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Abstract

In this paper, we propose a method to remove the circulating current which can occur in the parallel connection of the
high voltage series connected battery module in the battery pack. The removal way is a method of inserting a module
named VVSM (Variable Voltage Variable Module) using bidirectional DCDC converter and supercapacitor in place of one
or some of the cascaded battery cells in the battery pack configuration. In this module, it operates like a battery cell that
can be controlled at a desired voltage. VVSM is used to match the voltages of the cascaded battery modules very easily.
To demonstrate the proposed method, a PSIM simulation for battery model is used. In addition, the module with only the
battery cell connected in series and the module with the proposed VVSM are made, and the two modules were connected
in parallel to measure the circulating current between the two modules. As a result, it was verified that the proposed
method effectively suppressed the circulating current.
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Fig. 1. Open circuit voltage due to charging capacity [1].
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Table 1 Samsung ICR18650-22F data [2]
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Item Specifications
Rated capacity 2200mAh
Charging voltage 4.2V+0.05V

Rated voltage 3.6V
1C-rate(2200mA)
2C-rate(4400mA)

Maximum Charge Current

Maximum discharge current

Discharge end voltage 2.75V
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Fig. 2. Battery electrical model [4].
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V) VLOAD

|_LOAD

Fig. 4. Cycle current simulation circuit with battery capacity
change.
O824 HiE2| 8% Hal| mE w2 MR AlZo|Ms 2
oz T3 7714 RS sl
waS e o)t o)A
W A A E S 7k 1000890 4 )
I battery2e % 79 wig g
9 ‘H AAAEI ] Fhs B00F o= AlE
B2 Aol )
g7k |
A 8f L
battery22]
T mEAbo]o %

At

I_Battery2

| Batteryl

Fig. 5. Simulation of circulation current with battery capacity
change.
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Item Value Unit
Viv 9 \
Vour 3 Vv
Toyr 4 A
Alyyr 0.1 A

Frequency 200 kHz
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nnn}

Fig. 10. Simulation circuit for series connection of battery
model and capacitor.
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