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ABSTRACT: The necessity for electric vehicle is increased in current time. Whereas the transitions to electric vehicle (EV)
continue, the accelerations of this processing play a significant roles in dropping environment problem. To accelerate this transitions,
charges unit should become public and charge times have to be reduce. This paper presents the direct current (DC) charger modules
with its circuits topology was study in details. The electric vehicles battery is charge through DC charger for fast charging. The
electric powers drives over AC to DC and DC-DC powers converter and reach the batteries. The initial stage is responsible to
convert AC to DC, represent lower harmonics contents and lower reactive powers from the grids, and provide fix DC buses voltages.
Though, the later tasks are charge the batteries with a controlling currents or voltages levels. The public topologies in the AC-DC
converters are the neutral boost Rectifier. Though, Phase-shift Full Bridges or LLCs resonance converter is widespread on the DC-
DC sides. The circuits’ model for those powers stage is demonstrated in the PC platforms and obtains the systems competence of
the DC chargers. The final stage is the propose ideas which presents that includes share the charging of the electric vehicles batteries
among two powers converter. The suggested design result shown that the DC charge systems effectiveness increase strangely on

highest outputs voltages level.

KEYWORDS: DC charger, DC-DCs Converter, Power Converter, Electric Vehicle, Electric Vehicles Chargers.

I. INTRODUCTION

The acceptance and the marketing of EV are incessantly
grow over the preceding decade [1]. The marketing shared
of electric vehicle is 9% in 2021 and it is expects to reached
13% in 2022 and 21.7% in 2030 [2]. Comparing to
conventional gas engines vehicle, there are numerous reason
to buy EV. There is no CO2 emissions in the power
conversions. Additionally, power sources electricity- is
lesser costly than gas that use in traditional car in existing
time. As EV comprise electric motor in tractions and no
needs to use switch gears, there is more efficiently,
comfortably, and noiseless [3 — 6]. The tractions electric
motors could provide higher torques at a standstill that make
EV higher dynamics and responsive. Furthermore, EV have
lesser component than conventional vehicle which mean
lesser maintenance and longer life. The last but not least
features are regenerate brake is continually conceivable that
made the EV a fuel savers without add any addition part [7-
9]. The increasing in the market of EV have controlled to an
increased in the markets of EVs charge station. The electric
vehicles chargers markets dimension reach USD 8.8 billion
and it is forecast to rise to USD 23.4 billion by 2028 with a
fixed 15% CAGRs. It is stated that the quantities of open
EVs chargers station are dramatic increase compare to
private charger [10]. Furthermore, many study is mostly
focus on increase the powers levels of free EV Chargers
Station as the peoples who drives electric vehicle typically

live in the city. Free EVs charger is classify into two
category; ACs Chargers and DCs Fast Chargers [11-13].
Community ACs charger have generally three-phase inputs
and provides up to 22 kW outputs powers. ACs charger
provides ACs and needs to uses an onboard chargers to
converts ACs into DCs. Consequently, the charges powers
levels are restrict by onboard chargers ability [14-16]. The
DCs fast charger offer DCs which straight charge the EVs
batteries without use an onboard chargers. Therefore, its
powers levels is only limits by chargers powers capability
and batteries temperatures throughout charging process.
Nowadays, the batteries charger powers limits reach about
350 kW [17-20]. Compare to ACs charging, DCs fast
charger is more appropriate for public area as the charge
times for every cars are limits and numerous cars user need
to uses charge station [21-23]. Electric vehicles charger
required higher-power and higher-frequency power
converter to efficient convert’s grids ACs powers to DCs
powers for charge the vehicle batteries. DC faster charger
have two stage in power conversions; ACs to DCs and DCs
to DCs conversions. The first one goals is to get fix DCs
voltages by draw lower harmonics contents ACs currents
from a three-phase grids. This circuit’s type is called “power
factors corrections circuit [24-26].

Some application use tradition transformers and rectifiers
circuit as an alternatives methods which might offer easy
implementations. Though, this system is constantly larger
and unwieldy. But the same goals could be implements by
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use AC-DCs and DC-DCs converter [27]. The above
mention converter is relative high systems effectiveness and
are more compacts. The second platform of the power
circuits provide variables DCs voltages on the outputs [28].
In addition, the carbon emissions of traditional vehicle is
amongst the big reason for the continue rises of global
warming in the world [29-35]. EV (Electrical Vehicle) works
to electric motors and batteries cells package. Since EV are
users and eco-friendly vehicle, the transitions from internal
combustions engines vehicle need to be faster and practice.
Fast charge times is significant issues that will speeds up the
transitions [36-45]. Though, this will causes more loads in
the power systems, thus both short charging times and
improved power qualities on the grids are seen as the most
basic goal for EV [46-48]. DCs faster charger plays
significant roles in these processing to reduce charge times
to optimum condition. Because of the sizes and capacities of
this system, the charge systems of EVs is locate outside the
vehicles due to the higher voltages and currents. These allow
the times to be reduce to 10 to 20 minute level [49-50]. The
controlling and components connection systems of the
network EVs is show in Figure 1.

Grid  Input Filter DC Fast Charger
e | 1]
T —
Vb ACtoDC I DCtoDC B
Converter l Converter Battery
Ve

Figure 1: Controlling and Components Connection
Systems of EVs Connected to the Networks

II. MATERIALS AND METHODS

The proposed model of DCs faster charging stations
connects with the batteries packs of a EVs illustrated in
Figure 2. The key component of the model include Grids -
Models the ACs supply voltages as a three-phase constant
voltages sources, DC fast charge stations - Model the power
electronic circuit to converts the ACs supply voltages from
the grid to the DCs voltages levels that the EVs battery pack
required. EVs battery pack — Models the battery pack as
series of batteries cell.
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Figure 2: Proposed EV-DC Charger Station Model in
MATLAB

The main component in EV-DC fast Charger stations in the
suggested model is the filters and ACs Measurement to
filters of the harmonic in the line currents and measured the
three-phase supply voltages and line currents as shown in
Fig. 3.

ABCY
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Figure 3: Filter and AC Measurement Model

The unity power factors (UPF) as front end converters
(FEC) to controlling the outputs DCs voltages at 800 V is
illustrated in Fig. 4.
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Figure 4: Front End Converters (FEC)

The converters circuits are modeled with three level of
fidelities as show in Figs. 5(a) and 5(b) Shows the average
inverter fidelity, Fig. 5(c) two levels, and Fig. 5(d) represent
the three level fidelity.
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(d) Three Level Inverter Fidelity

The isolated DC-DC converters supply constant charge
currents to the EVs batteries is highlight in Fig. 6.
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Figure 6: Isolated DC-DC Converters

These are the main components of the isolated DC-DC
Converter as shown in Fig. 7(a), and HF Isolation
Transformer is show in Fig. 7(b). The diode-bridge rectifiers
used in this model is illustrated in Fig. 7(c).
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Figure 7(a): Main Components of the Isolated DC-DC
Converter

6399 ‘ Jabbar Shatti Jahlool!, ETJ Volume 10 Issue 08 August 2025



“Efficient Electronic DC Charger for Electric Vehicle Using MATLAB”

Inductance

:
'
Magnefizing >
'
)

(b) Isolation Transformer

2
AN AN
o>t
s —
AN AN
<

(c¢) Diode-Bridge Rectifiers

The EVs battery pack model cells is connects in series and
the sensor to measures the battery terminals voltages and
outputs currents as show in Fig. 8.
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Figure 8: EV Battery Model
II1. SIMULATION RESULTS
After the model was running in MATLAB, the plots show in

Fig. 9 demonstrated the DC bus voltages and currents,
battery terminals voltages, and charge currents.

Battery Termina

Figure 9: DC bus voltages and currents, battery
terminals voltages, and charge currents.

The fast-charge units needs DCs connections and control the
DCs connections are significant required. There is numerous
different DCs bar voltages controlling scheme. This
controlling scheme is wide use include Master slave and
droops controlling mapping. In DC bars controlling
strategies and model, recommend to notice the article in [51]
in details. The voltages of DCs connections are adjusts
rendering to main voltages.

In this work, DC connections voltages could be regulate
independent of the main voltages. These arrangements could
be make rendering to the ration of the cut voltages of
batteries and modulations indexes of chargers. A stabilizer
of the DCs bars with the inverters outputs connections
depend on the sizes of the capacitors, which continue its
fluctuation in the DC currents values. This fluctuations could
be higher as a larger numbers of EVs charger that connects
to the bars. Due to these reasons, the capacitors values has to
be higher. It is suitable to uses the equal presented from
calculation in order to catch the suitable DCs capacitors
values. The concentrated value at the voltage and current
values of the definite DC charge levels are the references
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value of the voltage and current value in the batteries. The
reasons for the assignments of this value is due the specify
EVs not exceeded the extreme powers values. The formula
of calculate the powers of EVs is:

Pra = Vinaks X Imaks (D

The equity of the below formula is the DC bars capacitors
values and DCs bars voltages which could be make as:

V .
Vye < 2 2
dc Mmin ( )
_ Ax2xnxTxAGxcos®
Cac = (Vae)?xAv 3)
Where

A is apparent Powers, AG is the Powers Change Ranges, AV
is the Voltages Ranges, V. is the Dc bars Voltages, cos ¢ is
the Power Factors, and T is the Periods for ACs Voltages.

A. Battery Chargers

Double-side DCs/DCs converters collection play a
significant roles in the charging system of EV. Furthermost
current bi-direction DCs/DCs converter is characterize thru
currents or voltages supply from one side. The currents in
double side transducer should transports to both side.
Meanwhile there are no powers keys that work in this
method, the one ways powers keys like MOSFETs or IGBTs
must be chosen in parallel with the diodes. The batteries
characteristic to be designated in powers systems models to
be calculates is important. This parameter must be revise
rendering to the wanted results as there will be a batteries in
the systems that will draws the powers as a loads. The EVs
batteries parameter is explained in Table 1.

Table I: EV BATTERY PARAMETERS

Description Value reference
Battery Technology Lithium ion

Soc %50

Battery Capacity 35 kWh

M min 0.125

Series Resistance (R | 0.0175 Q

series)
Transient Resistance (R | 0.254 Q
transient)

Transient Capacitor (C | 8.1 F

transient)

Battery Inductance (Lyy | 0.002 H
Open Circuit Voltage | 400 V

(Voo
Minimum Battery | 200 V
Voltage (Vmin bat)

Control Loop CC/CV(constant current/

constant voltage

Inputs and outputs parameter of the proposed models in
SIMULINK is listed in Table 2. Providing that these
parameter is indoors the scopes of the standard, many value
could be designated for the models to be considered and
simulations could be performs.

Table II. SIMULATIONS INPUTS PARAMETER FOR
PROPOSED MODELS
Description Value
THD(total  harmonic  distortion | %5-30
current)

RAF(reduction factor) %20
Nislot) 10
PEA(power of electric vehicle) 90 Kw
Kioad (overload factor) 1.1
cos ¢ (power factor) 0.95
T(period for AC voltage) 0.02sn
N 0.5
Fs((switch frequency) 5 kHz
Three phase short circuit level 1200 MVA
Phase-phase voltage (Vims) 20 Kv
X/R ratio 8
Frequency 50 Hz
Primer voltage 20 Kv
Seconder voltage 800V
Frequency 50 Hz
Winding connection A-Yg

This approach works the best in guidance of fellow
researchers. In this the authors continuously receives or asks
inputs from their fellows. It enriches the information pool of
your paper with expert comments or up gradations. And the
researcher feels confident about their work and takes a jump
to start the paper writing.

B. Use of Simulation software

There are numbers of software available which can mimic
the process involved in your research work and can produce
the possible result. One of such type of software is Matlab.
You can readily find M-files related to your research work
on internet or in some cases these can require few
modifications. Once these M-files are uploaded in software,
you can get the simulated results of your paper and it easiest
the process of paper writing.

As by adopting the above practices all major constructs of a
research paper can be written and together compiled to form
a complete research ready for Peer review.

CONCLUSIONS

Growing environment problem in current time,
transformations in power system and digitalize world is the
issue that affects the transitions to EV the furthermost.
Hence one of utmost issue in the transitions to EV is the
integrations of charge unit into the grids. DCs faster charge
unit comes to the front because of the requisite for higher
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powers as the charge times need to be short for EV to be
favored. In this work, DCs faster charge units for EV have
been demonstrated in MATLAB environments.

In the demonstrating, the powers upcoming from the
networks create DC buses lines via the ACs/DCs converters.
The DCs buses lines represent the phase require for charged
the EV. Wholly EV to be connects to the chargers will draw
the powers from the DCs buses. The numbers of EV to be
connects to the grids increased day by day, the fluctuation on
the DCs buses will increased also. To keeps this fluctuation
at an assured levels, add the capacitors is required to keeps
the fluctuation at the wanted levels. Protection the
fluctuation at a confident levels has shown more active result
are achieved in EVs chargers. The proposed models strategy
in this work support fast charge of 10 EV at DCs levels-2
and support 200 kV main voltages, 800 V transformers
outputs voltages, 1.5 kV DCs buses voltages.

To keeps the mention value at the stated level, controlling
design is require. The chargers charge the EVs batteries by
use the powers it receive from the DCs buses. The section
that will controlled this processing is the batteries charging
controllers. The inverters take the powers from the grids and
feed the DCs buses after ACs/DCs conversions which
controlling the inverters controllers. When the result is
examine, the batteries voltages values fit into the fully
charges voltages values determine within the frameworks of
the nominal parameter enter into the batteries. The voltages
increase continuous up to this levels and ensure that the
currents is kept constant. In these method, higher currents
will supports fast charge. Therefore, it has been determine
that with the developments of controlling strategy, higher-
speeds charge will be smooth. It is suggested to carrying out
study by examine the powers qualities on the grids while
charge process at higher speed.
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