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Abstract— The increasing environmental pollution caused by fossil fuel emissions from vehicles using
internal combustion engines has spurred the development of electric vehicles. The power sources for the
electric vehicles to operate are often stored in different types of batteries with different charging
requirements. Most batteries are charged from the grid sources through AC/DC converters for charging
battery packs. An effective charging system usually consists of a rectifier and a dual-active bridge (DAB).
A typical controller consists of the control of DC bus, PFC (power factor correction), constant voltage
(CV), and constant current (CC) for the battery. However, most conventional chargers only regulate the
voltage or current of the battery when charging. These types are mainly suitable for lead acid types and the
power factor correction has not been considered. Meanwhile, new generation battery packs as lithium-ion
batteries require charge of CC at first. When the battery charging voltage reaches a certain voltage
threshold, then switch to the mode of CV charge. Basing on the analysis of the battery charging
requirements of electric vehicles, this paper presents a battery charger control solution with capability of
CC and CV control as well as high power factor. The simulation results on MATLAB/Simulink have
validated the effectiveness of the presented method.

Keywords— Vehicle battery charger, power factor correction (PFC), dual-active bridge (DAB), constant

current (CC), constant voltage (CV).

I.  INTRODUCTION

The increasing environmental pollution caused by fossil
fuel emissions from vehicles has spurred the development
of electric vehicles [1]. Vehicle electrification is one of the
most potentially viable ways to reduce emissions into the
environment. The popularity of electric vehicles in the
future will significantly impact many different sectors,
especially the power grid. Many developed countries have
implemented policies to promote electric vehicle
deployment, making use of electric vehicles in recent years
more and more popular [2]. The operating energy of
electric vehicles is usually stored in battery packs, which
are in the direct current form. Therefore, chargers are
required to convert the AC power of the grid to the DC
power to charge the battery packs. The development of
electric vehicles has also made the battery and charger
technology significantly improved [3] due to the strong
investment of car manufacturers. Although electric
vehicles have active economic and environmental
contributions, however, electric vehicle battery chargers

WWwWw.ijaems.com

have had a negative impact on the operation of the existing
grid [4] - [7]. These impacts mainly cause the peak loads
for the power systems during the day. Therefore, battery
chargers play an important role in electric vehicle
development, charging capacity and charging time will
directly affect battery life. Battery charger requirements
should have high efficiency and reliability, low cost, light
weight, and safety in operation. Electric vehicle chargers
must ensure a low current harmonic distortion to minimize
negative impact on power quality and a high-power factor
to maximize the active power available from the grid.

The power sources for the electric vehicles to operate are
often stored through different types of batteries with
different charging requirements. The main type of battery
used today is lithium-ion [8]. This type of battery has
advantages such as high energy density, light weight, low
cost, non-toxic, and can use fast charging technology.
However, the biggest obstacle to this type of battery is that
it can cause an explosion if the charging specifications are
inadequate. One of the most important factors in charging
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is temperature. It can easily lead to fire [9] if the charge is
not well controlled. In addition, the high temperature
during charging also makes the process of alternating solid
electrolysis layers faster. This leads to an increase in the
internal resistance of the battery, so the storage capacity
and life of the battery are also significantly reduced [10].

Despite the negative effects on the grid, the popularity of
electric vehicle battery charging systems could also
provide active benefits to a vehicle-to-grid (V2G)
technology with a good management of this electrical
system [11] - [13]. This has confirmed the important role
of the charger control for electric wvehicles when
connecting to the power grid. The principle of a charge
system using an AC grid includes the components shown
in the block diagram in Fig. 1.

EMI - DC/DC )
filter —» Rectifier —» PFC converter_> Filter 3 Battery

Fig. 1 Block diagram of a charge system

In particular, the input of the charger must usually use an
electromagnetic interference filter (EMI filter) to ensure

that the harmonics of the charger are not generated into the
grid. The rectifier is used to convert AC power of the grid
to DC power to charge the battery pack. A PFC (power
factor correction) boost circuit is used to increase DC
voltage in combination with power factor control for the
charger. The DC/DC converter is used to control the
charging current and voltage for the battery pack and
isolated via a high frequency transformer. The DC/DC
converter can be either unidirectional DC/DC converter or
bidirectional one. Typically, vehicle-to-grid (V2G) and
G2V (grid-to-vehicle) (G2G) chargers require the use of
bidirectional converters.

There are many methods to charge electric vehicles [14],
this paper focuses on the chargers that attach to the electric
vehicle. This form of charging is called on-board battery
charger (OBC) [15]. These chargers are commonly used
for the BEV (battery electric vehicle). The content of this
paper focuses on the control of Level-2 charger for battery
packs with a rated voltage of 240 V, charging current up to
80 A, and charging capacity up to 20 kW. The charger is
researched to use a single-phase AC input source. The
charging system principle is shown in Fig. 2.
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Fig. 2 Principle-diagram of a charge system

II. CONTROL PRINCIPLE OF CHARGER

The principle of control for the boost circuit is shown in
Fig. 3. In which, the DC voltage and current are regulated
by using the Pl controllers. The rectifier overcurrent
protection is implemented by the current limiter. The
PWM pulse width Gpe of the booster transistor is
modulated by comparing the carriers with the value Dpgo.
The PFC is also implemented by using the waveform Ve o
after rectifying to produce the dc reference current. Then,
the waveforms of the AC input current and voltage are
shown in Fig. 4. In order to charge the battery using the
DAB converter, the phase shift method is used in this
paper. Then, the primary and secondary voltages of the
isolated transformer are defined as follows.
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Thus, the power transferred to the battery is defined as:
P= —8*\2/“° Vi sina 3
To* X

Where o is the phase shift angle between PWM pulses of
primary and secondary transistors of the isolated
transformer. The change of charge voltage AVpa using the
DAB converter is also defined as follows.
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Fig. 3 Control diagram of boost circuit
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Fig. 4 Grid voltage and current waveforms of charger Fig. 5 PWM pulses of DAB converter

Where Rioad is an equivalent load resistor of the battery.
Xur is the reactance of power transfer circuit.
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Fig. 6 PWM pulse generation for shifting the phase angle

Similarly, the charging current is also controlled according Regularly, the CC charge is applied for the first stage and
to the phase shift angle o basing on (5). The control the CV charge is adopted for the second one as Fig. 7
principle of the phase shift angle is shown in Figs. 5-6. when the battery voltage reaches a defined value.
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Fig. 7 Charging voltage and current characteristics

Table I. Parameters of battery cells

Description Value
Normal voltage 1.18 * Nb_ser
Rated capacity 6.5 * Nb_par
Fully charged voltage 1.39 * Nb_ser

Nominal discharge current {1.3 * Nb_par
0.002 * Nb_ser/Nb_par
6.25 * Nb_par

Internal resistance

Capacity at nominal
voltage

Exponential zone 1.28 * Nb_ser, 1.3 *

Nb_par

The rechargeable batteries in this paper use the model of
parallel and serial coupling of Panasonic lithium-ion
battery cells [16]-[21] according to the parameters as
shown in Table I. According to the charging standard
Level-2, the full charged voltage is up to 275 V and
charging current is up to 80 A. Therefore, the number of
cells will be selected as 198 in series and 6 in parallel,
respectively.

I1. SIMULATION RESULTS

The parameters of the charge system are given in Table II.
The simulation results are also showed in Figs. 8-13 with
three different reference currents as 40 A, 60 A, and 80 A,
respectively.
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Table Il. The system parameters

Description Value
Nominal voltage 233.6V
Rated capacity 37.5Ah

SoC 20%
Kp=5e-4; Ki=5e-3
Kp=1e-2; Ki=1e-1
Kp=1e-2; Ki=1e-2
Kp=1e-2; Ki=1e-1
Ci 18.8
Cv 112.8

Booster voltage controller

Booster current controller

DAB voltage controller

DAB current controller
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Fig. 8 Charging voltage and current with l,e=40A
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Fig. 9 Charging power with l=40A
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Fig. 10 Charging voltage and current with I.=60A

The first stage of the charge process is the constant current
(CC). When the charging voltage is up to 275 V, the
second stage, the constant voltage (CV), is used to charge
the battery until the charging current decreases to a
trickled current, the charge process will stop.

Page | 527


https://dx.doi.org/10.22161/ijaems.612.7
http://www.ijaems.com/

International Journal of Advanced Engineering, Management and Science (IJAEMS)

https://dx.doi.orqg/10.22161/ijaems.612.7

[Vol-6, Issue-12, Dec-2020]
ISSN: 2454-1311

When using the reference current of 40 A, the
characteristics of charging voltage and current are shown
in Fig. 8. Then, the charging power is about 10 kW and
shown in Fig. 9. This makes the charger spend about 2800
s to finish the charge process.
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Fig. 11 Charging power with l=60A

Similarly, when the reference current of the CC control is
60 A, the characteristics of charging voltage and current
are shown in Fig. 10 and the charging power is about 15
kW and shown in Fig. 11. In this case, the charger only
spends about 1950 s to complete the process of charge.
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Fig. 12 Charging voltage and current with I,s=80A

i 500 1000 1500 2000 2500 3000
Time (s)

Fig. 13 Charging power with l,&=80A

When the reference current is as 80 A, the charging power
is greater than 20 kW. The charger only takes 1550 s to
stop the charge process.

Therefore, the higher charging current the shorter time the
charger takes. However, the high charging current also
makes the temperature of the charger increase. This can
cause fire and explosion.

Thus, the users can choose the suitable charge mode
depending on the specific requirements.
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V. CONCLUSION

This paper has presented a method for controlling the
electric vehicle battery charger. The charger control
method is based on the DAB converter with the isolated
transformer. The control of constant current or constant
voltage is relied on the pulses phase shift of DAB
converter. The charge process has two stages. In the first
stage, the method of constant current is used to control the
charger. In the second one, the constant voltage method is
used to control the charger until the trickled current, the
charge process will end. The effectiveness of the control
method has also confirmed basing on the simulation results
on MATLAB/Simulink. In addition, the PFC has also
considered in the control of the boost circuit. This helps
the charger achieve the power factor of unity.
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