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ABSTRACT 

The resistance spot welding process is a promising method for welding thin sheets of similar and dissimilar 

materials, principally stainless steel. Resistance spot welding is ensured using the combined effect of 

mechanical pressure and electric current through the thin sheets. In this experimental study, 304L stainless 

steel sheets were welded by resistance spot welding at various welding parameters. The welding 

parameters were welding effort, welding time, and welding current. Welding current varied from 10kA to 

16kA, welding time varied from 10 to 13 cycles, and welding effort was fixed to 8 bars. The results showed 

that welding time had little effect on the mechanical properties compared to the welding current. The 

experimental results also showed that welding current is an important parameter for joining sheets and 

their mechanical strength. The external aspects of the spots were examined to determine the influence of 

welding parameters on the welded joints. 
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I. INTRODUCTION  

The Resistance Spot Welding (RSW) process is widely 
used in the manufacturing industry for joining metal sheets. 
Spot welding is the predominant joining process in several 
industries, especially in assembling automobile components. 
However, other products such as aerospace, furniture, and 
domestic equipment are joined using RSW [1]. RSW is one of 
the primary methods to join sheet metals on automotive 
components [2]. Stainless steel sheets are increasingly used in 
several applications due to their high corrosion resistance and 
good weldability [3]. The RSW process can be described by 
many parameters, such as time, current, and welding effort. 
Welding current is the most effective and common parameter 
to influence the welding result of a given material 
configuration. Welding time is important when calculating heat 
generation and resulting welds formation. Additionally, the 

force magnitude is another variable that affects the outcome of 
the weld. 

Many RSW studies showed that the formation of nuggets in 
any welded material depends on the optimized combination of 
parameters [4-7]. Weld quality is affected by several welding 
parameters: current intensity, welding time, force applied by 
the electrodes, contact resistance, and electrode size [8]. In [7], 
the effect of current and weld time with constant force on 
nugget growth was investigated in 304 austenitic stainless steel 
RSW. In [9], an attempt was made to optimize the welding 
parameters, namely welding current and time, in the RSW of 
AISI 316L austenitic stainless steel sheets. The static tensile 
shear test is the most common laboratory test used in the 
determination of weld strength due to its simplicity [10]. In 
[11-12], the most important factor affecting the tensile shear 
load-bearing capacity was the size of the weld nugget, as it 
depended mostly on the weldin 
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g current. The effect of welding current at constant welding 
time is considered in the evaluation of nugget size and tensile-
shear load-bearing capacity of jointed materials. The influence 
of the RSW process parameters on 316 stainless steel was 
studied in [13]. The effects of welding parameters on the 
tensile shear strength of the joints were investigated in [14]. 
The effect of 3-9kA welding current on the structure and 
mechanical properties of welded joints was investigated in [5] 
for stainless and low-carbon steel. An increase in the tensile 
strength of the weld coupon was noticed when the welding 
current increased. Otherwise, the variation in welding current 
had no significant effect on the hardness value, as it mainly 
affected the size of the fusion zone and the heat-affected zone. 
In [15], the resistance of 304 stainless steel plates assembled by 
RSW was studied, along with the formation of nuggets under 
the effect of welding parameters in a DP600 dual-phase steel. 
In [16], the relations between nugget diameter and welding 
current and hardness along the welding zone of austenitic 
stainless steel 304 were studied. The results showed that the 
weld nugget increased with increasing welding current. In [17], 
assembled AISI-1008 steel sheets were welded by RSW, 
showing that the welding current was the most effective 
parameter controlling the weld tensile strength and the nugget 
diameter. In [18], weld current was the major governing factor 
affecting the tensile shear strength of resistance spot welded 
specimens in dissimilar joints formed by stainless steel 304 and 
galvanized steel, as it presented a high percentage compared to 
welding time and force. In [19-20], it was shown that using a 
high welding current, the material can exhibit high mechanical 
properties, and the tensile shear load-bearing capacity increased 
as the welding current increased. 

This paper presents an experimental study to determine the 
effect of RSW parameters on tensile-shear strength of 
homogeneous lap joints in Stainless steel 304L with a thickness 
of 2mm and the geometric aspect of the welded points under 
the variation of welding current and time. 

II. EXPERIMENTAL PROCEDURE  

This study used 304L stainless steel sheets with a thickness 
of 2.0mm. Tables I and II show its chemical composition and 
mechanical properties, respectively.  

TABLE I.  CHEMICAL COMPOSITION OF 304L 

C Si Mn P S Cr Ni 

< 0.03 < 1.00 < 2.00 < 0.045 < 0.015 17.5-19.5 8-10 

TABLE II.  MECHANICAL CHARACTERISTICS OF 304L  

 
E 

(GPa) 
e 

(MPa) 

UTS 

(MPa) 
A% HRB 

Provider data 200 310 520-670 45 80 max 
Tested specimens 190 336 655 43.2 60 

 
Figure 1 shows the stress-strain curve of 304L stainless 

steel, and Figure 2 shows the shape of the specimens, which 
were prepared with a size of 115×20×2mm. The overlap 
dimension A was equal to 20mm. The spot welding machine 
ARO FIX TYPE MC was used to join the overlapped samples. 
The settings of the RSW parameters directly depend on the 
application and are usually determined by testing. The welding 

parameters used in this study were the recommended for 304L 
stainless steel; welding current varied from 10 to 16kA, 
welding time varied from 11 to 13 cycles, and the applied 
electrode force was equal to 8 bars with a diameter equal to 
6mm. 

 

 
 

Fig. 1.  Stress-Strain curve of 304L stainlees steel. 

 
Fig. 2.  Welding specimen by RSW. 

III. RESULTS AND DISCUSSION  

Based on tensile shear tests, this study evaluated the 
maximum tensile shear force value for the joint that allows a 
fracture to occur [21]. Moreover, the diameter’s dimension and 
the depth of spot welded points were determined under varying 
welding parameters. Figure 3 shows the load versus 
displacement curves obtained from the tensile-shear test 
performed on specimens with acceptable RSW joints under 
varying welding currents and time. Figure 3 shows the 
variation of the load versus the displacement until the fracture 
of the welded assembly by RSW for 8 bar welding force at 
t=11 cycles. The increase in current intensity increased the area 
of plastic deformation. This figure highlights several points by 
type. Points A present little distorted points. At points B, 
rotation occurred to align the sheets in the direction of loading 
and necking starts. Points C show the maximum breaking 
loads. Points D show the maximum effort achieved when the 
fracture propagated across the thickness in the neck region of 
one of the sheets, the propagation of the fracture in the base 
metal, and the tear around the point of the specimen to the final 
fracture. 

Figure 4 shows the effect of welding current and welding 
time on the maximum breaking load (points C) for 8 bar 
welding force. Welding current varied from 11 to 16kA, and 
the time ranged from 11 to 13 cycles. The appearance shows an 
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increase in maximum tensile shear load bearing when 
increasing the welding current. Statistical tests are necessary on 
the fracture surfaces to better understand some interactions of 
welding parameters and random phenomena. In addition, the 
medium effect of welding time was noticed and the differences 
in the maximum tensile shear load-bearing for all welding 
currents varied from 0.18 to 2kN. 

 

 
Fig. 3.  Effect of welding current on the mechanical behavior of the 
welded assembly by RSW at 8 bar welding force and 10 cycles welding time. 

 
Fig. 4.  Effect of welding current and welding time on maximum tensile 
shear load bearing for welding force F=8 bar. 

Figure 5 shows the effect of the welding current on the 
external diameter of the RSW point. An increase in weld 
current increases the external diameter of RSW for all welding 
times. For all welding currents and times, the maximum 
difference of the external diameter was 0.4mm, observed at 
welding current I=11kA, while the minimum was observed at 
I=16kA. This result shows that the effect of welding time is 
very small.  

Figure 6 shows the effect of welding current and welding 
time. A minimum depth, equal to 0.6mm, was produced at 
I=10kN and t=12 cycles, and the maximum depth of 1.12mm 
was produced at 13 cycles. This graph shows a random effect. 
Statistical analysis is required to investigate the effect of 
welding parameters on the geometric parameters of RSW. 

Figure 7 shows the fracture of welded 304L steel sheets plate 
by RSW under tension/shear loads. The fracture was initiated 
in the heated affected zone and propagated in the base metal. 
This propagation was made according to the mode I of fracture. 

 

 
Fig. 5.  Effect of welding current and welding time on the external 
diameter of RSW for welding force F=8 bar. 

 
Fig. 6.  Effect of welding current on maximum tensile shear load bearing 
for welding force F=8 bar. 

   
(a) (b) (c) 

Fig. 7.  Effect of welding parameters on the fracture modes in RSW for 
applied load F= 8 bar: (a) I=10kA, t=10 cycles, (b) I=10kA, t=11 cycles, and 
(c) I=10kA, t=13 cycles. 

IV. CONCLUSION  

An RSW process was applied on 304L stainless steel to 
experimentally investigate the external parameters of the RSW 
joints and the maximum tensile shear load bearing of the joints. 
Furthermore, the influence of welding parameters, including 
welding current and welding time at fixed welding force, on the 
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maximum tensile shear load bearing of the joints was studied 
using a factorial test. The conclusions deduced from this study 
are summarized as follows: 

 The diameters of the RSW joints increased with increasing 
welding current and time. 

 Welding time has a medium effect on the external diameter 
and the depth of RSW. 

 An increase in welding current allows the increasing the 
depth of RSW. 

 Tensile/shear tests show that the welding current is the 
dominant parameter in the evolution of the 
load/displacement curves. 

 Increasing welding intensity increases the plastic 
deformation zone and the maximum tensile shear load 
bearing of joints. 
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