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Abstract

The low reliability of electric power supply in Négia and the quest for alternative
power supply have driven consumers to seek for @asi ways of generating electricity
most commonly through the use of fossil fuel gentma. This paper describes an
application of photovoltaic module in multiple conercial Global System for Mobile
communication (GSM) handset battery charging poirds a possible replacement for
the small 650VA, 230VAC petrol generator prevaléntLagos State of Nigeriawhich
has a very high Population because of the advangg® using solar energy in
comparison to fossil fuel, some of these advantagexludes absence of
Carbon(iv)Oxide emission and no fuel cost. Varioastive and passive electronic
components were locally sourced and wired on prihteircuit board to ensure that
GSM handset batteries are charged at 4.3 VDC frome solar panel. The charging
system is designed in a manner thatit can be easdyup at the inception of the day’s
business and dismantled for safe keep at the clofehe day’s business. Also, it is
equipped with charge monitoring circuit. The tesndhe constructed GSM handset
battery charger showssatisfactory performance.
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1.0 Introduction

One of the most populous countries in the contimérifrica is Nigeria with very low electricity caumption per
capital [1]. The Nigeria power supply system over years is characterised by demand that exceegdsagion resulting
in epileptic supply[2]. Thus, residential, commalcand industrial ventures in the country do ndy @n it hundred
percent in their operation. In order to ensureatlability of power, customers result to the n$alternative sources of
electric power.These sources are commonly stanfddsil fuel generators that make use of petroliesal. It is noticed
that acquiring and use of small /large generat®msommon amongst households [3] and businessesseTdources as
have been widely research are not environmentaéindly and sometimes there is acute shortage wépsupply. Thus,
a small business that requires power supply fihd#ficult to operate even with the self-generapexiver supply. Also,
there are remote rural settlements that have dBfly tonnected to the national grid and also only 40%e population
have access to power supply [4]but some have digsrhted GSM base stations installed in their canitp. The high
cost of power generation and grid extension as wasllthe isolation of the rural areas make renewabkrgy a
competitive option. This reduces their greenhouse gmissions. In addition, solar energy, insteadie$el or petrol
alternatives, is used. Solar powered solutiondeoalrdwellers is being advocated by the Federale@uwent [4]

Since the inception of the global system for mobdenmunication (GSM) in Nigeria, the cell phone basome a
household appliance. It is the bed rock of all peas and business transactions. The GSM battexyifsium-ion battery
which discharges after some hours of usage.Unfatéiynthe GSM has to be recharged, sometimes ailhalhsis for it
to be of any significance. As a result of the ggitesource of power supply in Nigeria, the Lithiiom phone’s battery
sometimes remains uncharged for a long time thenedling communication difficult.Most of the Lithiuion cells are
charged upto a voltage of 4.20 Volts+/-0.05V/célhen the batteries are only charged to 4.10V, ¢hpacity is reduced
by 10% but provides a longer service life[5]. Newells are capable of delivering a good cycle cawitit a charge of
4.20 volts per cell. The charge time of most chexgeabout 3 hours[6]. Full charge is attainedrathe voltage threshold
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has been reached and the current has dropped tif 8% rated current or has levelled off.Increadimg charge current
does not shorten the charge time by much [6]. Altfothe voltage peak is reached quicker with higirge current,
the topping charge will take longer.When chargibgwe 4.30V, the cell causes plating of metallibilin on the anode;
the cathode material becomes an oxidizing agesgsigtability and releases oxygen. Overchargingesathe cell to heat
up. If left unattended, the cell could vent witarfie. The open circuit voltage can be used to ettitha battery state-of-
charge of lithium, alkaline and lead-based batsité.

It is @ common sight in the most populous city igédia, Lagos to find a small commercial businesagfit located
at busy junctions that consist of a 650VA,230VACJZQetrol-driven generator connected to multiplekst outlet, an
umbrella, a table and chair for the purpose of gingr GSM handset batteries .A customer whose GSMdet battery is
partially or completely discharged, pays a tokenifado be re-charged.In this paper, photovoltaicduie is used to
harness solar energy from the sun and its outpuv@iadge used for charging GSM hand set batteBaxe it has near
zero operating and maintenance cost, environmgnfaéndly and readily available, this will greatiynprove the
business of GSM hand set battery charging andpisdade means of charging GSM hand set batteriesrad areas not
connected to the National grid.

2.0 Materials and Methods

The solar GSM phone battery charger is designeld bdsic electronics components such as could badfguthe
Benin electronic market. The method used is to ggae DC voltage by the use of solar panels. ©ta panel is rated
16.9 V and 65 Watts. This voltage is regulated t@Bs which is a suitable voltage to recharge G#Mnes. Then two
indicator circuits were constructed to ensure thatbatteries do not get over charged

3.0 Analysis and Results
The block diagram of the charging system is as shiovFig.1.
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Figurel The block diagram of the solar charigg system.

As seen from the diagram, the solar panel supgiesnain power to the circuit. This voltage is feged to a lower
voltage of 5V suitable to charge the GSM battete Tircuit has two major indicators designed antstocted to ensure
that the battery is not over charged. The circaiitsthe voltage controlled oscillator(VCO) and ¢bhenparator circuit that
trips off supply when the battery is charge to 48\ an indicator is triggered on. The major ciscare the solar panel,
the DC voltage regulator circuit, the voltage cold oscillator also called voltage to frequen@nwerter and the
battery charging/full indicator circuits.

3.1 The Solar Panel

The solar panel rated specification are:
Open Circuit Voltage -16.9V

Power output-65 Watts

The current is given as

| == =22 = 3846A (1)
v

It has been shown that for slow charge that witllgmng the life of batteries, batteries should bargkd at one-tenth of
their rating[7].Given a nokia, BL-5C,1020mAh, 3.78/.8Wh battery, using the three hours charge timaast chargers
[5] and End of Charge voltage of 4.3 V, the requiickarging currentglis given as
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o= 1020 _o40a
4.3x10x3

3.2 The DC Voltage regulator
The LM7805 voltage regulator is as shown Fig.2.€dapes G and G are standard values of 0.33 pF and 0.1 pF
respectively.

Input Output

LM7805

Figure 2 The DC Voltage regulator

The circuit drops the DC voltage from the solargidrom 16.9 Volts to the required 5 Volts neededthe charging
of the battery. The circuit is built around the L805 positive voltage regulator which is capabléelivering a regulated
voltage output of +5 Volts,1A. The voltage inpuhge is 7-20V,Output current is 5mA to 1 A and maximpower
output is 15 W.The input voltage for perfect regiolais given as

Vout = Vmin - Vref ........................................ (2)

Where \,;: = the required output voltage (5 Volts)
Vet = 3V as given by the manufacturers datasheet
Vmin = the minimum input voltage for perfect regulation
Therefore, equation 2 becomes
5 = Vuin — 3V
Vmin = 5 + 3= 8 volts.

The minimum input voltage for perfect regulatior8i¥olts.The datasheet stipulates that the maxirnmut voltage
is 20 Volts.Therefore, given the above paramethes| M7805 is suitable for ourapplication.

3.3The Voltage Controlled Oscillator (VCO)
The schematic for the VCO [8] is presented in Fig.3
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Figure3The Voltage Controlled Oscillator
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The natural frequency of the astable multivibragagiven as
144

Fe  —
(2R, +R))C,

®)

Choosing a period of time (T) of 0.15 seconds, the estinfedgdency is

Choosing Gand Ras 100uF and Ikrespectively in equation 3, we havg=R6QQ
The duty cycle is given as

Duty cycle = (R1 + RZJR1 + 2R2) ....cccevvniiinnnenn. (4)
Substituting the values of R1 andR2 in equation (4) tig clycle is obtained as 73.6%
As the voltage at the control terminal multivibrator picreases, the output frequency decreases. The exponential
charging and discharging of the capacitor determines the dtgguency.

In order to limit the current through the light emigtidiode (LED) , a resistor is connected whose value is diyen
equation 5.

Where :\¢ = 5V,Vp = 2V and } = 10mA,Therefore, R= 300Q2.However due to availability 33Q was used.

3.4The Design of the Comparator Circuit
The comparator [8]circuit monitor the battery charging anghut or switch on an LED when the battery is full. The
schematic is shown in Fig. 4.

R1§ Ry
< 3>4

LM324

=2 e o7,

Figure 4The Comparator Circuit
The values of these resistorsahd Robtained from the solution of the simultaneous equati@yoations (6) and (7).

(Ry /Ry +Ro)WVinax =Viet coveeereneinaeonennl (6)
Vinac /Ry +R5) =t eveeioeeeoieoeieeeeen, @

Where V¢ isthe voltage of the chosen Zener diode =3.9 V
Vmax IS the voltage at which the battery will be fully charge8V
I, is the reference current given as 1mA.
Therefore,
43R, /(R; +R,)=3.9
43/(R; +R, F1x1073
Journal of the Nigerian Association of Mathematic&hysics Volume3 (March, 2013) 417 - 422

420



Battery Charging System. Ogujor, Osarogiagbon, and Edobor J of NAMP
From which B = 3.9kK2 and R= 0.4kQ.

Ry (Ve =V, e, (8)
Where = 4.3V, \,=3.9V, | =10mA
R, =(4.3 - 39)/10°=R, =0.4/10°R, = 400Q

The current limiting resistor protecting the LER,Rs given as
Rp =(Vg =Vp) lp e 9

Where: \t = 4.3V,\, = 2V,Ip = 10mA
Therefore, B = 230Q.

3.5 The Principle of Operation

The circuit is designed to recharge a GSM battery using pafel. The solar panel used is rated 16.9 Volts. The
voltage regulator regulates the voltage output to 5 Volts. ditcuit has two battery monitoring indicator, the voltage
controlled oscillator (VCO) i.e voltage to frequency conveatst the comparator circuit. The circuit of the VCO is such
that as the voltage in the control terminal of the multatidr IC (pin 5) is approaching the supply voltage, tegudency
of the output is reduced. The power supply that chargesatteryis fed in to the control terminal of the VCO. This
ensures that the battery voltage determines the frequeriog ofitput. This is a monitoring device in the sense théieas t
battery voltage is increasing, the pulsing of the LED becatasger and as the battery is fully charged, the LED walb st
pulsating. The frequency of the 555 timer is set by thstsi (R and R) and the capacitor,,C

The comparator circuit functions as a battery monitorimgudi in the sense that if the battery voltage gets to its
maximum, the LED at the output turns on. This is addelyy the appropriate biasing of the inverting and non iimegert
terminals of the comparator. The Zener diode sets the referel@gevat the inverting terminal and holds it at 3.9 Volts.
The series resistor forms a voltage divider and sets the \axalthge at the non-inverting terminal. When the battery is
under charged, the voltage at the non inverting terminalbeillower than the voltage at the inverting terminal and the
LED will remain off. As the voltage of the battery getd,ftile voltage at the inverting terminal will be lower thihat of
the non-inverting and the LED turns on. The complete ¢idiagram is shown in Fig.5.

4.0 Results And Discussions

The results of the test carried out on the constructed sdagarhare presented in Table 1.Three batteries of 3.6V, 4.1V
and 4.2V End of Discharge (EODV) voltages were charged2® M. The difference in charging time is as a result of
difference in EODV. The lower the EODV the more time requiredharge upto the full voltage. Though the charger
was design to charge at 4.3 V but the charging voltagenglotain test is 4.28V.

5.0 Conclusion

A multiple commercial solar GSMcharger has been designed, cctestrand tested.The performance upon test shows a
charging voltage of 4.28V against a design voltage of 413Ns paper has shown the possibility of replacing the fise o
petrol generator for commercial Global System for Mobile campation (GSM) handset battery charging with a
Photovoltaic Module
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Figure 5The complete circuit Diagram of the photovttaic solar charger
The circuit shown in Fig.5 is duplicated for eight chargiogts.

Table 1 Test Results

End ofDischarge End of Charge Beginningof Charge | End of Charge Duration of

Voltage(V) time(hrs) Charge(minutes)
Voltage(V) time(hrs)

3.6 4.28 12.15 15.16 181

4.1 4.28 12.15 13.17 62

4.2 4.28 12.15 13.01 31
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