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Abstract: The paper presents a design of solar charge controller for PV energy system. A
voltage regulator circuit, an Over-charging Protection circuit and an Over-discharging
Protection circuit design are proposed in this paper. The voltage regulator circuit
modulates the voltage variation at the output of solar panel and fed it to the Charging
Controller circuit. The Over-charging controller circuit prevents overcharging of battery
and helps to increase lifespan of battery. The Over-discharging circuit protects the battery
by restricting flow of current from battery to PV panel. The entire model is implemented in
hardware and results are observed and analyzed to examine the capability of the Solar

Charge Controller
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1. Introduction

Now a days it is very difficult to fulfil energy
demand of world with the help of conventional
energy sources due to various environmental
problem. In order to reduce dependence on
conventional sources of energy and to overcome
energy crisis in the world focus has been made on the
fields of renewable energy. Solar energy is a very
popular source of renewable energy[1].

A Photovoltaic (PV) system consist of a PV array
which absorbs sun light and convert it to electricity.
Throughout the day depending on temperature and
solar irradiance level the voltage generated from the
output of PV panel various drastically[2]-[3]. In PV
module voltage can be generated only in day time.
Therefore, PV module based standalone system needs
energy storage device to store energy during day time
so it can be used at night[4].

A charge controller controls the rate of flow of
current to or from a battery. It prevents overcharging
to limit the energy supplied to the battery by the PV
array when the battery is fully charged and may
prevent against overvoltage, which reduces battery
performance. It over-discharging to disconnect the
battery from electrical loads when the battery
contains very less charge [5].

In this paper a design of solar charge controller
model is proposed. Section Il, describes detailed

modeling of different parts of solar charge controller
model. Section Ill, shows hardware implementation
of the proposed model and observation of results.

2. Design of solar charge controller

Set The solar charge controller is consists of the
following blocks.

2.1 Voltage Regulator Circuit
2.2, Over-charging Protection Circuit,

2.3. Over-discharging Protection

Circuit.

Figurel shows the block diagram of the proposed
solar controller circuit.
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Figure:1. Block Diagram of Solar Charge Controller
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2.1 Voltage Regulator circuit

It is required to supply a constant voltage to the
charging circuit but due to the variable voltage
supplied from the solar panel, a voltage regulator
circuit is used in the current model to modulate the
variable voltage supply to an almost constant voltage.
Irrespective of any output voltage of the solar PV
system, this voltage regulator circuit is capable to
modulate the output voltage to 13.24 Volt by
adjusting the potentiometer arm resistance Rx as
shown in figure: 2.The output of which is further fed
to the next level of protection circuit.
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Figure: 2. Voltage Regulator circuit

2.2 Over-charging Protection Circuit:

hen a battery gets full charged, further it cannot store
any energy.If charge flow to the battery continues, as
a result of overcharging the battery overheats and
deteriorates fast.
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Figure:3. Over-charging Protection Circuit

An overcharging protection circuit is designed to
limit excessive charging of battery as shown in fig:
03.The reference voltage is set at 6 V. Here, The
LED1 indicates that the solar panel is active. The
transistor Q2 and Q3 work as a differential amplifier
that amplifies the difference between the reference
voltage and the feedback voltage from the arm of
potentiometer.The output of the collector Q1 drives

the gate of the MOSFET Q3 which operates as a
switch in this circuit.As the battery gets charged the
feedback voltage increases. Transistor Q3 senses the
signal and accordingly sends gate pulse to MOSET
Q3 through collector of transistor Q2. As result Q3
turns off.The glowing LED2 is an indicator of
charging of battery, once the battery is fully charged
it stops glowing.Transistor Q4 is used to protect PV
panel by blocking reverse flow of charge from the
battery.

2.3 Over-discharging Protection circuit:

This circuit protects the battery against deep
discharge (discharge below the minimum voltage) and
load against under voltage as shown in figure:4. After
discharging battery to the minimum supply voltage
circuit disconnects the load from the battery and does
not draw any current.
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Figure: 4. Circuit Diagram of Over Discharging
Protection

3. Hardware implementation and
observation of result

The below figure: 5 and figure:6 show, in hardware
model at the time of charging Vgs (gate source
voltage) is approximately -8.77V and at fully charged
time Vgs is approximately -4.84mV. As a result
MOSFET QL1 (as shown in figure 3) is switched off
and thus it prevents the battery from over charging.

Kumar, AJET, ISSN:2348-7305, Volume 7, Issue 1, June, 2018,007010601 (4PP) 2



ADBU-Journal of Engineering Technology

Figure: 5. Gate signal at MOSFET Q1 at the of Time
Charging

Figure: 7. Observation after Over-charging protection
circuit

Figure: 6. Gate signal at MOSFET Q1 when battery
is fully charged

The below figure:7 shows hardware model of the
Voltage regulator circuit connected to Overcharging
protection circuit. It can be observed that with the
help of voltage regulator circuit, the variable voltage

Figure: 8. Hardware Model shows Battery is charging

output of PV panel is modulated to around 12.66 Volt In above figure: 8 demonstrates the schematic of
voltages and it is supplied to the battery through the protection that disconnects the battery when the
overcharging protection circuit. The battery will voltage reaches the minimum value. To connect the
gradually charge to the full capacity. Once the battery load one must press S1 (as shown in figure:4). As
will be fully charged the MOSFET will turn off and long as the voltage is sufficiently large, the Q1 and
further charging will be blocked which can be Q2 maintain each other in ON state. When the
observed by the glow of green LED in the hardware voltage decreases, the current stops flowing through
circuit. the Zener diode, which closes Q1 and as well as Q2.

Figure:9 and figure:10 show hardware model of over
discharging protection circuit.
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Figure: 9 Hardware model of over-discharging
Protection Circuit

Figure: 10 Hardware model of Over-discharging
Protection Circuit at the Time of Discharging
Protection

4. Conclusion

A Solar charge controller is an essential part of nearly
all power systems that charge batteries. In this paper,
hardware model of various parts of solar charge
controller circuit is developed. The voltage regulator
circuit controls the variable voltage of the solar panel
and thus gives a constant output voltage. The
overcharging protection circuit is also efficiently
works to protect the battery from over charging
damage and the over discharging protection circuit
prevents the battery from over discharging.
Therefore, the hardware circuit of the solar charge
controller circuit successfully protects battery from
damage and helps to extend the life of battery.
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