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ABSTRACT 

Resistance spot welding process is one of the oldest methods used to join sheet metals 

using a combination of heat, pressure and time parameters. It is an economical and 

highly productive process and is, therefore, being used in various manufacturing 

industries and has a great future ahead. The paper aimed at presenting the design and 

implementation of a resistance spot welding machine for the purpose of welding two 

pieces of metal (low carbon steel), such as a thickness of 2.5mm each, 2mm each, 

1.5mm each and 1mm each. To achieve the output of 833Ampere needed for proper 

welding, a transformer rated 5KVA was designed and wound. For current control, 

several tapings were made on primary winding of the transformer and connected to 

the contact of a rotary switch through which the input current can be selected. For 

welding time control, a mechanical switch that can automatically isolate the 

transformer from the mains when the maximum input current passes through it, is 

incorporated on the primary side of the transformer. On testing, the machine 

successfully welded two pieces of metal (low carbon) each of 2.5mm thickness. 
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INTRODUCTION 

Resistance welding is one of the most commonly used electric welding processes by 

industry today (Arunchai et al., 2015). The weld is made by a combination of heat, 

pressure and time. As the name implies, it is the resistance of the material to be welded 

and the current flow through it that causes a localized heating in its internal structure. 

The pressure exerted by the electrode tips, through which the current flows, hold the 

parts to be welded in intimate contact before, during and after the welding current time 

cycle. The required length of time of current flow in the joint is determined by material 

thickness and type, the amount of current flowing and cross-sectional area of the 

welding tip contact surfaces (Nasir and Khan, 2016). Resistance spot welding is easy 
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to operate, automate, control and perform and thus is an ideal joining technology for 

mass production. It has been used for decades and it is the primary joining technology 

for sheet metal assemblies in the automotive and other industries (Sun, 2010).  

Recently, because of their light weight and relatively high strength, more and more 

aluminium alloys have been used in the construction of automobile body and panel 

parts to reduce weight and therefore enhance fuel efficiency (Kashiyama and 

Murakawa, 2013). 

Resistance spot welding process uses heavy current which is passed for a short period 

of time through the area of interface of metals and the application of pressure on the 

sheets to be joined. In resistance spot welding process flux is not used, and the use of 

filler metal is very rare (Nasir and Khan 2016). Resistance welding operations are 

normally automatic and, therefore, all process parameters are pre-set and maintained 

constant. Heat generated in a localized area is enough to raise the temperature at 

interface, so that the parts can be joined with the application of pressure. The heat 

generated is directly proportional to the square of the welding current. The basic 

formula for the heat generation as defined by joule’s law (AK and BL Theraja, 2005), 

may be stated as follows: 

Q = I2 R t …………………………………………………………………. 1 

Where: Q = Heat energy 

             I2 = welding current squared 

R = Resistance 

             T = Time 

 

The welding current is the most effective and common parameter to influence welding 

result of a given material configuration. A too low current will not provide sufficient 

heat to create a nugget while a too high current will result in expulsion and even 

temperatures above the boiling point (Carry, 1998). Expulsion decreases the nugget 

size and may also defect surrounding equipment and parts. If the boiling point is 

reached, there is higher risk for porosity in the finished weld. Another result of too 

high currents is too large indentations in the metal surface. The current level also 

affects the distortion of the base metal and the size of the heat affected zone (HAZ). 

(Zhang and Senkara, 2006). 

As Joule’s law, Equation 1, suggests, the welding time is of importance when 

calculating heat generation and resulting weld formation. Traditionally, as AC was 

used, the weld time was measured in periods. As the use of DC has increased, the weld 

time is now more commonly measured in milliseconds. As with weld current level, a 

too short weld time will not generate sufficient heat to form a weld a too short weld 
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time may lead to over-heating or expulsion (Davies, 1997). In production, there is a 

need to keep manufacturing times as low as possible to keep costs low. Thus, a shorter 

weld time is desirable and is more likely to be compensated by higher weld current to 

give adequate results (Andersson, 2013). In production, typical traditional weld times 

range between 200 - 700 ms depending on material configuration, other process 

parameters and weld requirements. 

In order to assure contact between the electrodes and the sheets during the entire weld 

process, the electrodes are clamped to the work piece. The force magnitude is another 

variable which will affect the outcome of the weld. If the force is too big, the electrical 

resistance will decrease at the contact surfaces and decreasing heat generation and not 

melting enough material. It may also cause conduction heat away from the weld area, 

which is undesirable for nugget formation. Furthermore, too high forces may cause 

damage to the work piece or excessive deformations. The surface deformations are 

especially important in areas where visual quality is of high importance. Examples of 

such areas may be outer sides of car bodies. On the other hand, a too low force will 

increase the risk of geometrical instability of the welding process and excessive heat 

generation. In other words, the risk for expulsion is increased with a lower force. 

Typical electrode forces in automotive manufacturing range between 3 - 6 KN 

depending on sheet material and thickness. Many conventional modern weld guns are 

capable of applying weld forces up to 5 KN, while higher forces may require stronger 

guns or custom modification of weld guns (Andersson, 2013). 

 

DESIGN 

The design of the spot welding machine is basically the design of the transformer 

which is the major component. 

A. Transformer: The transformer design is further categorized into two; core 

dimension and winding. 

CORE DIMENSION: Area of windows (ABCD = EFGH); AB X BD = 12 x 6 = 

72cm2  

Total area of two windows; 2 x 72cm2 = 144cm2. 

Total number laminated sheets = 300; thickness of each = 0.035cm. 

Apparent area of the front elevation (KLNO); KL x NO = 396cm2  

Real area of front elevation; 396 cm2 – 144 cm2 = 252cm2 

Area of top elevation before vanishing; (IJKL) = (0.035 x 300) = 10.5 cm  

= 10.5cm x 22cm = 231cm2 

Area of side elevation before vanishing; (IKMN) = 10.5cm x 18cm = 189cm2 

Total area of iron core before vanishing; 231cm2 + 252cm2 + 189cm2 = 672cm2 
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Thickness of each vanished lamination; 0.035 + 0.02 cm = 0.055cm Where 0.02cm is 

the vanish thickness. 

Total thickness of iron core = 0.055cm x 300 = 16.5cm  

Area of top elevation after vanishing; (IJLK) = 22cm x 16.5cm = 363cm2  

Area of side elevation after vanishing; (IKMN) = 16.5cm x 18cm = 297cm2 

Total area of iron core after vanishing; 252cm2 + 363cm2 + 297cm2 = 912cm2 

912cm2 – 672cm2 = 240cm2 

Figure 1 shows the complete dimension of the transformer core. 

 

 
Figure 1. Dimension of the transformer core 

 

TRANSFORMER PARAMETER’S CALCULATION 

Input and Output current: 

V1 = 240V; V2 = 6V ; P2 = 5KVA 

Maximum output current is  

Assuming an efficiency 98% 

Efficiency = output KVA (P2) / input KVA (P1) 

P1 =  

Maximum input current I1 =  

Primary and Secondary Turns: 

The magnetic flux Øm = BA, where B is the magnetic flux density in tesla (T) and A 

is window area in m2.   

A = 12cm x 6cm = 72cm2 = 0.0072m2  

Choosing B = 1.35T, using the relation; En = 4.44f ØmNn (A.K and B.L. Theraja, 2005) 

Where En is the primary or secondary voltage and Nn is the primary or secondary turn. 

Øm = B x A = 1.35 x 0.0072 = 0.00972wb. 

For the primary winding (N1): 

E1 = 4.44 x 50 x 0.00972 x N1 

240 = 4.44 x 50 x 0.00972 x N1 

N1 =  
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Making it to be 120 turns in order to get the desired output; N1 = 120 turns For the 

secondary winding (N2): 

  , therefore, N2 =     

Making it four (4) to get the required output; N2 = 4 turns. 

For the tapping:  

  , therefore, I2 =   

For N1 = 30 turns;  

           For N1 = 60 turns; I2 =  

          For N1 = 90 turns;  

            For N1 = 120 turns;  

B. Wire Size 

For the primary side of the transformer, the wire size that corresponds to the primary 

current (21.25A) is 19 gage.  

For the secondary side of the transformer, a flat copper conductor of thickness 3mm 

and breadth 24mm was chosen considering the magnitude of the current expected at 

the output.  

Area of the secondary side conductor; A2 = 3mm x 24mm = 72mm2 = 0.000072m2. 

The resistance of the secondary side conductor; R2 = SL2/A2, where S is the resistivity 

of copper conductor i.e. 1.7 x 10-8 ʊm and L2 is the length of the conductor which is 

2m long in this case. 

R2 = 1.7 x 10-8 x 2 / 0.000072 = 2.72 x 10-4 Ω 

C. The Electrode 

Since the current flows through the electrode to the work piece, it is obvious that the 

size of the electrode tip point determines the size of the resistance spot weld. Actually 

the weld nugget diameter of the electrode tip point. If the electrode tip diameter is too 

small for the application, the weld nugget will be small and weak. If however, the 

electrode tip diameter is too large, there is danger of overheating the base metal and 

developing voids and gas pockets. A general formula has been developed (miller 

welds, 2009) for low carbon steel. This formula will provide electrode tip diameter 

values that are useable for most applications. The formula is as follows: 

Electrode tip diameter = 0.100” + 2t; where “t” is the thickness in inches of one of the 

metals to be welded (Miller welds, 2009). For example, if two pieces of 0.062” sheet 

metal are to be joined, the electrode tip diameter will be same for both sides of the 

joint. The calculation will be as follows: Electrode tip diameter = 0.100 + 2t 

= 0.100 + 2 x 0.062” = 0.100 + 0.124” 

Electrode tip diameter = 0.224” 

For two pieces of unequal thickness, the diameters are calculated separately for both 

sides. 
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IMPLEMENTATION 

The implementation was carried out in the following stages; transformer coupling and 

winding, shaping of electrodes, and assembling electrodes with the weld arms and 

holders. A. Transformer: 

The transformer is the major component of the welding machine. It is a single phase, 

shell-type transformer that takes a primary voltage (V1) of 220/240V and step it down 

to a secondary voltage (V2) of 6V, at the same time rising up a primary current (I1) of 

22A to a secondary current (I2) of 833A.The is 5KVA. Figure 2 shows the schematic 

diagram of a single phase shell-type transformer. 

 
Figure 2. Single phase shell-type transformer 

B. Electrode Tip: 

Copper is best metal normally used for spot welding machines electrode tips. The 

purpose of the electrode tips is to conduct the welding current to the work piece, to be 

the focal point of the pressure applied to the weld joint. The electrode tip used in this 

work is low resistance hard copper alloy. The electrode tips were shaped using lathe 

machine into different shapes to suit different metals/purpose. Figure 3 shows how the 

different electrode tips looks like. The pointed one is mostly used for ferrous metals 

whereas domed is used for non- ferrous metals. Flat domed is used when spot welding 

deformation is not required (miller welds, 2009). 

 
Fig. 3. Electrode types 

C. Secondary Circuit: 
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This includes everything that is attached to the secondary side of the transformer. The 

weld arm, holders and electrode tips are part of the secondary circuit. 

The weld arm and holders were chosen be good conductors so as to bring the welding 

current to the welding point in the most efficient manner. It is at the welding point that 

the greatest relative resistance is required. The lower arm is fixed and takes the weight 

of the work piece, while the upper arm is movable and travels vertically. Both were 

chosen to be of greater rigidity. Figure 4 shows the complete arrangement of the 

secondary circuit. 

 
Fig. 4. The secondary circuit of the spot welding machine 

D. Control: 

In this part of the system a mechanical switch (circuit breaker) and a rotary switch are 

provided. The purpose of the control is to accurately time and regulate the functions 

involved in resistance spot welding. The major functions to be controlled are current 

and time. For the current control, several tapings were made on the primary winding 

of the transformer and connected to the contact of a rotary switch through which the 

input current can be selected. 

For the welding time control, a circuit breaker rated 20A was provided at the 

transformer input to automatically isolate the transformer from the mains when input 

current exceed 20A. This controls the welding time in such a way that when the two 

pieces of metal under welding are internally joined, the resistance quickly drop and 

the maximum input current tends to pass through the circuit breaker which in turn 

isolate the transformer from the mains. These happed within 5 to 10 seconds as 

accurately timed by a stop watch. The complete system circuit diagram is as shown in 

figure 5. 



 

 

          International Journal of Engineering and Technology Research  

                     Published by Cambridge Research and Publications 

 

                                                                  IJETR ISSN-2329-7309 (Print) 

 

 

269 

Vol. 19 No.5 

September, 2020. 

 
Fig. 5. The resistance spot welding machine circuit diagram 

 

TEST/RESULT 

The machine was tested by connecting the primary terminals of the transformer to a 

source of 220/240V supply. The work piece to be welded is then brought in between 

the two electrode tips, the movable arm down with the aid of a pedal to hold the work 

piece in place. The machine was put ‘ON’ by switching ‘ON’ the circuit breaker (CB), 

welding starts immediately, after 10 to 15 seconds which corresponds to the automatic 

switching ‘OFF’ of the circuit breaker welding is done. The work piece was removed, 

the machine switched ‘OFF’. 

The plates below depicts the welding machine during welding operation and the work 

piece after welding. 

  
Plate 1. The welding machine under test     Plate 2. The work piece after welding  

 

CONCLUSION 

The design and implementation of a resistance spot welding machine has been 

successfully achieved. The output current although 833A can still be improved upon 

by designing a bigger transformer whose rating is greater than 5KVA and the use of 

bigger copper conductor for the secondary winding of the transformer. The machine 
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has been tested several times, each time found to successfully weld two pieces of metal 

(low carbon steel). 
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