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Abstract  

Most domestic, industrial and commercial process and activities depend on quality and quantity of electrical 

power available. Electrical power interruptions and instability is a major problem challenging socio-economic 

life in Nigeria. There is therefore a need for an alternative source of power to counter these power outages. This 

brings about the design and construction of an Inverter-Charger with Auxiliary Solar Power that can provide 

power backup in the event of power failure. The system uses an electronic circuit involving Digital Logic 

Circuit, Op-Amps, Transistors, MOSFETs, Power transformers and Electro-mechanical devices. This work 

outlines the Design and Construction of Inverter-Charger with Auxiliary Solar Power. The System features 

automatic transfer on Mains off, Low battery Detection, Overload Protection and Main-Voltage Protection. 

__________________________________________________________________________________________ 
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INTRODUCTION 

Currently wherever you work in each and every field 

you will find some electrical or electronic devices, be 

it in industries, commercial sector and general house 

hold use. These electrical or electronic devices 

require electrical power for their operation and most 

of them are very particular about the quality of power 

given to them. If the power given to these devices are 

not according to their specified quality they can get 

damaged. In developing countries like Nigeria, the 

power provided by the electricity supply department 

(national grid) contains a lot of challenges such as 

power cuts and line problems which are very frequent 

in this country. Power failure or outage in general 

does not promote development in public and private 

sectors; investor does not feel secured to come into a 

country with constant or frequent power failure. This 

situation gets worsen for some specific seasons such 

as in summer, when the electricity generated by the 

hydro-electric power plant goes down and the power 

requirement increases because of increased use of air 

conditioners, coolers, fans etc. so, increase in 

frequent power cuts becomes very common. In rainy 

seasons, due to thunder storms, electrical lines / poles 

get damaged, thereby increasing the power problems.  

 

The result of this quest led to the discovery of 

alternative source of power supply called solar 

energy which could be easily harnessed by making 

use of solar cells. The advent of solar cells has made 

it possible for an average Nigerian to tap the energy 

from the sun to generate electrical power. The 

electronic power generator being an alternative 

source of power generation that is readily available 

has some major limitation which includes: 

i. During their operations, Most of the power 

generators are noisy which causes disturbance 

to the neighborhood in form of noise pollution. 

ii. The waste produced out of the power generator 

in form of smoke and black oil pose a major 

threats to the environment contributing to the 

global warming and soil/water pollution. 

iii. Cost of maintenance of electronic power 

generator is high compared to its alternative, 

inverter (Ganiyu, 2004). All these limitation 

(gaps) are bridge with the aid of introduction of 

solar energy. 

 

According to Power electronics, 2019, it started with 

the development of the mercury arc rectifier, which 

was used to convert alternating current into direct 

current. Continuous Application ofthyratrons and 

grid-controlled mercuryover the years,leads to the 

development of mercury valve with grading 

electrodes making them suitable for high voltage 

direct current power transmission. 

 

Ehikhamenle and Okeke 2017 reported that in the 

quest of conversion of direct current to alternating 

current power, limitations such as Very low load 

current (in the order of milliamps) and Poor power 

efficiency were identified with regards to the circuit 

design by lane-fox in 1970. These gaps was bridged 

by Jacob design and construction of direct current to 

alternating current converter that yielded an output 

power of 6KVA, 220V ac and 50Hz with an 

efficiency of 93.5% in 1986 to have a noiseless, 

cheap, pollution-free and portable mechanism of 

converting direct current to alternating current power. 

Uninterrupted Power Supplies (UPS) designed an 

inverter circuit that produces 4KVA output, 270v ac 
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50Hz and an efficiency of 95%,a huge achievement 

in the design of inverters and uninterrupted power 

supplies byEveron manufacturing company [4]. 

 

There are two types of electrical currents; AC and 

DC. AC is the standard electrical current in which 

flow of electrons is reversed 120 times/second (i.e. 60 

cycles per second.) while DC is direct current, which 

is the type supplied by batteries (Scientific 

Communitees, 2019).  

 

This design helps to reduce the challenges of power 

supply at all time, as energy is stored up during the 

day via charging of the battery and the stored up 

energy is used up when needed as an alternative 

source of energy supply when supply from national 

grid fails without affecting the integrity of the battery 

(Ekwuribe and Uchegbu, 2016).  

 

This is made possible via the solar panels that 

generates solar energy from the sun and convert it to 

electricity with the aid of collection of individual 

silicon cells that the solar panel is made up of. 

According to Olajuyin and Olubakinde (2017), 

multiple solar panels can be wired both in parallel 

and series to increase current capacity and to increase 

voltage respectively; In which Smaller wire sizes are 

used to transfer electric power from solar panels array 

to the charge controller and the attached batteries to 

favor the use of higher voltage output. 

 

In their discussion, Olajuyin and Olubakinde (2017), 

report that there are three basic types of solar panels 

which includes: Monocrystalline solar panels, 

Polycrystalline solar panels and Amorphous solar 

panels; stated in their order of effectiveness with the 

most effective being the most costly while the lest 

effective type is the cheapest. In using Amorphous 

solar panel, more square footage is required to 

produce the same amount of power as 

Monocrystalline and Polycrystalline type of solar 

panel will produced.  

 

According to Solar Alawys (2018), there are three 

types of solar panel array mounts which includes: 

i. Fixed solar panel mounts: Fixed panel are 

stationary and are mounted correctly to absorb as 

much light from the sun as possible. Is the 

simplest and cheapest system available but offers 

the least flexibility hence, the amount of sunlight 

that it can absorb is limited. Plus, as the earth's 

orbit changes throughout the year, the inability to 

modify the position of the mount (and thus, the 

panels) to the varying angle of the sun limits the 

amount of energy absorption. 

ii. Adjustable solar panel mounts: Adjustable panel 

and array mountings provide more flexibility, As 

the seasons change, their position can be altered 

to compensate for the sun's angle in order to 

maximize the panels' exposure and the level of 

energy absorbed. By modifying the inclination of 

the panel mounts, the solar output of the panels 

can be increased by over 25%. 

iii. Tracking solar panel mounts: is the most 

efficient mountings, They follow the sun 

throughout the day to absorb the most energy 

possible. They're available as a single-axis or 

double-axis system. While The former track the 

trajectory of the sun as it rises and sets during the 

day. The latter will do the same but also 

automatically compensate for the sun's changing 

angle throughout the year. Though, They're 

expensive, they provide up to 30% more solar 

output than adjustable and fixed mountings. 

Some people prefer to simply buy additional 

solar panels and place them on adjustable mounts 

rather than invest in trackers. 

 

MATERIALS AND METHODS 

Principle of Operation of Inverter  

In figure 1, we have a battery source, a switch and a 

transformer 

 

Switch

Battery 

12V

Primary Secondary

Transformer

 Fig 1: Basic Inverter Diagram 

 

When the switch is closed, current starts to flow in 

the circuit. This will make the transformer to generate 

an emf, opposing the emf of the battery. This rise will 

depend on the inductance of the transformer, the 

greater the inductance, the more time will be required 

to produce the current required to balance the emf of 

the battery.Now, if the switch is opened before the 

current in the transformer grows fully, the current in 

the circuit will start to fall. This will make the 

transformer to generate reverse emf. Once the circuit 

current reaches zero, the switch is once again closed 

and this whole process will start to repeat itself. So, 

by producing open, close cycle of switch in this 

circuit, we can produce an alternating current (AC) 

output from a DC current source, i.e. the battery. If 

the switch is kept in close or open state for a long 

duration then there will not be any current in the 

secondary but, if the switch S1 is opened and closed 

at a constant rate then the changes at the primary of 
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the transformer will induce output at the secondary of 

the transformer.The output from the secondary 

winding of transformer is a square wave of frequency 

at which the switch S1 is opened and closed. A 

transistor was used as a switch, in place of manual 

switch; transistor is used for switching the primary 

circuit on / off. This generates automatic AC current 

output without need of someone opening and closing 

a switch. 

 

CONSTRUCTION 

 Construction is of paramount importance because 

after designing the whole circuit, it ensured that the 

circuit works to what it is specially designed for. All 

material components used in the construction of this 

project were mostly locally sourced. In selecting most 

of these materials, adequate considerations and 

allocation were made to cater for problems such as 

corrosive action, lack of rigidity, heat transfer and 

cost of production in order to achieve the best result.  

 

MODULE DESCRIPTION  

External Structure: - The body (or casing) is made 

of galvanized steel. Measuring 15.0cm x 15.0cm x 

27cm. The compact size was chosen for easy carriage 

whenever it is needed.  

Internal Structure: - The components including 

Integrated Circuit (SG3524 IC), Capacitors, 

Resistors, Variable Resistors, Diodes, Bipolar 

Junction Transistors, Comparator and so on are 

soldered to the Vero board. These components made 

up the Control Board (i.e. Oscillator and Buffer 

stages). The power MOSFETs are mounted on a heat 

sink (aluminum material), which is big enough to 

absorb heat generated in these MOSFETs.  

 

The transformer is mounted on the inner part of the 

module, which is provided with cooling fans to allow 

ventilation. The transformer core is built with 76 

lamination sheets. The thicker wire is used for 

primary winding because it carries much current 

(42A) and lower voltage (12V) while the thinner wire 

is used for secondary winding because it carried less 

current (4.35A) and higher voltage (230V).  

 

DESIGN ANALYSIS 

 

Design Calculation of the Oscillator Section 

The Oscillator uses an external resistor RT to 

establish a constant changing current into an external 

capacitor CT. This uses more current than a series 

connected RC. 

C1  

R4 

VR2

Pin6 

Pin7 

FREQ ADJUSTMENT 

 
Fig 2 Schematic Diagram of the Frequency Unit 

 

It provides a linear dependent reference for the PWM 

comparator. The oscillator IC SG3524 has the 

following specifications. 

i. Supply current less than 10mA 

ii. Supply voltage up to 40v max. 

iii. Current at pm 16 Vcc = 50mA 

iv. Current at oscillator output transistor (Dual) 

50mA 

v. Regulated output (linear) 5v at pin 16 

vi. Voltage at inverting input at pin 2 = 2.4V  

vii. Voltage at pin 1 = 2V 

viii. Voltage at pin 3 = 47mV 

 

Calculation of Resistor at the Input of the Error 

Amplifier  

VR1 R3

R2

2

1

ERROR 

AMP

V+

R1

V-

Fig 3: Circuit Diagram of an Error Amplifier  

 

Making use of voltage divider Rule. 

VPinatV
in

4.22 
 

VPinatV
cc

93.416 
 

 

 kRLet 10
2  

Frequency 

adjustment 

V- 

V+ 
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






R

R

R

VX
R

 





541.10

4.2

25300

1

1

R

R

 
Preferred value of R1=10KV 

 

At pin 1 of SG3524 the voltage can be varied from 0v 

to 2.8V. Initially the voltage at Pin 1 must be greater 

than that of pin 2 in order to have 0v at pin 10 

(shutdown). When V+> V– the output is 

approximately equal to Vcc but when V+< V– the 

output voltage is equal to zero. 

 

Therefore when V+ = V- the output voltage shutdown 

the whole system through pin 10 because pin 10 

needs more than 0.6v to shut down the oscillator 

section. 

 

To calculate VR1 let R3 = 10kΩ; V-at pin 1 = 2.1V 

 

 =  

 
  

VR1 = 333.3K 

 

The frequency used for lighting and Electronic 

devices in Nigeria and some other countries is 50Hz. 

In order to produce 220VAC secondary voltage 

output in the inverter design, therefore the frequency 

must be well designed by using RC Network 

(Resistor and capacitor network to determine the 

frequency of operation.) If one does not get 50Hz 

frequency from the inverter then one may get 

flickering in tube light run on inverter, also fan 

running on such inverter show irregular variations in 

speed.    

 

Calculation of Frequency Adjustment Circuit          





















818,181

10
5.55

1

101.01.1501

101.01.150

1.11.11

50

101.0

4

6

4

6

4

6

4

4

1

R

xR

xxRx

xxRx

consantiswhereCIR
T

F

HzF

picofaradufCLet

 

 

Since, 181, 818 Ω Resistor is not available in the 

market, 300kΩ variable resistor was used to adjust to 

frequency of 50Hz within the resistance value. To 

obtain 50Hz output frequency from the inverter the 

VR1 (variable resistor) 300k Ω was adjusted with the 

aid of an oscilloscope.  

 

To Calculate Current Limiting Resistor for the 

Voltage Regulator  

7812
V+Vin 

R8 

Pin 15

Fig 4: Voltage Regulator 

 

At the output of the Regulator, there will be voltage 

drop across the IC Regulator of about 0.7V therefore, 

output voltage from 7812 = 11.3V  

The specified current of the Regulator is 50mA. 

V+ = IR8 

11.3 = 50 x 10
-3

 R8 

R8 =          R8 = 226 

Preferred value of R8 = 320 

 

Driver Section  

In a two signal that is changing polarity, when the 

first signal is positive, the second signal will be 

negative and vice versa. This process is repeated 50 

times per second, that is, an alternating signal with 50 

Hz frequency is generated inside the flip-flop section 

of the IC. 

 

This 50Hz alternating signal is output at pin 11 and 

14 of the IC. This alternating signal is known as 

“Mos drive signal”. The Mos drive signal at Pin-11 

and 14 is between 3 to 4V. Voltage at these Pins 

should be of the same value; any difference in the 

voltage at these pins could damage the MOSFET at 

the output 

 

 

 

AC 

MAINS 

VOLTAGES 

220

NEUTRAL 

D9

D10

C9

R7

ZD2

C10 2

3

4

8 1

R34

R35

TR5
IC5

V-

R33

C11

D11

RELAY

RL1

RL2

RL3

LIVE

 Fig 5: Circuit Diagram of Inverter Change over  
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MOS drive signal from pin-11 and 14 of the IC2 is 

given to the base of MOS driver T1 and T2. This 

result in the MOS drive signal getting separated into 

two different channels.  

 

Transistor T1 and T2 amplify the 50Hz MOS drive 

signal at their bases to a sufficient level and output 

them from emitter. 50Hz signal from the emitter of T1 

is given to the gate (G) of each MOSFET in the first 

MOSFET channel. Through resistance R10 (2.2K) 

each MOSFET gate (G) receives the 50Hz signal 

through a resistor (100Ω). The process also goes for 

the second channel of the signal generated.  

Pin 11

R12 

R11 

V+ 

 
 Fig 6: Schematic Diagram of Driver Stage  

 

The resistor values at the base of TR1 and TR2 was 

obtained from the transistor parameter (i.e the 

specification according to the data given by the 

manufacturer, through data book or catalog0. The 

type of transistor used in C945 is of the following 

specifications:  

Ic max  = 500mA 

Hfe = B = from 100-600 

Using the formula given below  

RB =  

 

 

 

 

 
Preferred value of RB = 2.2K 

 

Pin 11

Pin 11

2.2k

2.2k

2.2k 1.2k

100Ω

470Ω

2.2k

2.2k

2.2k

1.2k

100Ω

470Ω

12v

B+V+

12v

V+

 

Figure 7:  Circuit Diagram of Driver unit 

 

Switching Section (MOSFET) 

MOSFET is a Metal Oxide Semi-Conductor Field 

Effect Transistor with three terminal legs that can be 

used either as an amplifier or as a switching device. 

The three terminals are Drain, Sources and the Gate.  

In the oscillator unit, a 50Hz is generated 

alternatively, reaching each channel of the MOSFET 

separately. This results in alternative switching of the 

mosfet drive on and off. When the first channel is on, 

the second will be off and when the second channel is 

on, the first one will be off. This on and off switching 
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process is repeated for 50 times per second. 

Therefore, with this system of operation, MOSFET is 

used as a switching system in inverter.  

 

Drain (D) of all the MOSFET of one channel was 

connected together and one end of the inverters 

transformer’s bifilar winding is connected to this 

contact. While the drain of all the second channel is 

connected to the other end of the inverters 

transformer winding. 

 

Positive terminal of the battery is connected to the 

center tapping of the bifilar winding. This results in 

the positive supply reaching the drain (D) of each 

MOSFET transistor, through each end of the bifilar 

winding. 

 

Source (S) terminal of each MOSFET was connected 

to the negative terminal of the battery through a shunt 

(low value resistance). 

 

Because polarity of the 50Hz MOS drive signal at 

pin-11 and 14 are different, at a time only one 

channel from the output channel remains on, the 

other channel stays off.    

 

 

 

 

 

 

 

A MOSFET was projected using power diodes across 

the drain to source terminals to avoid the MOSFET 

being damaged. Without the MOS drive signal, the 

MOSFET will stop operation and the inverter will 

switch off. This will protect the MOSFET from 

getting damaged. 

 

The number of MOSFET used in the inverter was 

determined shown below: 

A33.208
24

5000


 
Using a MOSFET of 30A  

 

IRF 250 or IRF 150 or any, the important thing is to 

know the characteristic of the MOSFET using 

through data book. 

Number of MOSFET = 

MOSFETofcurrent

250  

MOSFET793.6
30

208
  

Therefore, three MOSFET was used for each 

channel, To make the MOSFET work load to reduce, 

we divide  

97.8
8.0

7


 
 

 

MOSFET  PER CHANNEL             

PIN 1 = GATE

PIN 2 = DRAIN 

PIN 3 = SOURCE

SOURCE

SYMBOL OF MOSFET PHYSICAL SYMBOL

1 2 3

IRF150

DRAIN

GATE

Fig 8: Symbols of MOSFET 

 

Automatic Change over Section  

When the AC mains supply is available, the 

changeover circuit keeps the inverter section off and 

the battery charging section on. When the AC main 

supply is not available, change over circuit sends the 

battery supply to the inverter section. This results in 

220VAC supply at the inverter output socket.  

 

When the public power supply is not available the 

inverter is on by indication of green light, but as soon 

as the AC supply is available the indicator of the AC 

comes on indicating the present of public supply but  

 

the changeover will not take over immediately and 

the battery charging is well does not start 

immediately, it starts after a delay of about 8-10 

seconds.  

 

This is done to protect the MOSFET at the output 

section. If the charging is started immediately, when 

the AC mains return the MOSFET at the output 

section will receive high current and could get 

damaged. The changeover is done through the use of 

relay contact; and electromechanical device.  
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INPUT 

VOLTAGE

PRIMARY

220V
V2

VRET

V+

V-

0

12

Fig. 9: Circuit diagram of change over with time delay section. 

 

The automatic switching from AC mains to battery 

and from battery to AC mains is known as 

changeover. A two-pole relay is used for the 

changeover operation when the AC mains return; this 

brings the inverter into charging mode. 

 

Low Battery Detection  

When the battery voltage reduces from 12v to 10v, 

the battery is considered discharged, the inverter 

should be switched off; otherwise the battery will go  

 

 

into deep discharge which can get it damaged. To 

switch off the inverter in low-battery condition, a low 

battery cut circuit is used. The low battery signal is a 

circuit which alerts the user of the status of the 

battery but if the user does not obey the setup there is 

another system that sends shutdown signal at 

shutdown pin-10 of PWM controller after some time, 

therefore this stop the oscillation section from 

operating and the inverter will automatically shut 

down. 

 

8 4

7

6

2
1

3

V+

V-

Vref 

R2 

R1 

Vjn 

R3 

Fig 10: Low battery alert signal circuit 

 

Surge Protection Section  

The high voltage surge protection circuit prevents 

high voltage from destroying the appliances 

connected to the inverter while the AC mains are 

available. When the high voltage surge occurs, the 

UPS backs off from the high voltage and operates as 

an inverter as if there were no input supply.  

 

Delay Section Calculation  
V+ 

V+ 

Vout 

GNDC1

R1 R2

V+

V-

Fig 11: Delay circuit 

The capacitor C1 charges through the series resistor 

R1connected to it.  

6
101001.110

100.sec10

1.1








xxRx

ufcLetwhereT

RCT

 









kR

R

R

R

10

90909

00011.0
10

00011.010

1

1

1

1

 
 

Battery Charging Section  

The rechargeable battery used with the inverter 

requires constant charging, to keep the battery fully 

charged. To charge these batteries, the AC mains 

supply is rectified and converted into DC supply, this 

DC supply is then used to charge the battery. 
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A charger provides constant DC supply, to charge the 

battery uniformly. Also, the current provided by the 

charger are sufficient enough to charge the battery in 

a normal time period. Once the battery is fully 

charged, the charger stops the supply to the battery, 

as overcharging damages the battery. When the 

inverter section receives AC mains supply, it stops 

operation, but the charger section in the charger starts 

its operation and starts charging the battery.  

 

When the inverter receives AC mains supply a LED 

indicator starts to glow, indicting the presence of AC 

mains supply. Inverter transformer is used for 

charging in this mode. 

 

The inverter transformer works as a step-down 

transformer and outputs 12v supply at its secondary 

winding. 

DC

FILTER 

CAPACITOR

AC~

RALAY RALAY

12V

BT

0

12V

Gate

Gate

Fig 12: Battery Charging Circuit 

 

Inverter transformer and MOSFET together make 

charger circuit and charge the battery.  

These charge the battery but in this manner the 

battery does not get charged at a constant rate. 

 

Indicator  

Light Emitting Diodes were used as indications at the 

following situations.  

1. When the inverter is working on battery  

2. When the mains (AC) supply resumes. 

3. Low battery cut off. 

4. Over loading  

5. When the batteries are charging  

The L.E.DS need limiting resistors to reduce 

excessive current flowing into them and the values 

can be calculated using the formula below: 

 

 











KR

x
xx

R

11030

1003.1
1010

3.10

1010

7.112 3

33

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 13: L.E.D Biasing circuit 

 

Overload Protection Section  

When the load at the inverter output becomes more 

than the load specified for that particular inverter, the 

inverter could get damaged. The over load protection 

section switches off the oscillator section of the 

inverter under overload condition. This will stop the 

220VAC supply from reaching the output. So, by 

switching off the inverter, the over load protection 

section protects the inverter. 

 

Inverter Transformer 

The transformer is another section that must be well 

dealt with because it also determines the capacity and 

also the power rating of the inverter. If the size of a 

transformer does not match the specified load 

capacity, the device will easily get over loaded. The 

type and size of materials used in design and 

construction of the inverter has effect on the 

efficiency rating; therefore an accurate performance 

is met by using the right materials during the 

transformer windings. There are two types of 

transformers used during the design and construction; 

they are step-down and step-up transformers.  

Inverter transformer generates an electromotive force, 

which opposes the electromotive force being 

generated by the batteries with the properties of both 

coils and lamination there are different types of coils 

with different resistance, inductance and diameters; 

these parameters determine the size and the rating of 

inverter transformer in terms of power. The increase 

in diameter of the coil leads to the increase in the 

amount of current that will flow through the coils and 

decrease in the resistance value of the coils.  

IRV

d

CLR





2

4

  

The resistance of a material in the form of a wire is 

found to be directly proportional to the length of the 

cross-sectional area. 

R 

Vcc 

LED 
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4
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
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A
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R 

  
Resistances of conductor are of the order of 10

-4
 to 
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-6
 

 

In equation (ii), it shows that more current flows 

through a coil of low resistance. Both types of the 

transformer are electrically isolated but mechanically 

connected through an induced electromotive force 

that flows from secondary to primary winding. The 

lamination reduces and suppresses the heavy flux 

generated by the electric current through the core 

windings. 

 

The electromotive force of both transformer and 

batteries induces a higher voltage at the secondary 

output of the inverter transformer. The insulator 

separates the primary and secondary windings from 

touching each other, which also insulates the iron-

core from the coils. The forma assembled the coils of 

both primary and secondary winding, which create 

space for the lamination stack. The transformer 

guards reduce the noise being generated by the 

transformer while on load and on no-load, which 

causes reduction in the efficiency of a transformer. If 

a transformer is not well packed, such a transformer 

will generate excessive heats which lead to an 

increase in the temperature.                    

 

The numbers of winding of transformer coils was 

determined thus  

FxTxSx
x

I

V
T

4
1044.4


 

S = Stack 

T = Torque = total numbers of plate to be used x 

thickness of a plate 

F = frequency of operation to generate 220VAC = 

50Hz 

 4.44 x 10
-4

 is a Weber constant  

T/V = Turns per volt. 

 
NP = Number of primary windings  

Ns = Number of Sec windings  

Vp = Primary voltage  

Vs = Secondary Voltage  

The Power rating formula (Pr) was determined as 

follows: 

Pr = (T x S)
 2 

Where, T= Torque and S = Stale  

 

Transformer Design  
One of the important parts of the inverter is the 

transformer. The rating of the transformer designed is 

3000VA. The normal input voltage for normal 

operation is 12 D.C and the expected output is 240V 

A.C. In this project, mild steel (Laminated sheets) are 

used as the core of the transformer. A suitable value 

of the magnetic field density B is chosen as 1.5 Tesla. 

The efficiency of 80% is chosen to achieve a 

satisfactory performance. However, the dimension of 

the Lamination of the core selected for this design 

and construction is shown in figure 14.    

 

1.75cm 

3.5 cm 

1.75 cm 

10.5cm 
10.5cm STACK

TORGUE

Fig 14: Diagram showing dimension of transformer 

laminations  

 

Let  AC = core area  

 NL = number of laminations used is 

approximately 0.07cm 

 TL = thickness of total lamination used  

The transformer winding is pictorially represented in 

figure 15 below. 

12V

12V

220V

 
Fig 15: Transformer Windings 

 

The size of the coil used in the primary windings was 

gauge 12 and for the secondary side of the 

transformer was gauge 16 for primary side. The 

number of turns in each side is determined 

mathematically,  

The input voltage is 12V = Vs 

The expected output Voltage = 240V =Vp 

Number of turns in the primary side is 550=NP. The 

transformer ratio is 
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Therefore the number of turns on the secondary side 

Ns =27.5 the choice of transformer used in this 

project is based on the following calculations   

Efficiency  =   
powerInput

powerOut

 

Power factor =   

)(

)(Re

VApowerApparent

wpoweral

 

Input power =   

W2000
8.0

2500


 

   

Since the supply voltage applied at the input is 12V 

D.C., the current required at the inputs is given by: 

 

Where Iin = input current  

 So,  = 208A 

Hence, the input side of the transformer is required to 

be able to withstand about 250Ampere. 

 

Design of Battery Charging Stage  
The battery charging stage is made up of rectifying 

diodes connected in such a way to form a full-wave 

bridge rectifier.  The charger circuit used is a 

constant-voltage type; therefore the charging output 

voltage is derived from a constant regulated D.C. 

voltage output. The voltage, (in volts) that is higher 

than the terminal voltage of the battery (12 volts) is 

used to charge the battery. The circuit diagram of a 

charging stage is shown in the fig 16.  

It comprises of step down transformer.  
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Fig 16: Circuit diagram of a charging stage 

 

The choice of battery depends on the duration for a 

given power output of an inverter and the charging 

capability of the charger inside the inverter. It is 

necessary to find the time taken for a battery to 

discharge i.e. operation time of an inverter. 

Therefore, for charger transformer, we have.  

Input voltage = 230V 

Charging voltage =12V. 

a maximum load of 2500VA was applied to the 

secondary side of the transformer, (i.e. if the inverter 

is operating at full load).  

P2 = power supplied by the inverter to the load = 

2500VA, P = IV 
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Therefore I2 = 208A would be the maximum charging 

current used to charge the 12V battery. In this design, 

100AH battery is used, the operation time of the 

inverter can thus be calculated from  

Q = I2t 

Q  = 100AH (Battery capacity) 

I = 208A (maximum charging current at full 

load) = 10A 

hours
I

Q
t 0.2

100

208

2
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VIP
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The time “t” for inverter operation is 2 hours 

therefore, on maximum load of 2500VA and Full 

charge on the battery, the operation time of the 

inverter will be 2 hour. The operation time of the 

inverter is a function of the battery capacity (in 

Ampere) and can be increased by reducing the 

applied load or by increasing the battery capacity. 

The capacity (Ah) and (volt) can be increased by 

combining two or more batteries. 
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 Fig 17 Complete Circuit Diagram of 3kVA solar powered inverter 

 

Testingand Results 

Tests were carried out during and after construction 

to ascertain conformity with the required standard 

and desired specifications. The tests were made at 

some stages of the inverter circuit and the 

performance of each stage of the design was 

evaluated.  

 

 

 

Test Carried Out on the Circuit Board 
Oscillator outputs, pin 11 and 14 of the Pulse Width 

Oscillator, were tested with digital voltmeter to 

confirm the voltage of 4.52 Volts from each output. 

Frequency meter was also used to confirm the output 

frequency of 50Hz each which is the acceptable 

frequency of operation of a. c. supply. Power driver 

outputs were measured and the balanced voltages of 

12Volts were observed on digital voltmeter. The 12 
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Volts serves as the input to the primary side of the 

inverter transformer.   

 

Test carried out on solar panel  
Open circuit Voltage on no-load = 32.00V 

Short circuit voltage on load =24.80V 

Solar current output =      

Amps
V

watts
33.8

24

200


 
Open circuit current on no-load = 8.3Amps 

Output current measured at 7am = 0.09Amps 

Output current measured at 1pm = 5.9Amps 

Output current measured at 5pm = 0.5Amps 

Output current measured at Testing point= 3.9Amp 

 

Test Carried out on Inverter  

The following were the results of the test carried out 

on the inverter circuits. 

Oscillator output voltage  =3.50V 

Driver output voltage  =5V 

Frequency set   =50Hz 

Output voltage of the inverter transformer without 

feedback   =280V 

Output voltage of the inverter transformer with 

feedback   =230V 

Battery voltage  =24V 

Charger voltage  =30V 

 

Effect of Loading 

The duration at which the inverter discharges under 

load condition depends on the total power of the load 

connected to its output terminal and the power rating 

of the battery connected to its input terminal, bearing 

in mind that the total must not exceed 50% (i.e. 

1250VA) of its rated capacity. During the load test, 

there should be deviation in the voltage (as a result of 

supply current limitation of the power supply used) 

but due to automatic regulating action of the SG3524 

IC that either increase the oscillator output voltage or 

reduce it as may demand. Therefore, the output of the 

inverter made from SG2354 IC will remain constant 

with variation in load in as much as the battery is still 

supplying the required voltage 

 

Installation 

Two 100watts solar panels were connected in series 

to obtain 200 Watts, in order to charge the battery 

efficiently. 

Charging Time = 

Hrs
Amps

HrsAmps
22

8.8

/200


 

The solar panels are inclined at angle 30°West with 

firmed basement of 12”inches bolt and nut within the 

concrete basement. The standalone pole is 10feets 

above the ground which include the solar panel at 30° 

west. 

 

 

 

CONCLUSIONS 

The construction of a solar powered inverter at a 

frequency of 50 Hz was designed to complement the 

power supply from the national grid and put to use 

under load conditions. The inverter functioned in 

compliance with the model specification. The 

installation was done correctly while all design 

procedures were duly observed. 
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