
Alumona T.L et al, International Journal of Computer Science and Mobile Computing, Vol.5 Issue.4, April- 2016, pg. 570-583 

© 2016, IJCSMC All Rights Reserved                                                                                                        570 

Available Online at www.ijcsmc.com 

International Journal of Computer Science and Mobile Computing 

A Monthly Journal of Computer Science and Information Technology 

ISSN 2320–088X 
IMPACT FACTOR: 5.258 

   

 IJCSMC, Vol. 5, Issue. 4, April 2016, pg.570 – 583 

Design and Construction of an RF 

Remote Control 5kva Inverter System 

 

Alumona T.L
1
, Nwalozie G.C

2
, Ufoaroh S.U

3
, Alade T. A

4 

1, 2, 3Department of Electronic and Computer Engineering Nnamdi Azikiwe University, Awka, Nigeria 

4Department of Electrical Engineering, Nnamdi Azikiwe University Awka Nigeria 

hontheo1@yahoo.com, gc.nwalozie@unizik.edu.ng, su.ufoaroh@unizik.edu.ng, alade.tai@gmail.com 

  
 

Abstract: The Inverter system is an electrical system which accepts direct current (DC) as input and 

produces alternating current (AC) of appropriate voltage, frequency and phase as an output. The 

reliability of power company electricity service varies greatly due to many factors including the design 

of the power grid, protective features, power system maintenance practices and severe weather. This 

project aims to design a 5KVA inverter system with RF remote control using Pulse Width Modulation 

(PWM) switching scheme to supply AC utilities with emergency power. The remote section of this 

project is built using the radio frequency transmitter and receiver module operating at the frequency of 

434 MHz. This inverter system is designed in such a way that it can be operated manually using a 

switch or automatically using a remote but not both at the same time. The system is also designed to 

automatically switch over to charging mode when the battery goes below a threshold value of 18v and 

to stop charging above a threshold value of 25V. This feat is achieved using the LM358 IC which 

continually checks the voltage level of the battery and subsequently react accordingly by either 

switching off the inverter to recharge the battery or continue supplying the inverter. 

KEYWORDS: Pulse width modulation (PWM), Inverter, Radio Frequency (RF) 
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1 INTRODUCTION 

An inverter is an electrical power converter that changes direct current (DC) to alternating current (AC) [1]. It 

performs the opposite function of a rectifier which converts AC to DC. The inverter system has several electronic 

stages such as the oscillator, the amplifier, the switching and the transformer stages which work together to achieve 

the desired AC output. These stages of the inverter systems are so designed to produce output with the desired 

frequency, phase and voltage which are compatible with that required in household appliances and in industries. 

Generally, Inverters are classified as the Voltage Source Inverter (VSI) and the Current Source Inverter (CSI) [2]. 

The Voltage Source Inverter (VSI) has the following characteristics: the input voltage to the inverter is constant, the 

voltage cannot reverse but the current can while in Current Source Inverter (CSI), the input current to the inverter 
remain constant and the input voltage can reverse, but the current cannot. Constant reliable electric power should be 

an integral part of everyday life whether at home or in the office as sudden power failure disrupts our daily 

activities. 

Short term solution of power disruption could be addressed through this project work. The system embraces the use 

of electronic means to generate electricity. It involves the conversion of direct current (DC) source from the battery 

to alternating current (AC) that can be used to power our house, offices, hospital, banks etc. This system also 

incorporates an AC to DC converter which serves as a charging system, responsible for recharging the batteries 

when they go below a threshold value of 18V.  

 Objectives 

Specific objectives of this project are as follows: 

1. To design and construct a circuit that converts dc power to an ac power for various appliances used in 
laboratories, theatres and rural areas. 

2. To provide a noiseless source of electricity generation and  also power with low maintenance cost and 

zero fuel cost 

3. To have a source of generating electricity that has no negative effect on the environment. 

4. To design a switching system embedded in the Inverter that can wirelessly control the inverter from 

remote distance ranging from 1-100 meters. 

5. To design an automatic battery charging system capable of recharging the battery source when it goes 

below a threshold value 0f 18V. 

Project Justification 

Inverter will be of immense importance to all people in an area where there is irregular supply of electricity by way 
of serving as a substitute to power supply of electricity from big generating plants. The device is relatively reliable, 

risk free, portable, and cheap compared to other means of power generation.  

The design and construction of a 5KVA inverter which converts 24Vdc from a battery to 240Vac, 5KVA output 

which can be used to power essential circuits such as computers, surgical equipments, security doors, home 

appliances e.t.c. . Also the integration of the wireless control to the system adds automation to it and reduces the 

stress involved in manual switching of the inverter. 

II CLASSIFICATION OF INVERTERS 
On the market today there are two different types of inverters:  

 Modified Square Wave (Modified Sine Wave)  

 Pure Sine Wave (True Sine Wave)  

These inverters differ in their outputs, providing varying levels of efficiency and distortion that can affect electronic 

devices in different ways. 
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 Modified Sine Wave  
A modified sine wave is similar to a square wave but instead has a “stepping” look to it that relates more in shape to 

a sine wave. This can be seen in Figure 1, which displays how a modified sine wave tries to emulate the sine wave 

itself. The waveform is easy to produce because it is just the product of switching between three values at set 

frequencies, thereby leaving out the more complicated circuitry needed for a pure sine wave hence provides a cheap 

and easy solution to powering devices that need AC power. However it does have some drawbacks as not all devices 

work properly on a modified sine wave, products such as computers and medical equipment are not resistant to the 

distortion of the signal and must be run off of a pure sine wave power source Modified sine wave inverters 

approximate a sine wave and have low enough harmonics that do not cause problem with household equipment’s. 

The main disadvantage of the modified sine wave inverter is that peak voltage varies with the battery voltage. 

 

Pure Sine Wave 
Pure sine wave inverter represents the latest inverter technology. The waveform produced by these inverters is same 

as or better than the power delivered by the utility. Usually sine wave inverters are more expensive than the 

modified sine wave inverters due to their added circuitry.  

There are two methods in which the low voltage DC power is inverted to AC power;  

 The low voltage DC power is first boosted to high voltage power source using a DC-DC booster then 

converted to AC power using pulse width modulation.  

 The low voltage DC power is first converted to AC power using pulse width modulation then boosted to 

high AC voltage using a boost transformer.  

 

The second method is employed in the design and construction of this project because of its ability to produce a 

constant output voltage compared to the first method that requires additional circuit to boost the voltage 

 

Figure 1: Square, Modified and Pure Sine Wave 

 

III DESIGN METHOD 

The overall method employed in the design of this inverter system is the “push-pull” method of inverter design. This 

method involves the use of a “center-tapped” transformer, a pulse width modulated (PWM) sine wave source and 
the two banks of MOSFETs containing five (5) MOSFETs in each bank as it is the case with this design. The push-

pull mechanism is the situation whereby one bank of the MOSFETs allows the passage of current through them 

upon receiving a gating signal from the oscillator while the other bank remains redundant for a period of time; this 

conduction state of the MOSFETs are reversed automatically to the other redundant MOSFETs bank at the 

frequency of 50Hz thereby supplying the transformer with the desired alternating input (24V AC). The transformer 

steps-up this 24V AC input supplied from the output of the MOSFETs to 240V AC at the same frequency of 50Hz.  
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The method used in actualizing the oscillatory unit of the project is the pulse width modulation techniques. This 

technique is made possible in this project by the use of a custom made integrated circuit (IC) chip SG3524N which 

when energized with a direct current of 5V to 24V, will output the alternating current (AC) equivalent of the 

supplied input but of lower amplitude. The output of this oscillatory unit otherwise called the “gating signal” is now 

used to bias the gate of the MOSFETs in each bank. 

The method used in the transformer winding is the centre-taped winding method. This method involves the winding 
of the primary side of the transformer with the 24V - 0 - 24V AC ratio while that of the secondary side is 240V AC. 

This implies that the center tap of the of the primary side of the transformer with respect to the any of its side tapings 

will give the output of 24V while the side tapings of the both sides will give the output of 48V. 

The wireless remote section is accomplished using the radio frequency transmitter and receiver module which 

employs the amplitude shift keying method (ASK) method of modulation and operates at the frequency of 434MHz. 

These modules are coupled with the encoder and decoder IC for a proper transmission and reception of signal which 

is used in controlling the switch relay. 

 

System Design Approach 

 Engineering project requires a good design for it to be implemented. This project as one of such underwent through 

the design process which involves mostly mathematical and engineering calculations and derivations. Since the 
inverter system is an electrical / electronic system, current will flow through various components, voltage will be 

dropped at some points. Hence, laws and principles that deals with current and voltages at some point in the design 

process are applied. Some of these laws employed in this work include Joule’s law, Ampere’s law, Lenz’s law, 

Ohm’s law, Kirchhoff’s voltage and current laws, Faraday’s law of Electromagnetic Induction. 

Even as these laws were employed in the design of this project, some assumptions necessary for optimum 

performance of the system were made bearing in mind that ideal conditions are often not always obtainable. These 

assumptions include: 

 The DC input voltage should be in the range of 19V to 24V 

 The AC output voltage should be in the range of 220V to 240V 

 The radio frequency transmitter and receiver should operate within the distance range of 1 - 10meters. 

 The transformer should operate at the following design specifications: 

Input power = Output power = 5000VA 

Frequency of oscillation must be 50Hz 

Input voltage windings 24V – 0 – 24V AC 

Output voltage = 240V AC 

However, these assumptions can all be obtained in an ideal situation because in the real design, error is inevitable 

and is introduced either by the electronic components used or the noise generated by the system itself. Hence, the 

essence of these assumptions is to enable us design a system close to that obtained in an ideal situation. 

Stages of Implementation 

The implementation employed in this project, design and construction of a remote controlled 5KVA inverter system, 

can be segmented into blocks in order to cover all the necessary stages involved in actualizing it. Figure 2 shows the 

block diagram of the entire system. 
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Figure 2:   Block diagram of the remote controlled 5KVA inverter system 

 

Each block shown in figure 2 represents a functional unit in the complete physical system and performs a unique 

task. These blocks, while performing their individual tasks, depends on other units for efficient operation of the 

system. 

The system is so designed that it can be operated manually using a switch or wirelessly using a radio frequency (RF) 

remote control. The manual switch can be used to switch the inverter ON or OFF, same with the RF remote though 

both cannot be used at the same time. If the inverter was switched ON using a remote, it cannot be switched OFF 

using a manual switch and vice versa. This is done to ensure that the system is protected from multiple current path 

which if allowed could damage the system. Therefore, if the system is switched ON using the RF remote control, it 

can only be switched OFF using the same RF remote. Manual switch is made redundant while the system is operated 

by RF remote. Same is the case with the RF remote when a manual switch is used to operate the system. 

The battery serves as an input, supplying a 24V direct current (DC) to the system which upon inversion changes to a 

220V alternating current (AC) at the frequency of 50Hz. Of course the system cannot operate without the DC input 

source because the whole essence of an inverter technology depends on inverting a DC source to an AC source of 

appropriate voltage, frequency and phase. In this design, the lowest battery threshold is set at 18V. This is the 

voltage below which the inverter system cannot operate. At this voltage therefore, the low battery indicator 

automatically comes up indicating the need for the battery to be recharged. In the same vein, the maximum battery 

level threshold is set at 25V. This is equally the voltage above which the system is prone to malfunction or possibly 

get damaged. When the battery, during charging process gets to this level, a battery full indicator comes up showing 

that the battery is fully charged.     

The switch relay as shown in figure 3 is the relay that does the actual switching by closing or opening the current 

path from the DC supply (battery) to the entire circuitry in the system. This relay responds accordingly (either ON or 

OFF) to the signal received by the RF receiver or the manual switch by making and un-making contacts when its 

coils are energized.  
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Figure 3: Circuit diagram of the switching relay  

As shown in figure 3, the relay coil is only energized when the RF receiver receives the appropriate signal and that 
will enable the path for the current from the battery source to the inverter circuitry to be complete. Otherwise, this 

can be manually done by just pushing the manual switch. 

The Radio Frequency (RF) Remote   

The remote sub-section of this work was accomplished using a radio frequency transmitter and receiver pair. The RF 

transmitter (RF-TX-433) and receiver (RF-RX-433) modules manufactured by Citron technologies is used in 

transmitting and receiving data in simplex mode up to a range of 10 meters. The input data to the RF transmitter is 

from the HT12E encoder IC whose work is to convert the parallel signal from the push button of the remote to a 

serial signal suitable for wireless transmission. 

Also, upon receiving the transmitted data, the RF receiver sends the serial data received to the HT12D decoder IC 

where the serial data is re-converted to a parallel data as an output. The output from this decoder IC is sent to the 

AT89C52 microcontroller whose work is to control the switching relay whenever the decoder sends the signal 

received by the RF receiver to it. This way the system is controlled wirelessly using the RF transmitter and receiver 

module. 

 

Figure 4: Radio Frequency remote schematic 
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 Relay as a Switch (Automatic change-over) 

The inverter output is connected to change over relays which switch the load connected to the inverter output to 

mains while charging the battery when power from the mains comes up. This is done automatically hence the system 

is said to have automatic charging mechanism. 

 

The charging sub-section 

This section comprise of LM358 IC which is a comparator IC. This IC is the main component in this section because 

it does the work of monitoring the voltage level of the battery in order to know when the battery falls below the 

lowest threshold (i.e.18V) and subsequently triggering the relay coil to make contact thereby initiating charging. The 

voltage from the direct current (DC) battery source is fed into the LM358 IC through the aid of voltage divider 

resistors which is then compared to the lowest preset voltage of the comparator (i.e.18V). If the DC source voltage is 

greater than the IC lowest preset voltage, then no charging will be initiated by the system because the system 

understands from the reading of the comparator IC that the battery has not fallen below the lowest threshold. Also, 
when the battery is being charged, the comparator IC also monitors the battery to determine when to cut off 

charging. The charging is cut off when the battery voltage is greater than the highest preset comparator voltage (i.e. 

25V). 

 

Figure 5: Automatic Charging Circuit Diagram 

The Oscillator 

The IC SG3524N is used with its circuitry to obtain the desired oscillation at a frequency of 50Hz. Frequency meter 

is used in testing the output of the oscillator and if the reading is not 50Hz or even close, then adjustment should be 

made by varying the resistor at pin 6 (RT) and the capacitor at pin7 (CT) which are the frequency adjustment 
components in the circuit. 
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 The SG3524N is a fixed frequency pulse-width modulation voltage regulator control circuit. The regulator operates 

at a frequency that is programmed by one timing resistor (RT) and one timing capacitor (CT). RT establishes a 

constant charging current for CT. 

 

 
Figure 6: SG3524N Oscillator circuit diagram 

 

This subsystem is contained in the pulse width modulator (SG3524N), which ensures that DC voltage is properly 

converted into AC voltages at 50Hz frequency that is derived by properly setting the resistor and capacitor values 

connected to pin 6 and 7 of the SG3524N respectively. This circuit as the name implies produces an oscillating 

output with frequency as required for specific applications. It is basically an IC (SG3524N) which according to 

manufacturer’s specification utilizes some additional electronic components for its normal biasing. The SG3524N 

IC produces a pulse width modulated (PWM) wave signal, the PWM signal is a modulated square wave similar to 

the sine wave. The two most important pins of this IC for the actualization of 50Hz frequency are the pins 6 and 7. 

The values of resistor and capacitor connected to these two pins respectively determine the frequency of oscillation 

of the signals which this IC output from pins 11 and 14. The timing capacitor (CT) is connected between pin7 and 
ground. The timing resistor (RT) is connected between pin6 and ground. 

The oscillator outputs a frequency that is 180 degree out of phase from each other. The output of the oscillator stage 

now goes to the driver stage which is used to drive the transistors (bank of MOSFETs). 

The frequency of the oscillator circuit is calculated thus: [13] 

   
   

    
    (1) 

Where: 

   is in KΩ 
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   is in μF (usually 0.1 x      farad as indicated in the datasheet) 

 

F is in KHz 

    
   

    
  

   

      
 

   
   

      
       

Therefore, the following components are used in the oscillator circuit to obtain a 50Hz frequency output 

          
         

   = 13    
A variable resistor is used in obtaining this resistance. A frequency meter is used to measure the output of the 

oscillator in order to ascertain when it is at 50Hz. 

 

 

The switching (MOSFETs) Sub-section 
The MOSFETs are cascaded to each other and held firmly on a heat sink for effective heat dissipation. The number 
of MOSFETs used is calculated. Great care was taken in dealing with the MOSFETs because it deals with a large 

current (208Ampere) hence a very thick wire (6mm wire) is used in connecting the source of all the MOSFETs 

together to the negative terminal of the battery. The drains of the two banks of the cascaded MOSFETs are 

connected to the two extreme tapings of the secondary side of the transformer. 

Switching Circuit Calculation (the MOSFET) 

This is the stage where voltage polarity and power generation takes place. A centre tapped transformer is required 

for switching of the push pull arrangement. T1 and T2 are the power MOSFETS. 

Figure 7 shows the push-pull amplification stage. 

   

Figure 7: MOSFET push – pull configuration. 

 

                          IRFP260N MOSFET CONFIGURATION 

1:10 

24v 

OSCILLATOR 

OUTPUT 

T2 

T1 
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By connecting the positive and negative terminals of the oscillator output to the MOSFET banks, the sinusoidal 

waveform generated by the oscillator is fed to the MOSFET banks. During a particular cycle, either of the MOSFET 

banks conducts electricity. During the positive half-cycle, the MOSFET bank connected to the positive of the 

oscillator conducts electricity, producing a total current of 208.33A. During the negative half-cycle, the MOSFET 

bank connected to the negative of the oscillator conducts, producing a current of 208.33A. This current (208.33A) is 

the current required by the primary coil of the transformer. The current multiplied by the DC source of 24v gives 

4999.92VA (approximately 5000VA) which is the power input of the system. Since power input must be equal to 

power output, and turns ratio of the primary coil to secondary coil being equal to 1:10, the power output can be 
calculated from the relationship between the voltage, number of turns and current as shown below 

Vp/Vs = Np/Ns = Is/Ip  

Voltage induced in the secondary coil. 

24v / Vs = 1/10  

Vs = 240V 

Current in the secondary coil. 

Is = Ip * (Np/Ns) 

= 208.33 * (1/10) 

= 20.833A 

The power output of the system is thus 

= 20.833A * 240v  

=4999.92VA (approximately 5000VA) 

When large amount of power is needed, the MOSFETS is cascaded to get the amount of power required. The power 

to be generated depends on the capacity of the MOSFET and the rating of the transformer [5]. 

The power output for the design is 5000VA which is an apparent power, by using a battery of 24V, the total amount 

of current flowing in the circuit will be given by 

I = P/V 

I = P (vA)/V (v) =5000VA/24V 

= 208.33A 

This implies that the power element must have a current handling capacity in excess of 208.33A. 

 

 The Transformer 

The coil is one of the most important parts of the transformer. It is made of copper wire coated with insulating 

material which is made available in SWG (Standard Wire Gauge). It is used for winding the primary and secondary 

windings of the transformer. The transformer is constructed by winding coated copper wire of 18 SWG (standard 

wire guage) and 6 SWG as the secondary and primary coils respectively on a former or bobbin made of very thick 

paper. The actual winding of these copper wires are done with the aid of a hand driven simple rotating machine 
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which makes a single winding on the bobbin upon each rotation. After each winding, the number of turns made on 

the bobbin is counted and noted until the calculated number of turns is reached. Care was taken not to loss count or 

to over count the required number of turns as this can lead to less voltage or more voltage transformer output 

respectively. Care should also be taken to avoid creating a cut in the wire while windind to avoid short circuiting. 

 

 

 Transformer Subsection 

This subsystem ensures that voltage is properly transformed (stepped up or stepped down) where required. 

Transformer is mainly used for this subsystem. 

A transformer works on AC signals, it cannot work on DC signal because it does not generate mutual induction. A 

Transformer reads two coils, which are wound on a laminated core. These coils are primary coil and secondary coil. 

 The coil to which the AC supply is applied is called the primary coil/winding. The coil in which EMF is induced 

and the output is taken is called secondary coil/winding. The secondary coil can have one or more windings. 

In the transformer, electric energy is transferred from one circuit to another circuit. During this transfer, the current 

and the voltage can be changed, that is they can be increased or decreased. There is no direct electrical connection 

between the primary and the secondary coil in a transformer. When AC current flows in the primary coil, there are 

changes in the magnetic flux generated by this current in the primary that induce EMF (electromotive force) in the 

secondary coil. The voltage generated in the secondary coil depends on the ratio between the number of turns in the 

primary coil and number of turns in the secondary coil.  

Transformers used in inverter should be able to drive maximum load in a push pull circuit. Each channel of the 

MOSFET in the output section is connected to the 24v-0v-24v primary winding of the transformer. 0v center 

tapping is connected to the positive terminal of the battery, for producing similar effect on each winding. It is 

important that each winding should be of the same size, same length etc. 

Assuming we are working with an ideal transformer, where the output is equal to input power, that is 

Secondary power (VA) = Primary power (VA) 

            ………………………………………. (i) [15] 

Where: 

Vp = Primary voltage 

Ip =Primary current 

Vs = Secondary voltage 

Is = Secondary current 

Also, the voltage transformation formula gives a relationship between the number of turns in both primary and 

secondary windings with their corresponding voltages. This is independent of the coil sectional area. It is given as: 
  

  
  

  

  
   ………………………….............. (ii)  

Np = Number of turns in primary coil. 

Ns = Number of turns in secondary coil. 
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IV TESTING AND RESULT ANALYSIS 

It is proper that after construction, a careful testing of the output of each stage is carried out. This is to confirm that it 

conforms to the required output. The test carried out is the continuity test. Transformer used was also tested to make 

sure it is in conformity with the required expected output voltage.  

a. Project Testing 

The output voltage, current, power and frequency were measured using multi-meter, watt-meter, oscilloscope and 

frequency counter respectively. Household appliances such as TV set, Radio cassette player, computer system etc. 

were connected to the inverter and results obtained were tabulated in table 1 below. The results obtained shows that 

the output voltage, current, and power depends on the rating of the battery.   

b. Duration of Operation of the Inverter.   

Household appliances such as TV sets, Radio Cassette players, fan, computer system, as well as lighting bulbs were 

connected to the inverter and the duration was measured as shown table 2. 

The outcome of this test shows that as the electrical load connected to the inverter system increases, the duration of 

the inverter decreases. Therefore, the load connected to the inverter system is inversely proportional to the duration 

of the system. 

Project Maintenance  

The table 3 shows the steps that can be taken to get the Inverter working in case of faults. The possible fault 

symptoms, causes and remedies are tabulated below. 
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Table 1: Result of the Tests carried out 

 

Table 2: Test on Duration of Operation of the Inverter on different loads. 

S/No Load description Loaded power Power duration 

1 TV Set, Radio Cassette 

player, Fan and Electric 

Iron. 

1360W 3hrs 10mins 

2 Electric Cooker, Six 

Lighting Bulbs and 
Computer System. 

1700W 2hrs 46mins. 

3 Electric Heater, CD 

Player, Standing Fan, 

TV Set and Antenna. 

1815W 2hrs 20mins 

 

Table 3: Project Maintenance Prescription 

S/No Faulty symptom Causes Remedies 

1 No output when 

battery is full 

i.  Battery disconnected 

ii. Switch is open 

iii. Oscillator IC may be faulty 

iv. Transformer may be open circuited 

v. relay maybe faulty 

i.  Check battery contacts 

ii. Check the switch 

iii. Change the SG3524N 

IC                  

iv. Check the relay base and the 

transistor driving the relay 

2 Inverter still 

working when 

mains supply is 

restored 

i. Change - Over Relay may be faulty i. Check relay base, check 

transistors driving the relay. 

3 Inverter generating 

noise. 

i.Bad filter capacitor 

ii.Transformer may not properly be fitted 

to casing  

i. Replace filter capacitor 

ii. Check the screw 

 

 

S/No Input V Output  V Output  I Output Power Operating 

frequency 

1 18V 176V 12.80A 2252VA 50Hz 

2 19V 195V 13.82A 2694VA 50Hz 

3 20V 205V 14.32A 2936VA 50Hz 

4 22V 222V 16.46A 3654VA 50Hz 

5 24V 238V 20.4A 4864VA 50Hz 
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V CONCLUSION 

The aim of this work which is to design a 5KVA input inverter system has been achieved. The inverter system 

design comprises of various sections like; the oscillation, amplification, switching, transformation, battery/charging 

section and RF remote control. All these sections are performing as expected and are dependent on each other for 

proper operation. The construction was done in such a way that it makes maintenance/repair an easy task. This 

project has met the objectives and purpose which is to design and construct a 5KVA power inverter that could be 

used in homes, offices and industries to serve as an alternative power supply. 
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