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ABSTRACT—Experimental investigation on resistance spot 

welding has been carried out using 3
3
full factorial method. 

Stainless steel 304 has been considered for experimental 

work. The spot welding input parameters, which are 

considered for this work are welding current, cycle time and 

thickness, however tensile strength of nugget has been taken 

as output parameter. Results show that Welding current has 

significant impact on the tensile strength of nugget.  

Keywords: Resistance, Spot, Optimization, Strength, 

Factorial 

I. INTRODUCTION 

Resistance spot welding (RSW) has an important place in 

manufacturing and it is the simplest and most widely used 

form of the electric resistance welding process in which 

faying surfaces are joined in one or more spots. As shown in 

Figure 1, coalescence is produced in a relatively small area 

by the heat obtained from the resistance to the flow   of   

electric   current   through   the   work pieces held together 

under pressure by electrodes. The amount of heat produce is 

a function of current, time and resistance between 

workpiece and electrode.  

Therefore, the resistance of the work piece and the contact 

resistance between the electrodes and work should be kept 

as low as possible with respect to the resistance between the 

faying surfaces. 

 
Fig. 1: Resistance spot welding M/c 

This could be achieved by controlling the contact area, 

electrode materials, and dimensions, applied pressure, 

and surface quality of the work pieces.  

II. EXPERIMENTAL WORK 

Experimental work is carried out on stainless steel 304 

plates on resistance spot welding machine.  The quality of 

the spot welded joints is defined by the mechanical 

properties and size of the heat affected zone. The weld 

strength is measured by a number of standardized 

destructive tests, which subject the weld to different types of 

loading. Controlling the welding parameters plays an 

important role on the quality of the weld. The stiffness and 

the operating strength of the sheet metal are strongly 

influenced by the welding parameters and location of the 

spot welding. Therefore, it is very important to select the 

welding process parameters for obtaining optimal weld 

strength 

A. Design of experiment based on full factorial method 

Design of Experiment (DOE) is a powerful technique used 

for exploring new processes, gaining increased knowledge 

of existing process and optimizing these processes for 

achieving world class performance. DOE is experimental 

strategy in which effects of multiple factors are studied 

simultaneously by running tests at various levels of the 

factor. 

The effect of several parameters can be determined 

efficiently with matrix experiments using factorial design 

and the analysis of variances was employed to find the 

significance of the factor effects. The level of the full 

factorial design is shown in Table 1.Three levels of control 

factors are referred to as low, medium and high. Twenty 

seven experiments constitute the 3
3
 full factorial designs. 

Weld strength was taken as output variable; Welding 

Current, Cycle time and Thickness were taken as input 

parameters for improving the weld strength. 

               Control Factor Level 1 Level 2 Level 3 

Welding Current (Amp) 5 6 7 

Cycle time (sec) 5 6 7 

Thickness (mm) 2 2.5 3 

Table 1: Level of the Factor for Full Factorial Design 

III. PLANNING OF EXPERIMENTS 

Using Minitab software, we were planning a design of 

experiment. 
Create Factorial Design: (Start > DOE > Factorial > Create 

Factorial Design) 

Analysis Factorial Design: (Start> DOE > Factorial > 

Analysis Factorial Design) 

A. Experimental Table 

We have varied input parameter mention in Table.1 and 

weld strength measured for all set of parameter and 

documented in Table 2. 
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Sr. 

No. 

Process Parameter combination Tensile 

Strength 

(N/mm
2
) 

Current 

(Amp) 

Thickness(

mm) 

Cycle Time 

(sec) 

(A) (B) (C) 
 

1 5 2 5 57.08 

2 6 2 5 60.78 

3 7 2 5 52.76 

4 5 2 6 47.36 

5 6 2 6 58.31 

6 7 2 6 49.56 

7 5 2 7 45.58 

8 6 2 7 53.25 

9 7 2 7 46.14 

10 5 2.5 5 38.01 

11 6 2.5 5 50.01 

12 7 2.5 5 43.89 

13 5 2.5 6 35.66 

14 6 2.5 6 48.30 

15 7 2.5 6 42.12 

16 5 2.5 7 34.31 

17 6 2.5 7 43.01 

18 7 2.5 7 37.77 

19 5 3 5 35.17 

20 6 3 5 40.85 

21 7 3 5 36.27 

22 5 3 6 33.83 

23 6 3 6 38.15 

24 7 3 6 32.94 

25 5 3 7 29.51 

26 6 3 7 35.19 

27 7 3 7 30.16 

Table 2: Analysis Of Variance For Weld Strength 

IV. RESULTS & DISCUSSIONS 

A. Result Discussion for Weld Strength 

Factor 

Factor 

sum 

of  

Squares 

Mean 

Varianc

e 

Varianc

e 

Ratio 

Percenta

ge 

Contribut

ion 

Curren

t 
314.08 

157.04

3 
41.10 15.58% 

Cycle 

time 
199.47 99.73 26.10 9.89% 

Thickn

ess 

1425.0

6 
712.53 186.50 70.72% 

Error 76.40 3.82 1 3.7% 

Table 3: Analysis Of Variance for Weld Strength 

As shown in Fig .2 In Current vs. weld strength graph show 

that the when current increased than strength will be also 

increase, but when more current increased that time 

temperature increased between two plates. So melt produces 

in it and joint much not proper and reduce the weld strength. 

In Thickness vs. Weld strength graph show that the when 

thickness increased of plates that time the weld strength also 

reduce. In Cycle time vs. weld strength graph show that the 

increased the time also the weld strength increased, but the 

high cycle time also the high temperature produces so that 

weld strength reduce. 

 
Fig. 2 Main effects plot for weld strength 

In Cycle time vs. weld strength graph show that the 

increased the time also the weld strength increased, but the 

high cycle time also the high temperature produces so that 

weld strength reduce. 

V. CONCLUSION 

The following conclusions could be drawn from the present 

investigation 

1. The experimental results show that the right 

section of the input parameters is: medium current, 

low material thickness and low cycle time.  

2. The response of S/N ratio with respect to tensile 

strength indicates the thickness to be the most 

significant parameter that controls the weld tensile 

strength where’s the holding time and pressure are 

comparatively less significant in this regard.  

3. The contribution of welding current, cycle time      

and thickness towards tensile strength is 15.58%, 

9.89 %and 70.72 % respectively as determined by 

the ANOVA method  
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