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Abstract- In the lithium-ion batteries for an electric-drive 

vehicle, the cell balancing is required to enhance life time of 

batteries and to guarantee safety. In the vehicle-to-grid (V2G) 

system, batteries of electric-drive vehicle are more frequently 

charged or discharged, which increases probability of cell 

imbalance. Therefore, battery management system (BMS) with 

efficient cell balancing operation is necessary. To achieve 

efficient management of lithium-ion batteries with high capacity 

for the V2G system, this paper proposes a modularized BMS 

structure with an active cell balancing circuit. The proposed 

BMS shares a multifunctional switching block for cell voltage 

monitoring and cell balancing. By sharing monitoring and 

balancing operation, a cost-effective BMS with small size can be 

achieved. In this paper, the structure and operational principles 

of the proposed BMS are presented. To confirm the validity of 

the proposed scheme, a prototype of 20 lithium-ion batteries 

with 25Ah is designed and implemented. Cell balancing 

performance is also verified by an experiment. 

I. INTRODUCTION 

Nowadays, lithium-ion batteries are considered as one of 

the viable energy storage device for electric-drive vehicles 

(EDVs), such as hybrid electric vehicle (HEV) or electric 

vehicle (EV), due to its high energy density and low self

discharge rate [1]-[ II]. However, since the cell voltage of 

lithium-ion battery is as low as 4V, the series connected 

battery string is required for driving a high voltage electric 

motor in EDVs [12]. Nevertheless, when the battery string is 

repeatedly charged or discharged, the charge imbalance of the 

batteries occurs owing to mismatching of internal impedance 

and ambient effects [1]-[11]. Fig. I shows an available range 

according to state of charge (SOC) when batteries are charged 

or discharged. Lithium-ion batteries should be protected from 

overvoltage because overcharging of the batteries may incur 

explosion and fire, and undervoltage protection is also 

required since deep discharge degrades characteristics of 

batteries [13]. Therefore, batteries should be charged or 

discharged within the safe operating range [13]. However, 

when SOC is unbalanced as shown in Fig. 1 (a), the charging/ 

discharging operation is limited by the strongest or the 

weakest cell, which reduces the available range of batteries 

[14]. Hence, this phenomenon decreases the effective storage 
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Fig. 2. Vehicle-to-grid (V2G) system 

capacity and worsens characteristics of the batteries because 

of more frequent charging/discharging cycle [15]. Therefore, 

as shown in Fig.1 (b), cell balancing should be realized to 

widen the available charging/discharging range and to extend 

the life cycle of the batteries [I ]-[22]. 

Fig. 2 shows a V2G system [23]. In the V2G system, bi

directional power transfer exists between a grid and a vehicle. 

A Battery can be charged during low demand times and 

discharged when power is needed in the grid [23]. Hence, 

batteries of EDVs in the V2G system are more frequently 

charged or discharged, compared to general EDVs. [t 

increases probability of cell imbalance. Therefore, a BMS 

with efficient cell balancing operation is more necessary in 

the V2G system. 
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In order to achieve efficient and feasible management of 

lithium-ion batteries with high capacity in the V2G system, 

this paper proposes a modularized BMS structure with an 

active cell balancing circuit. The proposed BMS shares a 

multifunctional switching block for cell voltage monitoring 

and cell balancing. By sharing monitoring and balancing 

operation, a cost-effective BMS with small size can be 

achieved. 

In this paper, the structure and operational principles of 

proposed BMS are presented. To confirm the validity of the 

proposed scheme, a prototype of 20 lithium-ion batteries with 

25Ah is designed and implemented. The experiment results 

show outstanding cell balancing performance of the proposed 

BMS with an active cell balancing circuit. 

II. PROPOSED MODULARIZED BMS STRUCTURE 

A. Structure description 
To increase the reliability and productivity of battery, the 

modularized batteries are usually used in the EDVs [24]. 

Because a large battery pack is required in the EDVs, the 

centralized BMS is not suitable for EDVs due to the 

complexity of the wiring harness between the cells and the 

BMS as shown in Fig.3 (a). Therefore the BMS should also 

be modularized as shown in Fig.3 (b). Slave BMS of 

modularized batteries is independently operated regardless of 

other slave BMS and communicates with master BMS. Each 

slave BMS contains a microcontroller to perform the 

following basic battery management functions: 

- Communication with master BMS 

- Battery voltage and temperature sensing 

- Over voltage and current protection 

- Cell balancing 

FigA shows the mechanical structure of proposed BMS. 

Whole Batteries and BMS are divided into N-modules. 

Connection board is mechanically connected to each battery 

module by soldering. Slave BMS can be easily connected to 

slot on the connection board without the bulky wiring harness. 

Fig.5 presents the block diagram of the proposed BMS 

structure. Modularized microcontroller monitors cell voltage 

of battery module by using a multifunctional switching block, 

and communicates with a master BMS to transfer sensing 

data. Module DC-DC converter is also connected to the 

switching block to achieve active cell balancing. The Charge 

of the battery module can be distributed to the undercharged 

cell through DC-DC converter and switching block. 

B. Time-shared operation of switching block 
Time-shared operation of the switching block is determined 

as following conditions: 

(a) (b) 

Fig. 3. Modularized batteries, (a) centralized BMS, (b) modularized BMS 
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Fig. 4. Mechanical structure of proposed BMS 
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Fig. 5. Block diagram of the proposed BMS 

• When EDVs are operated in normal driving, states of 

batteries are varied according to driving conditions of EDVs, 

such as acceleration and regenerative braking. Hence, 

accurate and fast sensing operation is required to predict 

exact voltage and state of the batteries. Therefore, slave BMS 

uses switching block as sensing path only when battery string 

is not connected to grid. As shown in Fig. 6 (a), 

microcontroller obtains the cell voltage through the cell 

selection switches (Sk) and ADC switch (QA)' Because the 

series connected cells are at different voltage reference levels, 

cell voltage can be obtained by flying capacitor. The 

operation process is as follows. First, Sk makes connection 

between one of the cells and flying capacitor, then the cell 

voltage is transferred to the flying capacitor. Second, the 

connection status is changed from Sk to QA and the 

microcontroller reads the voltage of the flying capacitor. 

These switches are sequentially turned on from first cell to 

last one. At the same time, micro controller stores the voltage 
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Fig. 6. Operational principle and switching signal, 

(a) w/o grid connection, (b) with grid connection 

information of each cell, and sends sensing data to the master 

BMS, In this state, PWM switch (QpWM) for DCIDC 

converter is not operated, 

• When batteries are connected to grid, the charging and 

discharging current is predictable by constant charging! 

discharging current of on-board charger (OBC). Therefore, 

slower sensing cycle is permitted. Switching block is used as 

powering path as well as sensing path. Fig. 6 (b) shows 

operational principle and switching signal when batteries are 

connected to grid. Sensing method is the same with Fig.6 (a). 

But time-shared switching block provides powering path for 

cell balancing. After all of the cell voltages are obtained, 

microcontroller makes the priority list of cell balancing and 

turns on the switch of the weakest cell (Sw)' The weakest cell 

is connected to output of DC-DC converter through cell 

selection switches. Microcontroller also turns on QpWM to 

operate DC-DC converter. By using DC-DC converter, the 

charge of battery module can be redistributed to the weakest 

cell. 

Fig. 7. Flow chart of proposed BMS with an active charge equalization 

Fig.7 shows flow chart of the proposed BMS with an active 

cell balancing. Master BMS wakes the slave BMS up when 

EDVs are working or connected to grid. The Slave BMS 

scans the cell voltage and judges the cell status. If one of 

batteries is even deviated from safe area, the protection circuit 

operates and slave BMS gives signal to warn. When every 

cell is located in safe area, slave BMS starts to communicate 

with master BMS. Master BMS gives the information of grid 

connection state. If EDVs are not connected to grid, the slave 

BMS continues scanning cell voltage. In case EDVs are 

connected to grid, the active cell balancing is started. 

Module-microcontroller finds the weakest cell and compares 

the voltage of the weakest cell and the average voltage of 

battery module. When the voltage difference is larger than 

the specified voltage gap, e.g., 10mV, microcontroller 

operates the DC-DC converter and the active cell balancing is 

started. After active cell balancing during fixed time, the cell 

voltage sensing is restarted. The operating time of DC-DC 

converter is designed by minimal sensing period because 

sensing is not permitted during balancing operation. 

C. Sub-modules of switching block 
The voltage stress of switching block is the same with the 

whole voltage of the modularized battery. The proposed 

structure requires many switches for multifunctional 

switching block. Therefore, high voltage stress of switches 

increases the production cost and decreases the efficiency due 

to worse characteristics, such as high on-resistance of switch. 

To reduce the voltage stress of switches, the switching block 

is composed of two sub-modules as shown in Fig. 8. 

However, to obtain the two sub-modules of switching block, 

multi-output converter is needed. Moreover, additional noise 

filter and ADC relay switch are required. Therefore, sub

modules should be properly divided considering the voltage 

stress of switches and additional components. 
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Fig. 9. Fault check of multifunctional switching block (a) normal state, 

(b) Malfunction state 

D. Fault check a/switching block 
If any switch in the switching block broke down, the slave 

BMS cannot operate properly because multifunctional 

switching block is used as sensing path as well as balancing 

path. Therefore, the fault check of switching block IS 

important. Fig.9 shows a simple fault checking method of 

switching block. The voltage of flying capacitor is 

exponentially self-discharged when it is not connected to 

battery cell. Therefore, multiple sensing per each cell can 

detect the fault of switching block as shown in Fig.9. 

However, multiple sensing per each cell will increase total 

sensing period of overall system, thus it should be limited by 

circuit designer. 

III. EXPERIMENTAL RESULTS 

In order to verify the operation of the proposed BMS, a 
prototype of 20 lithium-ion cells is designed and 

implemented. Fig. 10 shows a photograph of the prototype. 
The cell selection switches per each cell are located in the 
Area A of the Fig. 10, and the multifunctional switching 
block is composed of cell selection switches. A small size of 

(a) 

(b) 
Fig. 10. The photograph of an implemented prototype, (a) top, (b) side 

BMS can be achieved by adopting a multifunctional 

switching block. In this experiment, the commercial 25Ah 

lithium-ion batteries of twenty cells are used in series. The 

batteries consist of two sub-modules (B1�BlO' Bll�B20)' and 

multi-output tlyback converter of lOW for an active cell 

balancing is implemented as shown in Fig 10. 

To verify the active cell balancing performance, cell 

balancing test is conducted. The voltage of the most 

overcharged cell (B3) is 3.877V, the voltage of the most 

undercharged cell (BI4) is 3.798V and the average voltage is 

about 3.872V. Voltage gap is 0.079V and 1 1.2% SOC gap is 

made approximately. Table I summarizes the parameter of the 

proposed BMS prototype and the status of lithium-ion battery. 

Fig. I I and Fig. 12 show experimental waveform of tlyback 

converter and balancing current flowing into the weakest cell 

respectively. As shown in Fig. 12, balancing current 

periodically flows to the weakest cell according to sensing 

data. 

TABLE I 
PARAMETER FOR THE PROPOSED BMS PROTOTYPE 

Parameters Value 

Primary switch QplVM FQDlON20 

Secondary diode SSC54 

PWM generator 
TL494 

DC-DC (j;=90kHz) 
Cell converter 

Core EPD2020 
balancing 

circuit 
Transformer NJ.N2.N3 30:4:4 

L/!/ 190uH 

Lkg 3.l7uH 

Switching Microcontroller Atemega8 

block Cell selection switch A04828 

Capacity 25Ah 

Average voltage 3.872 V 
Lithium-ion battery 

Maximum voltage (BJ) 3.877 V 

Minimum voltage (B 14) 3.798V 
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Fig. 13 shows the cell balancing performance of the 

proposed BMS. After cell balancing for 72 minutes, the gap 

of SOC is diminished from 1l.2% to 1.4% by periodic 

balancing current as shown in Fig. 13. Battery states before 

and after cell balancing are shown in Fig. 14. After active cell 

balancing, the minimum voltage (V B3) is increased as about 

65mV, but 4mV voltage reduction of the maximum voltage 

(V B14) is only shown. The average voltage is nearly the same 

with that before cell balancing when the active cell balancing 

of 72 minutes is completed. This experimental result shows 

high efficiency of active cell balancing. 

IV. CONCLUSION 

In this paper, a modularized BMS structure with an active 

cell balancing circuit for the V2G system is proposed, and a 

prototype was implemented. The proposed BMS shares a 

multifunctional switching block for cell voltage sensing and 

cell balancing. By sharing monitoring and balancing 

operation, a cost-effective BMS with small size can be 

achieved. Moreover, high performance of active cell 

balancing is also shown in the experimental results. Therefore, 

the proposed BMS structure is expected to be suitable for the 

series connected lithium-ion batteries with high capacity for 

the V2G system. 
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