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Abstract – Resistance spot welding is commonly used in the automotive industry due to the 
advantage of high-speed, the high-production assembly lines, and the suitability for automation. 
The spot-welded joints are usually exposed to shear and tensile loads during the services, and 
hence these service conditions lead to the rupture of the welded joint. In this study, the effect of 
welding process parameters on the ultimate tensile strength and micro hardness of the AISI 304 
stainless steel resistance spot welded joints are studied. Three welding parameters with three 
levels are used in the experimental work as welding power (current), sheet thickness, and welding 
time. Resistance spot welding quality mainly depends on the welding parameters. Therefore, the 
selection of optimal parameter levels plays an important role in the quality of the welded joints. In 
this research work, Surface Response Method (SRM) has been used to determine significant 
process parameters and their levels for optimal ultimate tensile strength and micro hardness 
reported and nugget diameter. SRM based L15 orthogonal array is selected for experimentation. 
Experiments are carried out on austenitic stainless-steel grade AISI304. The level of importance of 
the welding parameters on the tensile strength and micro hardness is determined by analysis of 
variance (ANOVA) using Minitab 17 software. The tensile test, microstructure, and Vickers 
hardness test have been used to evaluate the welded joints. The main findings of this study have 
eben that the tensile strength decreases with increasing the welding current or welding time or 
both, whereas the MHV increases slightly with increasing of both the thickness and on-time 
duration. Furthermore, nugget diameter increases with increasing the welding time. Copyright © 
2021 Praise Worthy Prize S.r.l. - All rights reserved. 
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I. Introduction 

Resistance Spot Welding (RSW) process is commonly 
used in the fabrication and assembling of sheet metal, 
due to its advantages in welding efficiency and suitability 
for automation. For instance, approximately, the body of 
modern car needs from 7000 to 12000 spots depending 
on the car size [1].  

Tseng [2] has discussed about based optimization 
method where the optimum welding condition has been 
created by lowering the cost of welding symbolized by 
consumption of power. It has been derived from the 
welding current, the welding pressure, and the welding 
time for performing favored quality of welding. Kim et 
al. [3] have discussed the development of response 
surface method in order to optimize the RSW parameters 
such as welding current, welding time, and forging force 
as input variables. In their work, the shear strength has 
been maximized as an objective function. A. K. Pandey 
et al. [4] have used the Taguchi method to optimize the 
RSW parameters like different pressure, welding current 
and welding time used to join 0.9 mm cold rolled low 
carbon steel. The results of Taguchi have indicated that 
the medium values of current, pressure and large holding 
time are optimum values to achieve weld joint with high  

 
quality. N. Muhammad et al. [5] have optimized and 
modelled the parameters of resistance spot welding with 
simultaneously multi-response consideration using multi-
objective Taguchi method and RSM, where the 
experimental study has been conducted for sheet 
thickness of 1.5 mm from low carbon steel under 
different welding current, weld time and hold time. The 
result has showed the advanced linear RSM for 
expectation diameter of the weld nugget and HAZ width 
has been found good fitted. N. Charde and R. Rajkumar 
[6] have investigated RSW of AISI304. This study has 
been focused on the effect of welding current on the 
growth of nugget diameter and microhardness 
distribution through the welding region. The results have 
showed that the variation in the welding current leads to 
a variation in nugget growth. In other words, the increase 
in the welding current tends to increase the nugget 
diameter, but it does not affect the distribution of 
hardness. K. Rasheed and M. I. Khan [7] have studied the 
advanced comparative of responses of RSW method 
attained from three methodologies of genetic algorithm, 
design of experiments and response surface method, 
where the mild steel has been used in this experiment.  

The mathematical model has been presented by using 
regression analysis and ANOVA method. The result has 
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showed that the welding time and the current of welding 
are extremely effective parameters for welding to attain 
maximum growth of nugget diameter and strength of 
weld. Both these factors should be at medium 
magnitudes. H. Khatib et al. have analyzed the fatigue 
strength of weld joints in the volume of weld bead. The 
results have showed the fatigue life affected by damage 
progression [8]. E. A. Gyasi et al. have investigated the 
ability of using S960QS UHSS as weldable material for 
structure constructions by adaptive and monitoring the 
current, voltage and heat input. The results have showed 
the good weld penetration and weld shape of the 
influences by joint geometry [9]. A. Vartak and N. N. 
Raut have investigated numerically the FSSW by using 
FEM. The results have showed that the FEM has good 
potential with coupled Eulerian-Lagrangian [10]. C. 
Vimalraj et al. have studied the dissimilar joining of AA 
5083-H111 to AA6082 with AA5183 and AA5356 filler 
by using constant and pulsed current gas metal arc 
welding processes. The porosity and the lack of fusion 
have been showed in microstructure test. The hardness of 
joints in weld region has been similar for both filler wires 
of gas metal arc welding process variants [11]. V. S. 
Tynchenko et al. have carried out the intelligent control 
such fuzzy logic, artificial neural networks and a neuro-
fuzzy controller for induction soldering technological 
process. The results have showed highest efficiency 
control when using artificial neural networks to weld 
thin-walled aluminum [12]. A. M. El-Kassas et al. have 
investigated the weld quality with current, nature of 
vertical welding and torque in friction stir welding of 
Aluminum 6061pipe. The experimentation has showed 
an increase in the penetration depth when the torque and 
power increase [13]. R. S. Tabar et al. have built the 
surrogate models of individual assemblies by using a 
neural network approach. The geometrical deviation and 
the spot-welding sequence have been used for building 
the surrogate model. The results have showed that the 
evaluation time is reduced compared to the genetic 
algorithm [14]. M. Multanto and S. Sulardjaka have 
studied the mechanical properties friction stir welding 
with PolyTetraFluoroEthylene for ASTM D638 and 
D6110 standard. The results have showed an increase in 
impact strength and tensile at a speed of 20 mm/min [15].  

N. A. Rosli et al. have studied the effect of the gas 
metal arc welding, gas tungsten arc welding and plasma 
arc welding with 3D printer. These parameters have been 
used with Wire and Arc Additive Manufacturing 
(WAAW) in order to melt the welding wire by 
controlling the stand-off distance, current and speed. The 
layer-by-layer deposition has showed that WAAW is a 
good 3D structure [16]. I. Sabry et al. have investigated 
the underwater friction stir welding for AA 6063 pipe 
joints. The high tensile strength and the high hardness 
have been obtained when using underwater friction stir 
than the traditional process [17]. S. Hu et al. have studied 
the microstructure, the coach peel performance, and the 
defect distribution for the joint of aluminum alloys, 
AA5754-0 and AA602-T4 by using Multi-Ring Domed 

electrode. The improved mechanical performance with 
large nuggets has been obtained when using AA6022 
than smaller 5754 nuggets [18]. R. Suryanarayanan and 
V. G. Sridhar have studied the drawback of keyhole in 
friction stir spot welding of Al 5754 and Al6061 alloys 
by optimizing many parameters such as the tool 
rotational and plunging speed, plunge depth, and 
shoulder diameter and dwell time with using response 
surface methodology.  

The results have showed that the joint strength is 
affected by the crucial factor more than other shoulder 
diameter shape [19]. Z. Wen and W. Qing have 
investigated the different values of current in spot 
welding with steel (DP590) and aluminum (Al6061) 
welding joint. The results have showed the nugget 
diameter when the current increases [20]. Tabar, R. S. et 
al. have proposed the method for inspection fixture of 
springback calculation during the sequence evaluation, 
where the significant correlation is showed with the 
proposed method of evaluation of weld relative 
displacements [21]. Dong H. et al. have studied and 
improved the hybrid joints of carbon fiber reinforced 
polyether ether ketone composites and the aluminum 
alloy (AA5052) by friction stir spot welding [22]. Wang 
X. et al. have welded low carbon plates with adjustable 
tools of flat friction stir spot welding in order to obtain 
welded joints better than the conventional flat friction stir 
spot welding [23]. Ungureanu V. et al. have investigated 
the comparison between the self-drilling screw and the 
new technical method for the joints with spot welding of 
lightweight cold-formed steel beams, and the results have 
been that the new technical method has increased mass 
production of these joints [24]. Das T. et al. have studied 
resistance of the joints with the effect of multi-walled 
carbon nanotubes where the results have showed that the 
strength of welded joint has been improved about 45% 
than conventional spot-welding [25]. In this study, the 
tensile strength and the hardness of the spot welded joint 
(for AISI304 stainless steel) will be studied through 
controlling the input process parameters as welding 
power (current), sheet thickness and welding time. 

This paper is organized through the subsequent 
sections. Section II illustrates the materials and the 
experimental procedures used in this study. Section III 
presents the mechanical tests for determining the 
mechanical properties such as microstructure 
examination and micro hardness test. Section IV presents 
the results of tensile test of base metal, experimental 
works, AVOVA experiments test and microstructures 
examination. Section V reports the key conclusion of this 
study. 

II. Materials and Experimental 
Procedures 

The 304 stainless steel has been selected in this work.  
The chemical analysis, and the mechanical properties 

of 304 stainless-steel are shown in Table I and Table II 
respectively.  
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The value of hardness has been averaged of three 
readings in different places of the nugget for all the 
samples except the one that has recorded maximum and 
minimum ultimate tensile strength. These samples have 
been tested from the centre of the weld and they continue 
in the step equal to 1 mm. 

IV. Results and Discussions 

In this work, the Minitab program (Minitab 17) has 
been used for the design of experiment (DOE). The SRM 
Taguchi method has been used with three input factors 
and three responses have been used with response 
surface, which have been analysed using Taguchi 
method.  

The tensile test and fifteen experiments with different 
parameters have been performed by Design of 
Experiment (DOE) and the Surface Response in Minitab 
statistical program.  

IV.1. Tensile Test Results of Base Metal 

Three standard samples from each 304 stainless have 
been prepared from base material plates according to the 
ASTM E8-04 for the tensile test using UTM machine.  

Table V represents the ultimate tensile strength results 
and the average of the results to obtain the ultimate 
strength.  

The test sample preparation causes differences 
between the practical and the standard results. 

IV.2. Experimental Works 

This study includes fifteen experiments with different 
parameters offered by Design of Experiment (DOE) and 
the Surface Response in Minitab statistical program.  

In this research work, three different input parameters 
are welding current, sheet thickness, and one-time 
duration and three output parameters are microhardness 
(MHV) for center of Fusion Zone (FZ), Nugget Diameter 
(ND), and Ultimate Tensile Strength (UTS). Depending 
on Minitab works sheet, the experiments done for the 
outputs UTS, ND, and MHV and the resulting data are 
arranged in works sheet as shown in Table VI. 

IV.3. ANOVA Experiments Test 

IV.3.1.    Effects Spot Welding Input Parameters on UTS 

The interaction plot for welding current and the sheet 
thickness (T) shows a stable decreasing of tensile 
strength with the increasing of pulsing current as shown 
in Fig. 2.  

This means that UTS increases with the increasing of 
thickness. 

 
TABLE V 

ULTIMATE TENSILE STRENGTH OF AISI304 
Material Sample 1 Sample2 Sample 3 Average 
AISI304 490.864 495.8 500.078 495.58 

TABLE VI 
L15 CONTROL PARAMETERS WITH LEVEL VALUES AND THE 

RESPONSES 
Std. 

Order 
Input Parameters Responses 

I (kVA) T (mm) D (s) ND (mm) Fmax (N) MHV  
2 6 0.5 1 4.10 2339.90 178.4 

10 4 1.5 0.6 1.90 3831.31 188.7 
15 4 1 1 2.80 2974.50 571.9 
5 2 1 0.6 1.95 2519.81 162.6 
4 6 1.5 1 2.70 3986.91 195.7 

14 4 1 1 2.75 2763.41 571.9 
1 2 0.5 1 2.45 2420.61 151.12 

13 4 1 1 2.40 2615.51 571.9 
8 6 1 1.4 3.95 2948.31 185 

12 4 1.5 1.4 3.40 5944.81 200.4 
6 6 1 0.6 3.70 1889.51 160 
9 4 0.5 0.6 2.65 2062.62 195.8 

11 4 0.5 1.4 4.30 1125.60 182.7 
7 2 1 1.4 3.00 2517.51 194.9 
3 2 1.5 1 1.95 3548.91 151.5 

 

 
 

Fig. 2. Interaction plot of UTS versus I 
 
On the other hand, the welding duration (D) in the 

interaction plot for D and T shows that the UTS drops 
steeply with increasing of welding duration, that means 
the longer current time has been more efficient because 
high heat input enters the weld zone as shown in Fig. 3.  

Fig. 4 shows the main effects for tensile strength 
versus process parameters. The results show that the 
strength of the welded joints is affected significantly with 
sheet thickness (T). 

 

 
 

Fig. 3. Interaction plot of UTS versus welding time (D) 
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Fig. 4. Tensile strength versus process parameters 

IV.3.2.    Effect Spot Welding Input Parameters on ND 

Fig. 5 shows the stable increasing of Nugget Diameter 
(ND) with the increasing of welding time for all the sheet 
thicknesses. The ND increases with the increasing of 
welding current as shown in Fig. 6. That means that the 
high on-time duration (D) in the main effects plot for ND 
shows higher ND than low D in the main effects plot for 
ND. It is known that the decreasing in D leads to 
decreasing in heat input and hence the resulted size of the 
nugget becomes small. 

IV.3.3.    Effect Spot Welding Input Parameters on MHV 

Fig. 7 shows the main effects of process parameters. It 
can be noticed that the highest hardness has been 
achieved at current value of 4 kVA. From other sides, the 
MHV has increased slightly with increasing both the 
thickness of the plate and the on-time duration. 

 

 
 

Fig. 5. Interaction plot of D versus welding duration 
 

 
 

Fig. 6. Nugget diameter versus process parameters 

 
 

Fig. 7. MHV versus process parameters 
 

The MHV has increased with the increases of sheet 
thickness as shown in Fig. 8. In the same way, the MHV 
has increased with the increases of welding time as 
shown in Fig. 9. 

IV.4. Microstructures Examination Results 

Figs. 10 illustrate the different metallurgical zones of 
the high tensile strength specimen. These zones have 
been equated region represented by the fine grains its lay 
in the centre of weld nugget as shown in Fig. 10(a). The 
adjacent zone is the longitudinal grain region, which has 
grown basically from the base metal toward the fusion 
zone as shown in Fig. 10(b), and the third zone 
represents the Heat Affected Zone (HAZ), which 
displays grain growth more than the base metal as shown 
in Fig. 10(c). 

 

 
 

Fig. 8. Relation between MHV and thickness 
 

 
 

Fig. 9. Relation between MHV and welding time 
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Figs. 10. Microphotographs of the different metallurgical zones 

V. Conclusion 

The spot-welded joints usually during the services 
expose to mechanical stresses as shear and tensile loads 
lead to the rupture of the welded joint. The effect of 
welding process parameters on the ultimate tensile 
strength and micro hardness of the AISI 304 stainless 
steel resistance spot welded joints are investigated in this 
study as the welding power (current), the sheet thickness, 
and the welding time with three levels, where the 
resistance spot welding quality mainly depends on the 
welding parameters. The significant process parameters 
and their levels for optimal ultimate tensile strength and 
micro hardness reported and nugget diameter have been 
determined by using SRM. SRM based L15 orthogonal 
array is selected for experimentation the austenitic 
stainless-steel grade AISI304. The results have showed 
that the tensile strength decreases with increasing the 
welding current or welding time or both. Furthermore, 
the nugget diameter increases with increasing the 
welding time, whereas the MHV increases slightly with 
increasing of both the thickness and on-time duration.  

From the finding of this work, it can be recommended 
to use dissimilar stainless steel materials or investigate 
the austenitic stainless-steel grade AISI304H and 
AISI304L for further impovements. 
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