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Abstract— Given the vast number of human needs that
require electricity, solar energy is considered very suitable to
help meet the energy needs consumed by humans. All the energy
generated by solar panels can be stored using batteries, which
can then be converted into electricity. The battery will work
when the energy stored in it is full, but if it is used on a
sustainable basis, it will cause the energy to run out, so the
energy must be recharged immediately so that it can still be used
again. Unfortunately, the charging power used to charge the
current battery still takes quite a while to recharge. Through the
description of the problem, this study is about a fast charging
device using a buck converter using the Constant Current-
Constant Voltage (CC-CV) method on a lithium-ion battery.
Buck conversion is necessary because the source used in this
research is a solar panel that produces a very high voltage, so
the voltage has to be lowered using buck converters. Using
11.1V/2.2Ah lithium-ion batteries. To keep the current and
voltage constant, the charging process is carried out by filling
this current, and the output voltage will be stable by the fuzzy
logic controller (FLC). From the results of the simulations that
have been done, it seems that FLC has been able to stabilize the
2.2Ah and 11,1V charging currents.

Keywords— CC-CV, fast charging, fuzzy logic controller (flc)

I. INTRODUCTION

Indonesia is a country with a tropical climate, solar
energy is an unlimited source of energy. However, in its use,
there are many things to consider, including: weather,
temperature, humidity, and the position of the solar cell
relative to the sun. So far, most of the energy needs for human
consumption use fossil fuels which are non-renewable
energy. In the next few years, this fossil-derived fuel may still
be used because the supply of alternative energy sources
cannot be used to meet human needs [1]. Therefore, utilizing
solar energy is considered very appropriate to help meet the
energy needs for human consumption. All energy produced
by solar panels can be stored using batteries which can then
be converted into electrical energy by connecting the two
poles to electrical equipment.

For now, an example of one of the things that shows that
humans consume energy is in the use of batteries. The battery
will work when the energy stored in the battery is fulfilled,
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but if the battery is used continuously, the energy in the
battery will run out and cannot be operated [2]. Continuous
use

causes the energy in the battery to run out, so it must be
recharged immediately so that it can still be used again. The
current charging process unfortunately still takes a long time.
Therefore, for now, fast charging technologies for lithium
batteries have presented novel and stringent requirements for
the electrodes, electrolytes, and external equipment [3].

Through the elaboration of these problems, a study was
made entitled design battery charger with CC-CV method for
series connected lithium-ion batteries using fuzzy logic
controller. The purpose of this research is to design a system
battery charger by fast charging method sourced from solar
panels. Solar panels produce a very high voltage, so if used
in the battery charging process, the voltage needs to be
lowered using a buck converter. Using a 11.1V / 2.2 Ah
lithium-ion battery. For designing the battery charging fast
charging method rated lithium-ion battery is used charging of
2.2A.

One of the most widely used battery charging methods
is CC-CV [4]. The most commonly used charging protocol is
a constant-current (CC) process, often combined with a
constant voltage (CV) trickle charge, to recharge a battery
[5]. Due to its simplicity and ease of implementation, this
approach is often used to charge li-ion batteries [6]. CC and
CV are the two operating modes available. In CC mode, a
constant current is constantly applied to the battery until the
terminal voltage is reached voltage set maximum cut-off. The
cut-off voltage on the battery is maintained in CV mode, and
the current will continue to decrease [7].

Another disadvantage of this method is that it causes the
battery temperature to rise high. In addition, this method is
not suitable for fast charging as it takes longer to fully charge
the battery and reduces battery life [8]. To keep the current
and voltage constant, the charging process is carried out
charging this current and output voltage will be stabilized by
the FLC [9]. FLC is a method used to regulate and stabilize
output from a buck converter in order to match the set point
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of voltage and current CC-CV. This paper proposes a fast
charging method charging system with constant current
charging controlled using FLC [10][11]. Likewise the
constant current method will also be controlled using FLC.
Charging using the constant current method causes a faster
charging time and keeps the charging temperature below the
limit.
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Fig. 1. System overview

Il. METHODS

The aim of this research project is to develop a device
to charge a lithium-ion battery with a capacity of 11.1V or 2.2
Ah. The battery will then use a 100 WP solar panel as a source
of charge. This time, the research was done through
simulation using MATLAB software and experimental setup.

Then for the converter used this time, which uses the
buck converter, the output voltage value of buck's converter
this time is obtained from the battery's charging voltage, so
the buck converter's output this time was 12.6 V witha 2.2 A
charging current. The charging current value is quite high
because the charging process this time uses a fast charging
system using the CC-CV method, where the current value is
derived from 100% battery capacity [12].

The CC-CV method works during the fast charging
process, which at the start of the charging uses the maximum
charging current constantly (as required) in the initial
charging phase when the voltage tries to reach its maximum
point. After reaching SOC 85%, the charging method will
change to the CV method, and the current will slowly
decrease.

And the research programming this time will use the
FLC method. FLC is the method used to adjust and stabilize
the buck converter output to match the specified voltage point
and the CC-CV time [13]. The FLC will work by observing
the data generated by the bucks converter, which will then
match the task cycle. And if there are differences, the system
will automatically change the job cycle values to suit the set
point.

A. Fuzzy Logic Controller (FLC)

Fuzzy logic control is a control method which follow
linguistic approach, if-then rules. This control system has its
own set, namely a fuzzy set that has a certain degree of

membership [14]. In FLC there are three main processes
which can be seen in the picture below:
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Fig. 5. Fuzzy logic controller block diagram

From the block diagram above, there are stages to determine

the fuzzy control output, namely:

1. Fuzzification
Fuzzification is a process carried out to convert real
variables into fuzzy variables, this is intended so that
fuzzy controller input can be mapped to the type
corresponding to the fuzzy set.

2. Rule Base
The basic rule of selection in decision making, the basic
rule of fuzzy uses an IF-THEN rule-based system,
where IF is the cause, and THEN is the effect.

3. Inference Process
Fuzzy inference is a process of formulating input to
output mapping using fuzzy logic.

4. Defuzzification
Defuzzification is a process used to convert fuzzy
variables back into real variables.

NB NM NS Zz PS PM PB
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Fig. 5. Membership function input design (error)

In Figure 6 and Figure 7, fuzzy controls use two inputs
namely error (set point-present value) and delta error (current
error — previous error).

NB NM NS Z PS PM PB
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input variable "dE"
Fig. 6. Membership function input design (delta error)

An overview of the design battery charger with CC-CV
method for series connected lithium-ion batteries using fuzzy
logic controller is shown in Figure 7 below:
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Fig. 7. Block diagram of battery charger system TABLE I RULE BASE
The if-then statement is frequently employed in fuzzy logic DE
to delineate the actions taken in response to various fuzzy NB | NM | NS z PS | PM PB
inputs. These rules are typically articulated within the
framework of a linguistic table of membership functions, NB NB | NB | NB | NB | NM | NS z
reflecting the overall behavior of the system. For instance, in
a control system with an output work cycle, there might be NM | NB | NB | NM | NM | NS | Z PS
two primary inputs: errors and delta errors, and two outputs.
The fuzzy rules governing this system can be systematically NS | NB |NM | NS | NS | Z | PS | PM
organized into a matrix format, as illustrated in Table 11. By
considering seven membership functions for each input Z NB |NM | NS | Z | PS | PM | PB
(errors and delta errors), we can construct a comprehensive
set of 49 rules. These rules effectively determine the output PS NM | NS 4 PS PS | PM PB
response values, enabling the system to respond to a single PM NS 2 ps | pm | pm | pB PB
tone value derived from the combination of error inputs. [15].
Table I is the base rule table used for FLC in this study: B 2 ps | ps s | pe | PB PB
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In this paper, FLC used as current and voltage control
output from buck converter for process charging. Flowchart
of control flow starts with reading the voltage value input,
charging voltage and charging current in the battery [16][17].
Then from the buck converter when the battery charging
voltage has not reached 12.6V, the output current buck
converter or the battery charging current will be read and
processed on FLC, on FLC has a fuzzification process,
drafting rule base, inference, and defuzzification. Then the
output current from FLC will set the value duty cycle via
PWM driver which is switched to mosfet buck converter to
issue a constant battery charging current of 2.2 A. The
process will run again by reading the battery charging voltage
value. When the voltage charging battery reaches 12.6 V,
then FLC will instruct so that the charging method changes
to state constant voltage. The battery will be charged with a
constant voltage of 12.6V until the battery is fully charged. In
Figure a above is a flowchart of flow planning FLC on the
system fast charging battery lithium-ion 2.2 mAh/11.1 V. On
table 11, here are the buck converter parameters needed:

TABLE Il DESIGN SPECIFICATION OF BUCK CONVERTER
Parameter Value Unit
Voltage Input (Vin) 35.2 \Y
Voltage Output (Vo) 12.6 \Y
Current Output (l,) 2.2 A
Capacitor Voltage Ripple (AV,) 1 %
Current Ripple (Al) 20 %
Switching Frequency (fs) 40 kHz
Inductor 486.08 uH
Capacitor 109.127 uF

I11. RESULT AND DISCUSSION

A. Buck Converter Simulation

After calculations are carried out on the buck converter
planning, then a buck converter simulation is carried out
based on the calculation of the components that have been
done. And from the simulation, a simulation data table is
obtained as follows:

TABLE III. Buck CONVERTER SIMULATION DATA
Duty Vin In Vout | lout Pin Pout | Effisiency

Cycle | (V) | (A) () A | W) | W (%)
10 | 0225 | 358 | 0.625 | 2.25 2.23 99.32

20 | 0452 | 7.15 | 1.250 | 9.04 8.94 98.87

35.70% | 30 | 0.678 | 10.73 | 1.875 | 20.34 | 20.12 98.91
35.2 | 0.792 | 12.58 | 2.200 | 27.88 | 27.68 99.27

40 | 0.898 | 14.30 | 2.500 | 35.92 | 35.75 99.53

Table Il presents the results obtained from the Buck
Converter simulation, in which the input voltage (Vin) varies.
This table provides detailed data on how different levels of
input voltages affect the performance and efficiency of the
buck converter.

TABLE IV. Buck CONVERTER SIMULATION DATA
Vin | Duty In (A) Vout lout Pin Pout | Effisiency
(V) | Cycle V) (A) W) W) (%)
10% | 0.0730 | 3.797 | 0.664 | 2,570 | 2.520 98.087
20% | 0.2654 | 7.291 | 1.275 | 9.342 | 9.296 99.507
35.2 30% 0.582 | 10.700 | 1.883 | 20.486 | 20.148 98.349
35.7% | 0.7899 | 1258 | 2.200 | 27.804 | 27.676 99.538
40% 1.013 | 14.250 | 2.492 | 35.658 | 35.511 99.589

On the other hand, Table IV contains the results of a
series of other simulations, but this time it focuses on the
variation of the duty cycle. The table describes the effect of
the change in the duty cycle and gives the result, even though
the different duty cules that are entered affect the
performances and efficiencies of Buck converters. However,
from both the above simulation results, it is apparent that
Buck conversors have fairly stable efficiency values. With
the efficiency calculation formula as follows:

Efficiency converter = \Mxmo%

in>< in

With the output wave shown in the following figure:

Fig. 9. Buck converter output current

The wave image above is the output voltage waveform
from the buck converter simulation circuit. From the resulting
wave it can be seen that it has shown good results, with there
being an initial overshoot caused by the switching effect used
on the converter.

Fig. 10. Buck converter output voltage

The wave image above is the output current waveform
from the buck converter simulation circuit. Just like the
voltage waveform, the current waveform also shows good
results, with an initial overshoot caused by the switching
effect used in the converter.

B. Close Loop Simulation

In the research planning this time, a close loop
simulation was also carried out. This simulation includes a
circuit using a 100 WP PV source as the primary power
source and a 2.2 mAh / 11.1 V battery that will perform to
fast charging.
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Fig. 11. Close loop simulation circuit

The picture above is a series of close loops of the
system, using a solar panel source that has been set according
to the calculation, which is equal to 100WP. From this
100WP solar panel it will produce a voltage of 35.2 V and
this value will be lowered using a buck converter. Then for
the load on this circuit directly use a battery that has been
adjusted to the specifications of the battery used, namely
lithium-ion 2.2 Ah / 11.1 V. This time the fast charging
method is used, so for the first process, which uses a stable
current value of 2.2 A with a voltage value that continues to
rise until it reaches a charging voltage value of 12.6V,
charging method move to the CV mode. To stabilize the value

a) Constant Current Graph (CC)
[

[
20—

of the voltage and charging current this time FLC is used [13].
.LC is a method used to regulate and stabilize output from
buck converter in order to match set point of voltage and
current CC-CV, and it can be seen in the circuit that 2 FLC
circuits are used for the control of the constant current method
and for the control of the constant voltage method. The
working principle is on the process fast charging battery
using constant maximum charging current (constant current)
in the initial phase of charging and the charging method will
switch to CV mode (constant voltage) when the battery SOC
reaches 85% value. And when the charging method switches
to CV mode (constant voltage) the current will slowly
decrease.
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Fig. 12. Constant current mode

The picture above is an image of the current and voltage
waves from the closed loop simulation of the system in this
study. It can be seen from the wave above that shows the
process of the first battery charging method, namely constant
current. From the resulting wave it can be seen that it has

shown results that are in accordance with the theory, namely
when the value of the charging current is constant, the value
of the charging voltage will continue to show an increasing
value.
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Same as in the previous picture, on the picture above is
also an image of the current and voltage waves from the
closed loop simulation of the system in this study. And the
wave above shows the process of the second battery charging
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method, namely constant voltage. And from the resulting
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wave it can be seen that it has shown results that are in
accordance with the theory, namely when the charging
voltage value is constant, the charging current value will
continue to show a decreasing value.
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Fig. 14.

The above image shows the output wave shape of the
system used in this study using the CC-CV charging method.
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method.

The CC-CV charging method is used to maximize charging

power in a short time and prevent overload of the battery. The
working principle is that in the process of fast charging, the
batteries use a constant maximum charging current at the
initial stage of charging with continuously increasing voltage
values, as shown in the picture. The voltage value continues
to increase until it reaches the charging voltage value, and the

06

07

0.8

09

charge method will switch to the CV (constant voltage)

Then you can see in the chart above that it takes less
than 0.1 seconds in a simulation to reach the set point
position. If compared with other studies using ANFIS
control, it was found that ANFIS controls observed faster
responses for 3 milliseconds. However, when compared to
the output, FLC controls produced more stable outputs

compared to the ANFIS control [9]. This was influenced by
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the FLC controllers that were designed for FLC rule bases. In
addition to simulating using MATLAB software, this study
also carried out hardware data capture. Using a 100 WP solar
panel source, where 100WP solar panels will generate 35.2 V
voltage and this value will be lowered using buck converters.
And table V is the data obtained during hardware charging.

TABLE V. HARDWARE DATA
Time lin Vin lout Vout Efficiency
(Minute) | (A) () (A) V) (%)
11.10 0.45 36.4 111 11.89 80.57
11.20 0.45 36.4 111 12.13 82.20
11.30 0.44 36.3 111 12.34 85.76
11.40 0.44 36.3 1.12 12.46 87.37
11.50 0.39 36.3 0.96 12.59 85.37
12.00 0.34 36.2 0.81 12.59 82.86
12.10 0.29 36.2 0.73 12.61 87.69
12.20 0.28 36.6 0.68 12.62 83.74
12.30 0.26 36.4 0.63 12.6 83.88
12.40 0.24 36.8 0.6 12.6 85.60
12.50 0.17 37.1 0.43 12.62 86.04
13.00 0.13 37.2 0.33 12.62 86.12
13.10 0.1 37.2 0.25 12.61 84.74

From the data table V, it can be seen the result of battery
charging from the hardware test. The CC method process
lasted 40 minutes, with the CC method set point of 1.1 A. In
this condition the charge voltage continued to rise until it
reached the setpoint of 12.6 V, then the charging mode
changed into the CV method. In this experiment, the average
efficiency reached of 84,07%. Figure 15 shows the shifting
mode from CC to CV mode.

Constant Current (CC) Constant Voltage (CV)
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5 123
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Minute

Fig. 15. Hardware data test for CC-CV method

IV. CONCLUSIONS

The conclusion that can be drawn in the design of this
simulation is that at the beginning of the charge using the
constant current (CC) method with a set point value of 2.2 A
and under these conditions the voltage value will continue to
increase until the charging voltage level reaches 12.6 V in
accordance with the given set point. After reaching the set
point voltage of 12,6 V, the charge method will switch from
constant current (CC) to constant voltage (CV). And under
the condition of constant voltage charging (CV), the current
value continues to decrease until the battery is fully charged.

Using FLC produces a fairly stable output when
compared to ANFIS controls. And using FLC results in a

response that can be said to be fairly fast for 0.1 seconds, but
if this response is compared with ANFIS controls then it can
be called FLC response is slower, because using ANFIS
controls produces response for 3 milliseconds.
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