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Abstract : Welding serves a variety of purposes across domains. Machinery and equipment fabrication, pipeline and manifold welding, 
structural welding, offshore welding and ornamental welding are examples of welding that take place in business and industry. Welding 
equipment has become one of the most important tools that a producer can possess hence the need to design and construct an arc-
welding machine. In this paper, the authors designed and constructed 3KVA, 50 Hz, single-phase arc welding machine using locally 
available materials. To solve the problem of weight and size of conventional arc welding machine an inverter circuit was also designed. 
The inverter provides much higher frequency than 50Hz or 60 Hz for transformer used in welding. The locally constructed electric arc 
welding machine capable of withstanding 150 A, when subjected to insulation test, short circuit and open circuit test to ascertain 
performance characteristic were very satisfactory. 

Keywords:  arc welding, equipment fabrication, inverter, transformer.  

——————————      —————————— 
Introduction 

Welding is a method of joining metals in which heat and /or pressure are applied to the area of contact 
between the two components; a filler metal may be added into the joint depending on the welding process [1]. 

There are many kinds of welding, which include arc welding, resistance welding, gas welding among 
others. Emphasis will be laid on arc welding because it is the most common type of welding as well as the main 
aim of this design.  In arc welding, an electric arc is generated between a base metal and electrode. The heat of 
the arc melts the base metal and welding consumable to produce the weld metal for joining structural 
components [2].  

Equipment that performs the welding operation under the observation and control of a welding operator 
is known as welding machine. To solve the problem of weight and size of conventional arc welding machine, it 
is necessary to design an inverter. The inverter provides much higher frequency than 50Hz or 60Hz supply for 
transformer used in welding. So transformer of much smaller mass is used to permit the handling of much 
greater output power. Selecting the operating frequency over the hearing of human ability reduces the welding 
noise produce by conventional arc welding machine [1]. The choice of 20KHz for the inverter type arc-welding 
machine was determined to meet the above expectation. Controlling the power supply for transformer at high 
frequency controls the output welding current. A frequency inverter provides this power supply. Power switch 
IGBTs (Insulated Gate Bipolar Transistor) or MOSFET is used for the inverter design due to its high switching. 

The control circuit use to control the output welding current is designed to drive the power switch at 
high frequency. Insulated Gate Bipolar Transistor power switch is more efficient and less prone to failure than 
MOSFETs power switch.  

Statement problem 
The weight and size of the transformer of the conventional arc-welding machine is much as well as the 

welding noise. 

 

Aims and objectives of the project  
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The aim and objective of this work is to design and construct and arc welding machine that operates on 
48vdc at variable frequency. This reduces the weight, size and noise level of the transformer use for welding. 
To have an arc-welding machine that is more efficient which produce neat welding.  

 

Significant of the study  
The significant of this project is that it seeks to construct an arc-welding machine that is cost effective, 

strong, portable and mobile.  

The main two components of the machine 

Transformer  
A transformer style welding power supply converts the high voltage and low current electricity from the 

utility mains into a high current and low voltage (typically between 17 to 45 volts and 55 to 590 Amps). A 
rectifier is used to convert AC into DC to obtain dc output.   By moving a magnetic shunt in and out of the 
transformer core helps to vary the output current. A series reactor to the secondary controls the output voltage 
from a set of taps on the transformer’s secondary winding. This type of power supply is least expensive but 
bulky. It is low frequency transformers that must have as high magnetizing conductance to avoid wasteful shunt 
currents. The transformer may also have significant leakage conductance for short circuit protection in the event 
of a welding rod becoming stuck to the workforce. The leakage inductance may be variable so the operator can 
set the output current [3]. 

Inverter  
 Since the advent of high-power semi conductors such as insulated gate field-effect transistor (IGFET) 

also known as MOSFET (metal oxide semiconductor field-effect transistor) it is also now possible to build a 
switched-mode power supply capable of coping with the high loads of arc welding. These designs are known as 
inverter welding machine.  The utility AC power is first rectified to DC power; then the DC power switch 
(invert) into a step-down transformer at high frequency to produce the desire welding voltage or current. The 
switching frequency is typically about 20KHz to 100KHz. The high switching frequency drastically reduces the 
bulk of the step-down transformer. The mass of magnetic components (transformer & conductors) goes down 
rapidly as the operating (switching) frequency increases. The converter circulatory can also provide features 
such as power control and overload protection. This type of welding machines (inverter based) is more efficient 
and provides better control of variable functional parameters than conventional welding machines. A micro 
controller controls the IGBTs or IGFETs in an inverter-based machine so the electrical characteristics of the 
welding power can be changed by software [4].  

 

Methodology and System Analysis  
Methodology  

Our approach to this project is realized through the design and construction of its input subsystem, 
control unit and output subsystem. The welding of a metal occurs when the control unit and the output 
subsystem links together through the conductive objective to be welded. Welding is the process of joining two 
or more similar or dissimilar material with/without the application of heat and/or pressure with or without using 
the filler material.  

 

Design Methodology  
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 In the design, we started with the overall system and begin to partition it into systems. The handy tool 
used at this stage is the block diagram shown in fig.1 the block diagram depicts the hierarchy of how the 
inverter sub-circuits will interact and interface with each other. The hardware prototype was actualized or 
realized on an experimental breadboard. This was achieved through the implementation of the inverter input 
subsystem to the output subsystem. These were carefully done according to the project block diagram and the 
final schematic circuit diagram.  

 
 

 
 

 
 

 
The system block diagram of the inverter arc welding machine project is shown in Fig1.  

 
 

 
 

 
 

 
 

 
 

 
 

Fig.1 Block diagram of an inverter type-welding machine. 
 

The system is a flexible power supply designed as current source corresponding to the block diagram 
shown in Fig1.which consists of the following stages.  

 

Design analysis  
 Power stage: In this stage, battery supplies the oscillator, buffer, power amplifier, and transformer stage with 
the necessary voltage. A 48v battery is use in our design to power the circuit.  

Oscillator stage: An IC SG3524 is use to generate the necessary pulse needed to drive the MOSFET (IRF150) 
to alternate the DC supply. The output from the oscillator stage is amplified using transistor (9013). This 

Oscillator Buffer Transformer Power amplifier 

Feedback  

Power  
supply 

O/P 
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amplified signal triggers the metal-oxide field-effect transistor with Vgs greater the threshold voltage. The 
frequency at which circuit operate is determined with the oscillator stage.  

Power amplifier stage: This stage determines the primary power of the transformer. MOSFET (IRF150) is 
used in the design for power amplification. 

Transformer: This is the final stage which transforms the 48v (modified square wave) to about 25v depending 
on the frequency of the pulse generated at the oscillator stage.  

Transformer design 
Welding transformers are designed upon the nature of welding operations. For an inverter-type welding 

machine, the transformer is designed to be small in size and less weight compared to conventional welding 
machine. In an arc welding machine electric discharge is used for welding. This discharge is known as an arc. 

Voltage required in maintaining the arc is given by 
V = C + DL [5] ...................................................................................................................................... (1) 

 Where; C = 15 to 20 volts  
D = 2 to 3 volts 

 L = length of arc in mm and its value is about 2 to 4mm  
An arc is maintained at a voltage of about 24 to 30 volts. 

Design specification  
Output Voltage = 25Vac  

Output Current = 80A  
Input Voltage = 48Vdc  

Transformer Power rating = 3KVA 
K = 0.45 

F = 50Hz 
BM = 1.2T 

Current density, j = 3.2 A mm-2  or  3.2 x 106 A/m2 
Space factor Kw = 0.3 

Core Dimensions 

Volt per turn           tV  =  K KVA         [6]  .......................................................................................... (2)  

tV  =  0.45 3 0.78=  

For square wave, 

Calculation for the core area, Ai 
Vt = 4.44fBmAi [6] ................................................................................................................................ (3) 

2 2
1

0.78A  =  = 0.0029.28 m  or 29.28 cm
4.44 x 50 x 1.2
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Gross iron area Ag = iA
0.9

3 .................................................................................................................... (4) 

229.28  = 32.53 cm
0.9

 

Assuming 0.9 as the stacking factor. 

Width of the central limb = 2 x width of the side limb 
= 2 x a .................................................................................................................................................... (5) 

Core depth, b = 2.5 x width of the central limb = 2.5 x 2a = 5a 
Ag = b x 2a = 5a x 2a = 10a2 ................................................................................................................... (6) 

Therefore                         10 a2 = 32.53 

32.53a =  =1.80 cm
10

 

Since a = 1.80 

 
b = 5 x 1.80 = 9 cm 

Core depth, b = height of the yoke for shell type, Hy 

 
Depth of the yoke Dy = width of the side limb = 1.80 cm 
 

Window Dimensions 

w 3
m i w

KVAA
2.22 x f x B x A  x K  x j x 10−=  [7] ......................................................................................... (7) 

w 3 6 3

3A
2.22 x 50 x 1.2 x 2.928 x 10  x 0.3 x 3.2 x 10  x 10− −=  

 

Aw = 8.01 x 10-3 m2 or 80.1 cm2 
 

Aw = window height (Hw) x window width (Ww)    

W

W

H  = 3
W

 

HW = 3 Ww    

 
2

w ww W  A  = w3=  [6] ............................................................................................................................ (8)  
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w
80.1W  =  = 5.2 cm

3
  

 
Hence,                                                       Hw = 3 x 5.2 = 15.6 cm 
 
Overall height H = Hw + 2 ..................................................................................................................... (9)   
 

= 15.6 + (2 x 1.80) = 19.2 cm 
 
Overall width W = (2 x Ww) + (4 x a)  .................................................................................................. (10) 
 

= (2 x 5.2) + (4 x 1.80) = 17.6 cm 
 
Winding  

Primary winding turns 1
1

t

VT  = 
V

  ........................................................................................................... (11) 

62
78.0

48
=  

Total number of turns at the primary is 124 (center tapped) 

Primary winding current    
1

1

PowerI  = 
V

 ................................................................................................ (12)  

3000=  = 62.5 A
48

    

Taking current of 3.2 A/mm2 for the primary, the conductor area 

2
1

62.5a  =  = 19.53 mm
3.2

  

 
To calculate the diameter of conductor, 

2
2

1
πda  = πr  = 
4

 ..................................................................................................................................... (13) 

Where a1 = area of primary conductor, d = conductor 

                   

(4 x 40)d =  =4.996 mm
3.142

  

 

Secondary winding turns 2
2

t

VT  = 
V

 ....................................................................................................... (14) 
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2
25T  =  = 32

0.78
 

While calculating secondary number of turns, allowance of 5% is selected so as to compensate for the voltage 
drop in the winding. 
Therefore  

  2
5T  = 32 +  + 32  = 34 

100
 
 
 

  

 

 Secondary winding current 
2

2

PowerI  = 
V

.............................................................................................. (15) 

3000 =  = 120 A
25

 

Taking current of 3.2 A/mm2 for the secondary, the conductor area 

2
2

120a  =  = 40 mm
3.2

 

To calculate the diameter of conductor,  
2

2
2

πda  = πr  = 
4

 ...................................................................... (16) 

Where a2 = area of secondary conductor, d = conductor 

(4 x 120)d =  = 12.4 mm
3.142

 

 

 

Design of an Oscillator Using IC Sg3524  
RT (R8 + R9) and C1 connected at pin 6 and pin 7 of the IC SG3524 respectively determine the 

frequency of oscillation. Using equation below we determine the value of the unknown parameter.  

1 T

1.18f = 
C C

  [8] ....................................................................................................................................... (17)  

Assume C1 = 0.1 x 10-6 F and the required frequency f = 50Hz  

Therefore,        6

1.18f =  = 236 K
0.1 x 10  x 50− Ω  

The IC SG3524 is used in the oscillation section of this inverter. This IC is used to generate the 50Hz 
frequency required to generate AC supply by the inverter. To start this process, battery supply is given to the 
pin 15 of the SG3524 through NPN transistor (TIP41). D3 at the base of Q3 as shown in Fig2. is use to regulate 
the IC SG3524 supply voltage. The pin 8 is connected to the negative terminal of the battery. The pins 6 and 7 
of the IC are the oscillation section pins. The frequency produced by the IC depends on the value of the 
capacitor and resistor connected at these pins. The capacitor (0.1 µF) is connected to pin 7. This capacitor 
decides the 50Hz frequency output by the IC. Pin 6 is the timing resistance pin. The resistance at this pin keeps 
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the oscillator frequency constant. A preset variable resistor (20K) is connected to ground from pin 6 of the IC. 
This preset is used so that the value of the output frequency can be adjusted to a constant 50Hz. A fixed 
resistance of 220K is connected in series with the variable resistor as shown fig3. by the relation:  
 

1 T

1.30F = 
C C

  [9]. ..................................................................................................................................... (18) 

Where F is the frequency in KHz, RT is the total resistance at pin 6, and CT is the total capacitance at pin 7. 
Therefore, to obtain a frequency of 50Hz,  

Given     CT = 0.1µF  

6

1.30F =  = 260 K
50 x (0.1 X 10 )− Ω  

Therefore, RT must be varied at 100K to obtain a frequency of 50Hz. In our design, we used a fixed 
resistor of 200K and a variable resistor of 100K.  

             Signals generated at the oscillator section of the IC reach the flip-flop section of the IC. This section 
converts the incoming signals into signals with changing polarity. In this signal, changing polarity means when 
the first signal is positive, the second would be zero and when the first signal becomes zero, the second would 
be positive. Therefore, to achieve a frequency of 50Hz, this process most repeat every 50 times per second i.e. a 
pulsating signal with 50Hz frequency is generated inside the flip-flop section of the IC.  
This 50Hz frequency alternating signal has an output at pins 11 and 14 of the IC.  

This pulsating signal may also be known as the MOS drive signal. This MOS drive signal at pins 11 and 
14 is between 4.6 - 5.4V  

Voltage at these pins should be same, because any variation in the voltage at these pins could damage the 
MOSFET at the output.  

Since the reference voltage for the error amplifier (pin 2) is set to be 2.5v using voltage divider. 
Therefore voltage supplied to pin 1 said to be 2.5v.  

 Using voltage divider:  
 

Assume R4 = 4700 ,  

4
pin 1 = ref 

4 3

RV V  x 
R  + R

 ........................................................................................................................... (19) 

   
Vpin 1 = 2.5 v 

 

3

47002.5 = 5 x 
4700 + R

 

R3 = 4700 or 4.7 K  
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pin 2 = out 
5

RV V  x 
R  + R

s

s

 ......................................................................................................................... (20) 

  RS = R6 + R7, note that Vout is positive value which is equals 14.5v in our design. Required voltage at pin 2 
equals 2.5v  

Assume R5 = 100 K ;  

pin2 s
s = 

out pin2

V  x R
R

V  + V
 .................................................................................................................................... (21) 

 

 

s = 
2.5 x 100 000R  = 20.833K

14.5 - 2.5
Ω  

Taking preset R6 as 20k  then R7 = 0.83 K   

Vpin 15 = VD3 – VBE(Q3) 
Vpin 15 = 13 – 0.7 = 12.3 V 

 
Results and discussion 

After the design and construction, open circuit and short circuit test were carried out. The physical 
working of the machine was also carried out. 

The tongs of the electrode holder grip the electrode tight for different job positions; hence no arcing effect was 
noticed on the tong. Arc production with the different gauge of electrode was very satisfactory for the metal 
works. 

It has good performance and high operational efficiency and test showed that the design specified the 
anticipated requirement when compared to the conventional arc-welding machine. 

 

 

Conclusion 
      The design and construction of an inverter type 3KVA, 50 Hz, single-phase arc welding machine has been 
successfully presented in this work. 

     The successful completion of this work will provide job opportunities and improve the standard of living of 
most people in the third world countries like Nigeria. It will also reduce the dependence of third world countries 
on imported commodities.  
 

 

List of symbols and abbreviations: 
V1 = primary voltage  
V2 = secondary voltage 

Vt = turns per volts 
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I1 = primary current 
I2 = secondary current 

F  = frequency (hertz ) 
 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Fig2. Oscillator/ buffer stage 
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Fig3. Power amplifier/transformer stage 
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