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Abstract—The main reason for the global climate change problem and at the same time the main source of the prosperity achieved
by humanity is the use of more energy. However, most of the energy produced on a global scale is of fossil origin, and the high
price, limited resources and many negative effects such as causing excessive global warming have made it necessary to increase
the use of renewable energy sources. One of the main reasons for the global warming problem has been to develop and use electric
vehicles, especially in the automotive sector, in order to overcome the emission of carbon dioxide gas emitted by vehicles with
internal combustion engines. The biggest obstacle in the spread of electric vehicles is that the range limit depending on battery
performance has not yet reached the desired levels. However, vehicle ranges that have improved as a result of scientific studies
on battery technologies in recent years have rapidly increased the number of electric vehicles in the market. Correct analysis of
the battery pack, which is one of the critical subsystems of electric vehicles, affects important performance criteria that directly
concern the user, from driving performance to range. In this study, a battery charging system for an electric vehicle was designed
and simulated using a dual-flyback converter. Theoretical analysis, modeling, fuzzy logic-based control design and evaluation of
system performance of the proposed battery pack and charging circuit were carried out in Matlab/Simulink environment.
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1. INTRODUCTION
Humanity has faced a new problem called global warming in the last 50 years [1]. Sea water temperatures are given as a result of
global warming for the last 120 years. 0 degrees (reference point) is determined as the average temperature between 1961-1980 in the
graph. The sea water temperature has increased by approximately 0.8 degrees in the last century. One of the most important causes of
global warming is the decrease in fossil fuel resources and its negative effects on the environment, so the interest in the production of
renewable energy is increasing day by day [2]. While fossil fuels that cause pollution and climate change are not easily accessible in
all geographical regions of the world, it is a more efficient way to benefit from more accessible renewable energy sources [3]. Faced
with limited and gradually decreasing fossil fuel reserves, most of the countries are now looking for alternative energy sources [4]. For
economic and social development and human life; Reliable, cheap and clean energy supply has become the most important problem
today [5]. As it is known, as an alternative to traditional energy production methods, the most effective ways to produce electrical
energy without harming the nature are to use solar [6], wind[7-8], hydraulic[9] and biogas [10-11] energies, respectively.
2. BATTERY CHARGING SYSTEM DESIGN
The charging circuit that provides energy to a battery should be designed in such a way that it can safely charge by providing the
necessary current and voltage control according to the electrical characteristics of the battery. In general, battery charging circuits are
briefly called chargers. The batteries of electric vehicles are generally charged by methods such as constant voltage, constant current,
uncontrolled current, pulse load, negative pulse, drip, float, random, constant current-constant voltage [12-13]. A wide variety of
rechargeable batteries have been developed in the electric vehicle industry, but among all available types, lithium-ion batteries are
considered the best because of their properties and performance. The most popular battery charging procedure for these batteries is the
constant current - constant voltage method. The constant current - constant voltage charging characteristic of the lithium-ion battery is
given in Figure 1.
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Fig. 1.

Charge Characteristics of Lithium-Ion Battery

Constant current charging is the maximum rate of charge that the battery can withstand without damage. Special precautions need
to be taken to maximize the charge rate and at the same time ensure that the battery is fully charged while avoiding overcharging.
Therefore, before the cell voltage reaches its upper limit, the charging method is replaced with constant voltage. This situation requires
lithium-ion cell chargers to be able to control the charging current and battery voltage. In constant current mode, the charge-to-charge
rate occurs very quickly until the upper limit of the battery voltage is reached. After the battery voltage reaches the upper limit, it is
switched to constant voltage mode and the charging voltage is kept at this level. During this period of constant voltage, the charging
current begins to decrease. When a predetermined minimum current point is reached (usually 3% to 5% of the charge current value),
cut-off occurs, indicating that the battery has reached full charge. Lithium-ion batteries have a nominal voltage of 3.6 V and are usually
charged up to 4.2 V. Here, the capacity of the IC battery is ampere-hour (In cases where electrical power conversion is required, power
electronic converters are used. For applications that require insulation and low power, forward and flyback converter types are mostly
preferred [14]. Flyback-based transformer circuit designs are easy to control and few However, the leakage inductance of the
transformer used in Flyback type converters is an important problem. This leakage inductance causes serious voltage increase in the
control switch of the converter and negative effects such as high power losses. There are some techniques to improve these problems.
One of these techniques can use a braking resistor (RCD) to limit voltage spikes at active switches [15]. With this method, the energy
stored in the transformer's leakage inductance is dissipated over the RCD resistor.
2.1 Dual Type Flyback Converter
In power conversion, two-switch dual-type flyback converter structure can be used to recycle the leakage energy of transformers
[16]. However, two active switches are needed in this circuit topology [17]. An active clamp circuit can be implemented to eliminate
the voltage spike in active switches. In addition, this converter can also provide zero voltage switching for the active switch. However,
this converter uses two transformers for high power applications [18]. The circuit configuration of the proposed converter is shown in
Figure 2. The proposed converter consists of a switch S, two transformers T 1 and T2, three diodes and three capacitors [19]. The
windings in transformers T1 and T2 have the same relative directions of turns, N1p = N2p and N1s = N2s and their turns ratios a = N1s /
N1p = N2s / N2p. The leakage energies of transformers T1 and T2 can be converted back to capacitors C1 and C2 through the diode D1 in
the closed period S. Therefore, power losses can be reduced. To simplify the circuit analysis of the proposed converter, all components
are assumed to be ideal. Therefore, the losses of the circuit elements are not taken into account. Also, the capacitors in the circuit are
large enough. The voltages across these capacitors are considered constant during each switching period [20].
An equivalent circuit of the dual flyback converter is shown in Figure 3. The S switch is controlled using the pulse width modulation
strategy. Mutual magnetic inductance of transformers T1 and T2 is Lm1p and Lm2p, and leakage inductances Lk1p and Lk2p are modeled
as ideal transformers. Since the windings of transformers T1 and T2 are equivalent, magnetization inductance equation (1) and leakage
inductances are considered equal as given in equation (2). The coupling coefficient k of transformers T l and T2 is given in equation
(3).
𝐿𝑚 = 𝐿𝑚1𝑝 = 𝐿𝑚2𝑝

(1)

𝐿𝑘 = 𝐿𝑘1𝑝 = 𝐿𝑘2𝑝

(2)

𝑘=

𝐿𝑚1𝑝
𝐿𝑚 +𝐿𝑘

(3)
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Fig. 3.

Charge Matlab/Simulink Circuit of the proposed dual flyback converter

Current-voltage expressions of some circuit elements in the proposed dual flyback converter circuit during a switching period in
continuous operation mode (CCM) are given in equations (4) - (8), current-voltage (i-v) waveforms are shown in Figure 4.

𝑣𝐿𝑚 = 𝑣𝐿𝑚1𝑝 = 𝑣𝐿𝑚2𝑝

(4)

𝑣𝐿𝑘 = 𝑣𝐿𝑘1𝑝 = 𝑣𝐿𝑘2𝑝

(5)

𝑖𝐿𝑚 = 𝑖𝐿𝑚1𝑝 = 𝑖𝐿𝑚2𝑝

(6)

𝑖𝐿𝑘 = 𝑖𝐿𝑘1𝑝 = 𝑖𝐿𝑘2𝑝

(7)

𝑉𝑐 = 𝑉𝑐1 = 𝑉𝑐2

(8)

In order to explain the continuous current operating mode of the proposed dual flyback converter, detailed circuit analyzes at certain
time intervals of the operating period of the switch in the circuit have been examined in some studies [21].
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2.2 Fractional PID Controller Design (PID)
Fractional type PID controllers can be defined as the generalized form of PIDs. In other words, the system output data can be
summarized as a linear combination of the input, a fractional derivative of the input, and a fractional integral of the input [22-24].
Fractional PIDs are also known as PIλDμ controllers; where λ and μ are the order of integration and differentiation; if both values are
1, the result is a regular PID (hereinafter called an "integer" PID as opposed to a fractional PID). PIλDμ controllers are advanced
controllers that can give better results than conventional PI controllers. They are widely used because they can adjust more precisely
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than PID controllers. The best known are the descriptions of M. Caputo, Grunwald-Letkinov and Reimann-Liouville [25-26]. The
PIλDμ controller general block diagram is shown in Figure 5 [27-30].
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Basic configuration of the PIλDμ PID Controller.

In this study, λ and μ ≥0, λ is the integration order and μ is the differentiation order. K P, KI and KD are PID controller gains. U(s)
and E(s) are control and error signals, respectively. In this study, PIλDμ controller software was made by FOMCON Toolbox [31]. The
system output is as seen in C(k) equation 9.
𝐶(𝑘) = K 𝑃 +

𝐾𝐼
𝑘𝜆

+ 𝐾𝐷 𝑘𝜇

(9)

2.3 Simulation Model of the System
The simulink model of the system, which includes the modeling of the proposed electric vehicle (EV) battery pack and the designed
charger in the MATLAB/Simulink environment and simulation studies, is given in Figure 6. The controller charges the battery by
controlling the charger according to the measured current and voltage values of the battery pack, and when the battery is full, it finishes
the charging process.
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Fig. 6.
Battery Charging System Model
Battery charging system works with constant current-constant voltage method and current and voltage control is done by 2.2 Fractional
PID controller. The battery pack is charged with a constant current of 29 A until the battery pack reaches the maximum charge voltage
value of 268,8 V. After the output voltage reaches the maximum charging voltage level, the battery pack continues to be charged with
constant voltage. When the current drawn value drops to 3% of the maximum current value, the charging process is interrupted.

Fig.7.

Battery Pack Model

Table 1: Battery Pack Parameters
Parameter

Value

Battery Capacity

3400 mAh

Battery Rated Voltage

3.6V
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3. CONCLUSIONS
In this study, a dual flyback type DC-DC converter based charging system is designed with a battery pack consisting of lithiumion batteries of an electric vehicle. The system model was created in the MATLAB/Simulink environment. Constant current-constant
voltage technique was used as the charging method. In the study, the battery pack was successfully charged. The battery pack switched
from constant current mode to constant voltage mode with approximately 92% charge in 1.7 hours. In about 2 hours, it reached a full
state. In the charging process with a reference value of 29 A in constant current mode, a current fluctuation of around 7% occurred. It
is envisaged that the current ripple can be further reduced by using fuzzy-based controllers instead of PID type classical controllers in
the system.
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