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A Modularized Charge Equalizer Using the Magnetizing
Energy of the Multi-Winding Transformer

Chang-Soon Lim', Dong-Seok Hyun', and Rae-Young Kim"

Abstract - The modularized equalizers normally use additional components among the modules in the long
series—connected lithium-ion battery string. In these approaches, the overall systems are heavy, bulky, and
high-priced. Furthermore, the losses related to additional components decrease the system efficiency. To avoid
these problems, a modularized equalizer, which has no additional components among the modules, is required.
This paper proposes a novel control scheme using the magnetizing energy of the multi-winding transformer for
the module equalization. In this scheme, the high duty cycle is applied to the module where the voltage is
higher than the reference voltage and the low duty cycle is applied to the module where the voltage is lower
than the reference voltage. Due to the different duty cycle, more electric charges are transferred from high
voltage module to the low voltage module during the turn—off switching interval. Using the proposed control
scheme, the equalizer system does not suffer from the size, cost, and loss related to the modularization. The
experimental results are provided to verify the effectiveness of the proposed modularized equalizer.

Keywords: modularized charge equalizer, multi-winding transformer, magnetizing energy
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(a) Equalizer structure for two modules
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(b) Equalizer structure for M modules

Fig. 1 System configuration of the proposed modularized charge equalizer
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Fig. 2 Operating modes of the proposed modularized charge equalizer
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Table 1 Experiment parameter

Lithium-ion battery 3.8 Ah
Battery internal resistance Fp, = 0.05 ohm
Switching frequency £ =10 kHz
Magnetizing inductance Lo =1 mH
Leakage inductance Lim =1 uld
Turns ratio Nyt N2=1:1
Initial cell voltages V1> Vp2>Vpa> V> Vs> Vs
.. Vai( =V # Vot Vigs)
Initial module voltage > Vi = Vst Viest Vg

Fig. 5 Test set for the proposed modularized charge
equalizer
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Fig. 6 Experimental waveforms for the module 1
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