
multiwinding transformer. The circuit operates in flyback and buck-boost modes in accordance with the energy
transfer path. In the conventional flyback mode, the leakage inductance of the transformer and the stray
inductance component of winding can transfer energy to an undesired path during the balancing operation. This
case results in cell imbalance during the cell-balancing process, which reduces the energy transfer efficiency.
An enhanced switching pattern that can effectively perform cell balancing by minimizing the amount of energy
transferred to the nontarget cells due to the leakage inductance components in the flyback mode is proposed.
Energy transfer efficiency and balancing speed can be significantly improved using the proposed switching
pattern compared with that using the conventional switching pattern. The performance improvements are
verified by experiments using a 1 W prototype cell-balancing circuit.

Key words: Active cell balancing, Cell balancing techniques, Multi-winding transformer, BMS(Battery Management
System), Energy transfer efficiency
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Fig. 1. Current path of cell balancing circuit in the

conventional flyback operation: (a) Mode 1, (b) Mode 2, (c)
Mode 3, (d) Mode 4.
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Fig. 2. Equivalent circuit of mode 3 in the conventional
flyback operation.
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Fig. 3. Theoretical waveforms of the conventional flyback
operation.
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Fig. 4. Energy transfer efficiency in flyback operations.
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Fig. 5. Current path of cell balancing circuit in the proposed
flyback operation: (a) Mode 1, (b) Mode 2, (c) Mode 3, (d)
Mode 4.
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Fig. 6. Equivalent circuit of mode 2 in the proposed flyback
operation.
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operation.
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TABLE I
DESIGN PARAMETERS

Parameter Value
Model ICR18620-28A
Nominal capacity 2.8 [Ah]
Nominal voltage 37 [V]
Battery | Maximum Charging current 2.8 [A]
o Height 65.00 [mml]
Dimension
Diameter 1840 [mm]
Weight 430 [g]
Ip N-type 2.7 [A]
(I\F{I[%F?C) Ip p-ype 16 [A]
Vb 0.8 [V]
Jow 20 [kHz]
L 78 [uH]
Coss 300 [pF]
k= 0% Ln 74.1 [uH]
Ly 3.7 [uH]
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TABLE II
EXPERIMENTAL RESULTS OF FLYBACK
OPERATION

Experimental results of flyback operation

Parameter Value Tr'aI'lsfer
efficiency
Conventional It charge 113 [mA] 6894
. . 0
SWltﬁhlI'lg pattem IL],n()n*LaIgel 36 [ITIA]
Proposed Switching| —ILicharge 124 [mAl] 0606
0
pattem IL],n()n*LaIgel 5 [ITIA]
T
PWM3
PWM4 | 1
- ——
10us/div
200mA/div
(a) Conventional flyback operation
P IID
PWM3 1
PWM4 [ s i |
PP
10us/div
200mA/div

| LI

(b) Proposed flyback operation

Fig. 8 Key waveform in flyback operation.
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