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ABSTRACT

Cell voltage equalization is essential in a battery pack to guarantee high performance, safety and extend the
lifetime by eliminating the charge unbalancing problem. Many conventional charge balancing systems have been designed
and developed to solve this problem. Besides this, there are some problems still exist: switching power loss and longer
charge balancing time that lead to a less efficient charge balancing system. In this paper, resonant-boost LC converter base
charge balancing system has been proposed. The switching power loss in the switching components is reduced by
achieving zero current switching and the speed of balancing is substantially accelerated using a resonant boost converter.
In the simulation, the result of charge balancing with current and voltage characteristics of a series connected cells has
been shown. The result shows that the balancing process is substantially improved.
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INTRODUCTION

Battery as a portable electronics component plays
an important role providing electrical energy in the various
applications such as mobile, laptop, robot, electric vehicle
(EV) and hybrid electric vehicle (HEV). Based on power
and energy requirements, the size of battery or battery
pack is varied since a single battery cell has a limited
range of voltage and capacity which may not fulfill [1-4].
However, especially in EV, Series and/or parallel
connected Li-ion batteries are used to provide high voltage
and/or current. Nowadays, Li-ion battery has been focused
for EV due to high energy density, power capacity, and
low self-discharge rate. However, Li-ion battery cannot
tolerate overcharging and under-discharging limit (4.2V-
2.7V) [5-7]. Charging-discharging is the common fact for
EV. Indeed, a chemical reaction occurs during charging
and discharging operation. Frequently charging and
discharging causes ambient temperature and unbalancing
charge issue in the battery pack. This unbalancing charge
cannot provide the required power demand during EV in
traction and can even cause fire or explosion. However,
the battery pack needs to be provided safety and protect
from any hazardous circumstances. Therefore, a charge
balancing system in the battery management system
(BMYS) is needed to keep the battery pack in prolonging
high performance [9].

Previously a lot of research on the development
and design of the charge balancing system for battery cells
in battery pack have been proposed and very well
summarized [10-14]. The balancing systems are mainly
categorized into passive and active balancing. It is very
common for a passive balancing method that resistor
components are used to make a same state of charge
(SOC) between higher capacity and lower capacity cells.
The resistor components can be used in either fixed mode
or switch mode. The advantage of the passive balancing

method is simple to control and easy to implement.
However, in such a way balancing charge is just a large
amount of wasting energy in a battery pack.

Another charge balancing method rather than
wasting energy called active balancing method which
transfers energy from higher voltage cell to the lower
voltage cell. Based on the performance and efficiency, this
active balancing method can also be grouped into various
types of converter base balancing technique such as DC-
DC converter, Buck-Boost converter, flyback converter,
switch capacitor converter, resonant and quasi-resonant
switch capacitor converter. In the converter base charge
balancing technique, capacitor, inductor or/and
transformer diode and MOSFET switch are basically used
[15, 16, 17].

362



VOL. 11, NO. 1, JANUARY 2016

ISSN 1819-6608

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences ﬁ aa.

www.arpnjournals.com

—® -—
* B1 | g
— B — L
e B2 | " —
B3 |
* e
9 B4 »—
—e : .
* — G
Bx
L@ | Resonant-Boost -
Resonant LC
e Converter =

Figure-1. Block diagram of proposed balancing system.

Nowadays, resonant based efficient charge
equalization systems are more being focused due to
achieving zero current switching (ZCS) and zero voltage
switching (ZVS) to reduce the loss of switching,
conduction and electromagnetic interference [17]. A
resonant switch capacitor converter (RSCC) with phase
shift control has been proposed to balance the series
connected capacitor voltage during the charging and
discharging [18]. Moreover, based on RSCC, an automatic
charge equalization system has been designed and
developed. In the above work, the authors discussed LC
resonant tank, ZCS, and zero voltage gap (ZVG) to reduce
switching loss and finite voltage difference [19]. However,
this technique is perfect only for the two cell charge
balancing not for multiple cells because of the increasing
the battery cells, the number of LC resonant tank is
increased. To balance the charge among the multiple
series connected cells to cells, a concept of a bridge
network as well as LC resonant tank is introduced [20].
Another charge balancing system based on the
combination of boost DC to DC converter and LC
resonant converter is presented for the sake of boosting
zero voltage gap between the cells [21-24]. However, this
balancing system has still switching power loss problem.
Overall, a high- efficiency charge equalization system by
reducing power loss and improving balancing time is
needed.

Therefore, a new method based on resonant-boost
LC network is presented in this work. This method offers
an efficient and faster balancing system that reduces the
balancing time along with achieving ZCS and ZVG and
reducing circuit power loss and finite voltage difference.

THE PROPOSED BALANCING METHOD

The concept of the proposed balancing method is
come up with the combination of resonant boost and
resonant LC network (RBRLC) to increase the overall
system performance. Figure-1 shows the schematic
diagram of the charge balancing system for N series-
connected battery cells. The resonant boost converter has
been designed by adding a capacitor C; which is shown in
Figure-2. Resonant current flows through into an inductor
Lr and a capacitor Cr which leads to reduce switching
power loss of the higher battery cell. The circuit
configuration of the proposed balancing system is shown
in Figure-3. The main purposes of using RBRLC are as
follows:
1. Stepping up the voltage from battery B1.
2. Storing the step up voltage and provide to battery B2.
3. Achieving ZCS on the both sides (source cell and
destination cell) switches.
4. Improving the charge balancing time.
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Figure-2. Resonant boost converter [23].
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Figure-3. The configuration of the proposed charge
equalization system based on RBRLC for two cells.

OPERATION PRINCIPLE

There are two resonant tanks L,C; and L;C; from
resonant boost and LC resonant respectively. All switches
are MOSFET used in the proposed system and controlled
by the PWM pulse with the switching frequency and 50%
duty cycle. The switching frequency employed in the
system which is related to the resonant frequency from the

363



VOL. 11, NO. 1, JANUARY 2016

ISSN 1819-6608

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved.

ARPN Journal of Engineering and Applied Sciences ﬁ aa.

www.arpnjournals.com

equation-1. Particularly, in the resonant boost converter
portion, 25% duty cycle is used to control an auxiliary
switch Q3. The equalization process for two cells is
accomplished in four states.

o, == M

L.C, LC

Statel (0, t;):

The switches Q1 and Q3 are turned ON and the
battery, Bl is applied to the L,C; resonant tank. The
current from B1 starts to flow through the LC resonant at
the resonant frequency and causes sinusoidal current I(L;)
and voltage V(C,) into an inductor and across a capacitor.

Ve (t) = Vg [1-cos(@, )] )
. Vg, sin(o,t;)
i () = 7z ©)
where Z, = L

Cr

State2 (ti, t2):

When resonant capacitor Cr is charged, the diode
becomes forward biased. The capacitor Cr is clamped with
the LC network. The switch Q3 is turned off and stops
conducting current. The stored magnetizing current in the
resonant inductor is then delivered to the L;C; network.

. Vi — Ve .
1L1(t2):L—1t2 +ig(t) 4
1
Vi, =V, C
Vc1(tz):%tz +C_rVB1[1—COS((Drt1)] )
1 1

State 3 (t2, t3):

As the sinusoidal current, the stored energy in the
resonant inductor discharges to zero. On the other hand,
the stored energy in LC network is delivered to battery B2.
At this moment, the switches Q1, Q2, Q3, Q11, and Q12
are OFF and Q4, Q21 and Q22 are ON. The resonant
current flows in the opposite direction. The stored charged
in capacitor C1 also flows into battery B2.

Vi — Vesin(o, t)

iLr(t3) == 7 (6)

Vei(ts) = Vi, —Mcos(mrt) (7
1

i (t3) =-i(B,) (8

State 4 (t3, ts):

In this state, the switch Q2 is still turning ON but
no current flow through the resonant tank. As the negative
half cycle of the gate pulse, the other switches Q1 and Q3
are turned OFF.
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Figure-4. The states of energy transferring process for
proposed RBRLC (a) state 1 (b) state 2 (c) state 3
and (d) state 4.

CIRCUIT ANALYSIS

In the resonant boost converter portion at the
charging state, while current flows through the inductor Lr
and capacitor Cr, the voltage across the magnetizing
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inductor Lr and the amplitude of resonant boost current Im
are equal to

di
L= = Ve~ Ver (10)
Vi1 — Ve

Im(Lrl):L (11)

o,L cos(o,t)

At discharging state

Vi1~ Vo
I,Ly)=—"—"7—"7"—" 12
m(Le) o,L,cos(o,t,) (12)

Where V, =L, %Jrvm

Charging in the LC network,

di di
L, —L =V, +L, L4V, 13
r dt (Bl 1 dt Cl) ( )
Vg =V + L, d(llLr
L,(Ly)= (14)

o,L,cos(w,t3

RESULTS AND DISCUSSIONS

According to verify the system operation analysis
and to show charge balancing results, the simulation
results have been performed using PSIM 9.2 simulator.
The proposed equalization system is built for two cells. A
battery cell is modeled capacitor and resistor. Two
electrolytic capacitors of 20F with the initial voltage 3.6V
and 3.2V respectively and 40mQ have been chosen.
MOSFET switches are used as the switching components
and controlled by complementary PWM signals. The
values of two resonant tanks LrCr of SuH, 10uF and L,C;
of 5uH, 10uF are assumed. The switching frequency of 22
KHz is employed, which is closer to the resonant
frequency.

Figure-5 shows the resonant current and voltage
through inductor Lr and across capacitor Cr in terms of
gate signal of switches. It can be seen from the figure
resonant current starts to increase from 0 to maximum
10Amp while switch Q3 is ON and again starts to decrease
to 0 while switch Q3 is OFF. The diode D1 is conducting
fully when resonant current starts to decrease.

The current and voltage of inductor and capacitor
are flowing while diode is conducting shown in Figure-6.
It is noticed that current and voltage waveform is in quasi-
sinusoidal form.
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Figure-5. Resonant current and voltage waveform in the
resonant boost converter part.
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Figure-6. Resonant current and voltage waveform in the
resonant LC converter part.

The technique of achieving ZCS has a great
impact on improving system efficiency. Therefore, for
analyzing ZCS, Figure-7 shows the current flows through
the switching components (Ql, Q3 and Q21 as for
example). It can be seen that the switches are turned ON
when gate voltages are at zero. Figure-8 and 9 show the
results of equalization with different state of charge.
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Figure-7. Realization of ZCS of proposed RBRLC charge
balancing system.
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Figure-8. The balancing result for two cells.
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Figure-9. The balancing result for three cells.
CONCLUSIONS

A charge balancing system is a crucial part of
battery management system. This system helps to protect
the battery pack in EV from any awkward situation:
ambient temperature, unbalancing and fire explosion and
to improve the system efficiency. Therefore, in this paper,
resonant boost- LC network (RBRLC) has been presented.
The key term of the proposed system is a resonant boost
converter that not only boosts energy from higher cell to
lower cell, but also achieves ZCS in the switching
component of the higher cell voltage. The resonant LC
network also helps to transfer energy to lower cells with
the zero voltage gap. In the future work, the proposed
system will be improved for series and parallel
combination with modularization cells.
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