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ABSTRACT: The selection of optimal parametric settings during resistance spot welding is 
great concern in manufacturing sector, these days. Hence, an attempt has been made to 
study the effects of process parameter on the performance characteristics. The process 
parameters includes the electrode pressure (kg/cm2) squeeze time (cycle), weld time 
(cycle),weld current (KA), heat percent (% of input current) and hold time (cycle).The 
effect of heat percentage (weld current) in semi-automatic resistance spot welding has been 
studied. AISI stainless steel 304 has been chosen as base metal for study.The weld nugget 
width (mm) and tensile shear strength (KN) were considered as responses. The experiments 
have been performed on Bench mounted semi-automatic spot welding machine. 
Theoptimal parameter for electrode pressure, squeeze time, weld time and hold time were 
determined by the trial run. The results were analyzed using regression analysis.  
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I. INTRODUCTION 

Automotive vehicle body manufacturing operations include the joining together of two sheet 
metal layers by resistance spot welding. The RSW operation typically accomplished by 
assembling the sheet metal panels in a suitable fixture or other clamping apparatus and then 
pressing welding electrodes against opposite sides of adjoining metal panels. The weld 
electrodes provide clamping force and also communicate weld current to the point of contact 
with the metal panels [1]. RSW is a widely used joining process for fabricating sheet metal 
assemblies such as automobiles, truck cabins, rail vehicles and home applications due to its 
advantages in welding efficiency and suitability for automation [2].RSW is a very fast welding 
process. It takes less than a second to make a weld.It is a highly efficient production method that 
is particularly well-suited for automated production lines and mass production. RSW is also 
suitable for small batch production, because the method is flexible, equipment simple and the 
welding process is easy to control. In addition, an important advantage of the method is that it 
can be used for joining number of metallic materials. RSW is also suitable for the welding of the 
most common metal coated steel sheets [3].In this process workpiece are joined by means of a 
lap joint. The maximum thickness of the metal that it can weld is 6 mm. 

Studies has shown that the geometrical attributes of spot welds i.e. nugget size, is the most 
important controlling factor to determine the mechanical strength of RSW. Researchers used 
Taguchi method to optimize RSW process and concluded that tensile shear strength of joint 
depends on welding current and welding time, whereas electrode force was less effective factor 
for 0.8 mm thickness of sheet whereas tensile shear strength depends on welding current and 
electrode force with 1 mm sheet thickness and welding time was less effective factor [5].The 
influence of welding parameters on nugget formation in RSW process was analyzed and 

Effect of Heat Percent on Mechanical 
Properties of Resistance Spot WeldedSS 304  

http://www.ijntse.com


Harish Arya et. al. / International Journal of New Technologies in Science and Engineering 
Vol. 3, Issue. 1,January 2016, ISSN 2349-0780 

 
 

Available online @ www.ijntse.com                                                                  2 
 

concluded that the welding time has minor effect on nugget size in comparison with welding 
current when electrode force keptconstant. The weld nugget grows at the expense of heat input 
that increases with increasing weld time and weld current [6]. Therefore strength of spot weld 
increases initially with increasing weld time and weld current, but excessive values of  these can 
cause expulsion of molten metal and consequently strength reduces. 

 
II. EXPERIMENTAL PROCEDURE 

 
A series of experimental trials have been conducted to determine the welding range of heat 

percent. The details about the work material, experimental set-up,measuring apparatus, selection 
of process parameters and their range have been explained in the following section. 

A. Work Material 

A sheet of AISI 304 Stainless Steel has been used. The samples dimension of 100 x 30 x 1 mm 
has been used in the process study. 

 
Fig. 1 Base Material Dimension 

AISI 304 SS demonstrates a good combination of mechanical properties, toughness, 
weldability, corrosion and oxidation resistance. It is easy to clean, fabricate and shows beauty in 
appearance. It is widely used in chemical, petrochemical, architectural, automobile, and nuclear 
as well as domestic and food sectors where welding is often used as a fabrication tool.AISI 304 
SS is basically a steel alloy with the composition as shown in Table I. 

Table I.Work Material Composition 
C% Ni% Mn% Mo% Si% C% Al

% 
Si

% 
P% Rest 

Fe% 
18.06 8.062 1.791 0.152 0.363 0.036 0.0

62 
0.

25 
0.04

2 
71 (max) 

 

B. Electrode Material 

A copper alloy electrode is used in RSW.The electrode is required to have greater compressive 
strength and better wear resistance.In the present study, theRWMA class 2 alloy (zirconium – 
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copper – chromium) with a flat tip diameter of 5 mm is used as shown in Figure 2. Zirconium 
addition to chromium copper improves creep resistance at high operating temperatures and 
reportedly reduces sticking of electrodes to the work during spot welding.Class 2 Alloy is a 
superior resistance welding electrode material specifically recommended for high level 
production. 

 
Fig. 2 Spot Welding Electrode 

The experiments were performed on Bench Mounted Spot Welding Machine of 
MECHELONIC WELDERS Pvt Ltd (Advance Welding Lab, SLIET Longowal, Sangrur, Punjab 
INDIA). The experimental aim was to study the effect of heat percent on weld nugget width and 
tensile shear strength taken as performance measures. 

C. Process parameter 
The optimum ranges of parameters have been selected based on trial runs (within 

weldable range) and shown in Table II. 

Table II. Parameters used for spot welding 
Parameter Unit 

Dimension (mm) 100 x 30 x 1 
Over lap (mm) 30 

Electrode Force (Kg/cm2) 1.4 
Squeeze Time (cycle) 40 

Weld Time (cycle) 35 
Hold Time (cycle) 20 
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Fig. 3Bench Mounted Spot Welding Machine 

III. RESULTS AND DISCUSSION 

In RSW process planning, the most important measurement is weld nugget size and its 
sensitivity to process parameters. Thus, the regression model should describe the effects of 
changes in process parameters to weld nugget size. The benefits of a regression model is the 
mathematically simplicity of the numerical model, while having high predictive capability if 
generated correctly. The factors known to affect the weld nugget size are many and are often 
dependent to each other. The factors included in the regression model should satisfy several 
qualities; they should be physically and statistically significant while being easily accessible for 
process planning. The effect of different factors on the weld nugget size and thus their relevance 
in the regression model can be evaluated by ANOVA (Analysis of Variance). 

For 1 mm thick SS 304 sheet, the optimum parameters are found based on trial runs. By 
keeping other parameters constant, the heat percentage varies form 50% to 77% and total 10 
experiments are performed. Fig. 4 shows all welded specimens. Fig. 5 shows various zones of 
spot weld and 10 X optical zoom of welded spot of specimen. Corresponding current values has 
been measured. Nugget width has been measured with optical microscope and tensile shear 
strength has been measured for each specimen. The summarized results has been shown in Table 
III. 
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Fig. 4 Work piece after RSW 

 
Fig. 5 Weld Nugget  

Table III. Experimental layout and experimental results 

Run Heat Percent 
(% of input 

current) 

Weld Current 
(KA) 

Weld Nugget 
Width (mm) 

Tensile Shear 
Strength (KN) 

1 50 1.9 7.23 2.92 

2 53 2.2 6.97 4.01 

3 56 2.7 7.64 4.34 

4 59 3.2 7.97 5.57 

5 62 3.8 8.55 6.54 

6 65 4.0 8.84 6.96 

7 68 4.2 9.32 6.91 

8 71 4.8 9.39 7.51 

9 74 5.6 9.31 7.95 

10 77 6.1 9.56 7.97 
 

A. Analysis for weld current 

The ANOVA table for weld current is shown in Table IV. 
 

Table IV.Anova Table forweldcurrent 
Source DF SS MS F P 
Regression 1 17.1821 17.1821 522.83 0.004 
Error 8 0.2629 0.0329   
Total 9 17.4450    
R-Sq = 98.5% Adj R-Sq =98.3%  

The plot of weld current against heat percent shown in Fig. 6. The regression equation 
comprising both the explanatory variables is  
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I = -5.810 + 0.1521Hp         (2) 

 
Fig. 6 Fitted lineplot for current 

The scatter plots with their regression lines inserted shows linear relationship. As the value of 
heat percent increases proportionally the weld current increases. 

B. Analysis of Weld Nugget Width 

The ANOVA table for nugget width is shown in Table V. 
 

Table V Anova Table for weld nugget width 
Source DF SS MS F P 
Regression 1 7.70968 7.70968 99.15 .004 
Error 8 0.62208 0.07776   
Total 9 8.33176    
R-Sq = 92.5% Adj R-Sq = 91.6%  

The plot of weld nugget width against heat percent shown in Fig.7. The regression equation 
comprising both the explanatory variables is  

bn = 2.007 + 0.1019 Hp         (3) 

The scatter plot with their regression line inserted shows linear relationship. The higher the 
value of heat percent the higher is the tensile shear strength. 

 

 
Fig.7Fitted line plot for weld nugget width 
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Residual plots are used to evaluate the data for the problems like non normality, non-random 
variation, non-constant variance, higher-order relationships, and outliers. In normal probability 
plot, data is merely on a straight line, it lies very close to straight line which shows that 
experimental values are very close to the predicted values. There is very less variation between 
observed and fitted value as shown in Fig. 8.  

 

 
Fig.8Residual plots for weld nugget width 

C. Analysis of Tensile Shear Strength 

The ANOVA table for Tensile Shear Strength is shown in Table VI. 
Table VI.ANOVA Table for tensile shear strength 

Source DF SS MS F P 
Regression 1 263898 26.3898 107.94 .003 

Error 8 1.9558 0.2445   
Total 9 28.3456    
R-Sq = 93.1% Adj R-Sq = 92.2%  

The plot of tensile shear strength against heat percent shown in Fig. 9. The regression equation 
comprising both the explanatory variables is  

S = -5.903 + 0.1885Hp         (4) 

The scatter plots with their regression lines inserted show linear relationships. The higher the 
value of heat percent the higher is the tensile shear strength. 

 
Fig. 9 Scatter plot of tensile shear strength against heat percent 
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Fig. 10Residual plots for tensile shear strength 

In normal probability plot shown in Fig. 10, data is merely on a straight line. It lies very close 
to straight line shows very less variation in observed and fitted value. 

IV. CONCLUSION 

Analyzed results have shown that heat percent is not a constant parameter. It varies from 1 to 
99 and it depends upon current provided by the machine which in turn depends upon secondary 
winding of the machine. Heat percent is almost proportional to output weld current and with 
increasing its value weld nugget width and tensile shear strength increases linearly (until 
expulsion of weld metal occurs).  
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