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ABSTRACT
Keywords Parallel series is very suitable to be used to overcome the ups and down of voltage caused
Solar Cell by the supply of sunlight to the solar cell. The series circuit can be used to overcome the
Charger Controller lack of voltage on the solar cell, while the parallel circuit is used to flow larger currents
Battery with a constant voltage when the supply of sunlight on the solar cell is at its maximum.

Solar cell as converters of sunlight into electrical energy in the form of DC voltages, which
are connected in parallel series by utilizing relay contacts that are controlled using atmega
16 microcontroller, where the voltage generated by the solar cell in the sensor uses a
voltage sensor. Switching regulator as lowering the voltage over solar cell for battery
charging. The test results using a series of series and minimum lighting produces a voltage
14,8 Volt, parallel circuits and maximum lighting produces a voltage of 20 volts, and a
combination of parallel-series under moderate lighting conditions produces a voltage of
23.3 Volt.

1.Introduction

Electrical energy is a very important requirement in the life of humanity. Solar energy is one
alternative that is widely used because it is very promising, among others in terms of abundance in
nature, clean, safe and possible as an energy generator in remote areas. Solar cell are now widely used
in the environment, because in addition to being environmentally and cannot be used up.

Currently the researchers are looking for solutions on how to optimize the voltage for charging the
battery, so that in the morning at precisely 6:00 the battery is working. But in fact the battery cannot
work at that hour, because the sunlight conditions are still not bright and the voltage generated by the
solar cell is very minimal to meet battery charging. The researcher used “automatic reconfiguration
of series and parallel circuits to connect 1 solar cell modules so as to produce the optimal voltage and
current for battery charging”[1][2]. In theory, if the battery circuit is connected in series then what
happens in the voltage will be large and the current remains the same, while the battery circuit is
connected in parallel then what happens is the same voltage and large current.[3]

Parallel series is very suitable to be used to overcome the ups and downs of the voltage caused by
the supply of sunlight to solar cells.

Referring to these problems, the problem of this research can be formulated as follows:
1. How to make a series that can automatically arrange parallel series on 4 solar cells?
2. How to optimize voltage with series, parallel and series-parallel circuits?

The purpose of this research is to design and create a series to automatically regulate parallel series
on 4 solar cells and create voltage optimization system with series, parallel and series-parallel circuits.
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2.The Proposed Method/Algorithm

2.1.Solar Cell

A solar cell is a device that converts sunlight energy into electrical energy by the process of the
photovoltaic effect, hence it is also called a photovoltaic cell (abbreviated as PV). The voltage
generated by a solar cell is very small, around 0.6V without load or 0.45V with load. To get a large
electric voltage as you wish, several solar cells are arranged in series. If 36 pieces of cells from PLN
such as street vendors, people who live in remote areas and areas that have not been electrified from
PLN. Another source of electrical energy that can be utilized by the public electric energy sources
other than from PLN is a generator or more commonly called a generator set.[4]

Efficient use of each alternative electrical energy source needs to be known so that in its use we
get maximum results.

Solar cells arranged in series, will produce a voltage of around 16V. This voltage is enough to be
used to supply 12V batteries. To get a bigger output voltage, more solar cells are needed. This
combination of colar cells is caled a Solar Panel or solar module. Arrangements of about 10-20 of
more Solar Panels will be able to produce currents and high voltages sufficient for daily needs [5].

2.2.Series and Parallel

Basically, batteries can be arranged in series or parallel. But the output from the two circuits will
be different. The Battery Series circuit will increase the Battery Output Voltage while the Electric
Current will remain the same[1]. This is in contrast to the Parallel Circuit Battery which will increase
the Lectric Current but the output voltage will remain the same [6].

3.Method

3.1.Block of Entire System Diagram

Block diagram of the whole system which generally consists of inputs and outputs processed by a
microcontroller.
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Fig. 1. Block of Entire System Diagram Tools Ways to Work

From the block diagram, it can be explained how this tool works, namely there are 4 solar cells as
converting sunlight into electrical energy in the form of DC voltage and which will be controlled
using a series of parallel series in order to get more optimal voltage. The parallel series circuit control
is controlled using microcontroller and relay as a switcher. The microcontroller works based on the
output of the voltage sensor which censors the output voltage of the parallel series in circuit. The
microcontroller commands the relay by using NC and NO to change the circuit in series, parallel, and
series-parallel conditions. When the output voltage in series, parallel, and parallel series exceeds 39V
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rhe relay is active protection[7]. The result of the voltage in series, parallel, and parallel-series stored
in the battery, the battery needs a voltage of 13,8V to work. For voltages that exceed a voltage value
of 13.8V are derived using a s regulator step-down. In addition, the microcontroller also controls
battery charging and the battery charging breaker (cut off). The microcontroller also commands the
LCD to display the value of the volatge produced by the output in series, parallel and parallel-
series.the voltage from the results of battery storage (Accu) is released into the dc load equipment.

4. Results and Discussion
4.1.Series Testing
4.1.1. The Purpose

This test is carried out to find out whether the circuit runs according to the design or not and to
know whether the series is in accordance with the calculation or not. This can be done by using DPDT
relay to contact the switch in the condition of a series-parallel circuit.

4.1.2. Testing Result an Testing Analysis

From the results it is known that measurements in the series circuit get measurement data using

solar cell output voltage. Table 1 shows that the series testing conditions in accordance with the design
series.

Table 1. Series Condition Test Result

Solar Solar Solar Solar

No.  Celll Cell 2 cet3  cets M e”s(”;‘;”’ ent C“";"'f‘j””" Error%
V) (V) V) V)

I 166 174 1338 173 652 651 0.1

2. 16.4 17.3 13.7 17.1 64.6 645 0.1

3. 16.4 17.2 13.7 17.1 643 643 0

4 163 172 13.6 17.0 643 64 03

5. 16.2 172 13.6 16.9 63.7 63.7 0

The results of the solar cell output voltage can also be calculated by calculating the series battery
conditions.

Viot = Vsc1 + Vscz + Vscz + Vsca
=16,6+17,4+ 13,8+ 17,3
=651V
Calculation of the value of the series voltage conditions can be found by the equation:

Calculation—Measurement
%Error = | |

(111 L7 )

Measurement

_|651-652]| 10019¢
T 652 °

= |O’1| x 100%
T 7652 0

0,001 x 100%
=0,1%

So we get an average percent error:S

Total number % (3)
NUMber of Tests **H" T T et s s

_0,5%
5

%Error Average =
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From the results of testing the series condition relay circuit, an average error of 0.1% is obtained.
4.2. Parallel Circuit Testing

4.2.1. The Purpose

This test is done to find out whether the circuit runs according to the design or not and to find out
whether the parallel circuit is in accordance with the calculation or not. This can be done by using a
DPDT relay to contact the switch in parallel circuit conditions.

4.2.2. Testing Results and Testing Analysis

From the test result it is known that measurements n parallel circuits get measurement data using
solar cell output voltage. In table 2 it shows that the testing of parallel conditions in accordance with
the design.

Table 2. Result of Paraller Circuit Testing

Solar Solar Solar Solar Measurement Calculation
No. Cell 1 Cell 2 Cell 3 Cell 4 V) V) Eror%
(V) (v) (V) (V)
1. 16.6 17.5 17.4 17.4 17.4 17.2 0.1
2. 16.5 17.3 17.3 17.3 17.3 17.1 0.1
3. 16.3 17.2 17.2 17.2 17.2 16.9 0.1
4, 16.2 17.2 17.1 17.1 17.1 16.9 0.1
5. 16.3 17.1 17.1 17.1 17.1 16,9 0.1

The result of the solar cell output voltage can also be calculated by calculating the parallel
condition of the battery circuit.

Vsc1 + Vsca + Vsez + Vsca

Viot = 4
_ 16,6 +17,5+ 17,4+ 17,4
- 4
_ 68,9
T4
=172V

Calculation of the value of the parallel condition voltage can be searched by equation,

| Calculation — Measurement |
%Error = x 100%
Measurement

_|172-174] 100190
- 74 °

= IO’2|><1000/
17,4 0

0,001 x 100%
=0,1%

So it get an average percent error:

Total number %

%Error Average =
Measurement

_0,5%
5
=0,1%
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From the results of testing the parallel condition relay circuit above, an average error of 0.1% is
obtained.

4.3. Testing Overall Tools

4.3.1. The Purpose

The purpose of this whole system test is to determine whether parallel series settings function
according to the design results.
4.3.2. Testing Results and Testing Analysis

After testing each series block, the next is to test the whole system. This test is done by combining
all series block into one, so the system can be tested completely. This overall test uses a simulation of
solar lighting by using objects as solar cell cover to determine the voltage in series, parallel and
parallel-series conditions.

Table 3. Maximum Test Result for Maximum Lighting Condisions

Measuring voltmeter  Voltage sensor

No  Irradiance conditions Conditions ) ) Eror %
1 Maximum Parallel 20.4 20.4 0
2 Maximum Series-parallel 38.2 38.0 0.5
3 Maximum Series 74.1 74.3 0.2

Calculation of the voltage value of the series, parallel, and serial-parallel conditions can be found
by the equation,

| Voltage Sensor Measurement — Voltmeter Measurement |
%Error = x 100%
Voltage Sensor Measurement

743 -741|
B 74,1

= M X 100%
T 741 0

= 0,002 x 100%
=0,2%

So it get an average percent error:

X 1001%

Total number %

%Error Average =
Measurement

_07%
3
=0,23%

So it get an average percent error 0,23%

Table 4. Overall Testing Result With Lighting Simulation

Irradiance .. Voltage Sensor
No Conditions Conditions W)
1 Maksimum Parallel 20.0
2 Medium Series-parallel 233
3 Minimum Series 14.8

Charging the battery takes 10,5 hours in parallel conditions with a 12V 35AH capacity battery,
obtained from calculations:

Note . Battery capacity = 12 V 35 AH
Asked : Battery power =35 AH x 12 V =420 watt
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. Battery Capacity
Charging the Battery (Hours) = —————
ging Y ( 0 S) Solar Cell Capacity

420
T 4x10WP
= 10,5 hours

Fig. 2. Inside the Panel Box

Fig. 3. Overall Tool Shape

5. Conclusion

After the design and manufacturing process and the testing tolos are carried out, conclusions can

be drawn :

1.
2.
3.

4.
5.

The results of testing the series relay circuit conditions, obtained an average error of 0.1%.

The results of testing the parallel condition relay circuit, obtained an average error of 0.1%.

The series, parallel, and parallel-series condition settings can change automatically according to
the changing light intensity.

Based on solar cell testing with minimal lighting in series circuit conditios of 14.8 volts.

Based on solar cell testing by lighting in the conditions of a series-parallel circuit getting a voltage
of 23.3 volt.
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6. Based on solar cell testing with maximum illumination in parallel circuit conditions get a voltage

of 20.0 volt.
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