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Abstract: Resistance spot welding (RSW) is an important welding technology for joining two or more metals in various manufacturing 
industries. For instance, in today’s car manufacturing industries, a car may contain in average about 3000 – 4000 spot weld joints. The 
growth of a spot weld is determined by its main parameters, i.e. current, weld time and force. However, factors such as electrode 
deformation, dissimilar materials and materials with different thicknesses also affect weld growth. This paper looks into the effects of 
nuggets growth on dissimilar materials i.e., mild steel, 302 austenitic stainless steel and both materials joined together. Mechanical 
tensile test and hardness test have been carried out to characterize the formation of weld nugget growth in terms of strength and 
hardness for different welding schedules. The force of electrode was kept constant and the current and welding time were varied. The 
results of the experiments show that the spot weld strength is affected by the welding parameters but the hardness of the weld is not 
influenced by the increase of the welding parameters. Results also show that the hardness of the welded area is greater than the hardness 
of the un-welded area. Stainless steel welds were found to be lower in hardness compared to the mild steel welds and mixed welds but 
higher in strength compared to the other two welds. This shows that the stainless steel welds are more ductile than mild steels welds and 
mixed welds and require a higher tensile force to fracture.  
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1. Introduction  

Spot welding process is a joining process that joins 
two or more metal sheets together through fusion at a 
certain point [1]. It is a simple process that uses two 
copper electrodes to press the work sheets together and 
forces a high current to pass through it. The growth of 
weld nugget is determined by its controlling 
parameters (i.e., the current, force, and weld time) [2]. 
The other factors that influence the weld growth are 
electrode deformation, material properties, corrosion 
and gaps between work sheets [3]. Automotive 
industry is one of the main industries that use spot 
welds to weld its metal structures. To date, a car’s body 
may contain an average of 3000-4000 spot weld joints 
which do not alter the weight of materials very much as 
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compared to traditional arc welding. The other 
industries such as marine, bridge and road, high rise 
buildings and aircraft engineering are also primarily 
anticipating the spot welding process for its body 
assemblies. So far many studies have been done on 
spot welding for various materials such as low carbon 
steel, nickel, aluminum, titanium, copper alloy, 
stainless steel, austenitic stainless steel, galvanized low 
carbon steel, zinc coated steel, magnesium alloy and 
high-strength low alloy steel. This paper concentrates on 
the mechanical study of the mild steel and 302 austenitic 
stainless steel and investigates the ability of producing 
sound welds using these metals. Welds were tested using 
tensile-shear [4, 5] test and hardness test [6, 7]. 

2. Experiment 

The formation of weld is mainly influenced by 
controlling the parameters of spot welding, as stated 
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before. In this experiment, the force is kept constant at 
3 kN and the other two important parameters (current 
and weld time) were varied. The test was conducted 
with a 1mm thickness of two different materials (mild 
steel and stainless steel). Table 1 shows the chemical 
composition of the materials. 

The test was primarily conducted to study the 
difference in weld strength and hardness between these 
metals. We have varied the parameters as in Table 2 
below to analyze the weld strength as well as hardness. 
The sample size was maintained the same (200 mm × 
25 mm) with thickness of 1 mm as shown in Fig. 1. 

The samples are all welded  using  75 kVA  spot 
 
Table 1  Chemical composition of mild steel and 
302-austenitic stainless steel. 

Mild steel 
Element Maximum (wt%) 
C 0.23 
Mn 0.90 
P 0.04 
S 0.05 

302 austenitic stainless steel 
Element Maximum (wt%) 
C 0.15 
Cr 17-19 
Ni 8-10 
Mn 2.00 
Si 1.0 
S 0.03 
P 0.04 

 

 
Fig. 1  Test sample. 

welding machine. The current was set at 6 kA, 7 kA 
and 8 kA. The time cycle was set at 10 cycle, 15 cycle 
and 20 cycle where 1 cycle is 0.02 sec. Total of forty 
five samples were developed with 5 repetition were 
considered for each weld schedule as in Table 2. The 
tensile-shear test was carried out using a tensile testing 
machine to determine the yield strength of spot welded 
samples. The ultimate tensile strength (UTS) as shown 
in Fig. 2 was taken as the maximum weld strength after 
which the weld will fracture. An average strength value 
of the 5 samples for each schedule was taken. 

3. Results and Discussion 

3.1 Hardness of Welds for Mild Steel, Stainless Steel 
and Dissimilar Materials 

The hardness of the welded areas for the mild steel, 
stainless steel and combination of both materials were 
compared with the hardness of the un-welded areas for 
both mild steel and stainless steel. The hardness of the 
weld was measured as stated above. Fig. 3 shows the 
results. 

Results show that the un-welded hardness of 
stainless steel is greater than the un-welded hardness of 
mild steel. This is because stainless steels are hardened 
by means of cold working. The increase in hardness 
between un-welded zone and welded zone was greater 
in mild steel compared in stainless steel. The 
distrubution of average increase in hardness between 
these two zones in mild steel is about 40 HRB 
compared to the average distribution in stainless steel is 
 

Table 2  Weld schedules. 

Samples Materials Current (kA) Weld time (cycles)
1-5 MM & MS 6 10 
6-10 MM & MS 7 10 
11-15 MM & MS 8 10 
16-20 MM & MS 6 15 
21-25 MM & MS 7 15 
26-30 MM & MS 8 15 
31-35 MM & MS 6 20 
36-40 MM & MS 7 20 
41-45 MM & MS 8 20 
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Fig. 2  Tensile shear result curve.  

 

 
Weld schedule  1 2 3 4 5 6 7 8 9 
Current (kA) 6 7 8 6 7 8 6 7 8 
Weld time (Cycle) 10 15 20 
Force (Bar) 2 

Fig. 3  Hardness of welded area vs un-welded area. 
 

which is about 10 HRB. This shows that the 
microstructural changes in the weld zone in mild steel 
is more prominent compared to in stainless steel. The 
hardness of the mixed weld which is, an average value 
of the hardness of the weld in the mild steel side and 
stainless stel side, shows a distribution closer to the 
distribution of the hardness of mild steel welds and 
greater than the distribution of hardness in stainless 
steel. The results also show the increase in current or 
weld time does not influence the increase in hardness 
distribution since not significant increase in hardness 
of weld was seen due to the increase of these two 
parameters. Similar result was also reported by 
Shamsul [1] in his work. 

3.2 Strength of Welds for Mild Steel, Stainless Steel and 
Dissimilar Materials 

The strength of the welds for the mild steel, stainless  
steel and the mixed welds were carried out using a 
tensile testing machine is stated above. Fig. 4 shows the 
results. Results show that when welding current and 
weld time increases, strength increases as reported by 
other authors [3, 4, 8]. This is because increase in 
current and weld time cause the weld diameter to 
increase therefore weld strength increases. The amount 
of heat generated at the welding zone increase with 
increase in current and weld time [9]. The weld zone 
expands radially and once cooled forms a weld nugget. 
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Weld schedule 1 2 3  5 6 7  9 10 11 
Current (kA) 6 7 8  6 7 8  6 7 8 
Weld time (Cycle) 10  15  20 
Force (Bar) 2 

Fig. 4  Weld strengths in mild steel, stainless steel and dissimilar steels. 
 

Stainless steel seems to have higher weld strengths 
compared to mild steel welds and the mixed welds for 
any given weld schedule. This shows even though the 
hardness of stainless steel welds are lower then mild 
steel welds and mixed welds as shown in Fig. 3, they 
seem to be more ductile then mild steel although being 
cold worked [10]. As the welds are ductile, they 
require higher tensile force to fracture compared to 
the mild steel and mixed welds which are hard and 
brittle. The strengths of the mild steel and mixed 
welds are closer to each other which shows that when 
mild steel and stainless steel are spot welded together, 
the strength of the mixed weld is similar to the 
strength of a mild steel weld.  

4. Conclusions 

This paper looks into the mechanical properties of 
spot welds in mild steel, stainless steel and a mixed 
joint of mild steel and stainless steel with the same 
thickness of 1mm. The paper concludes that: 

(1) Hardness of welded zone is greater than the 
hardness of the un-welded zone; 

(2) The increase in hardness between un-welded 
zone and welded zone was greater in mild steel and 
mixed joint compared with stainless steel; 

(3) The increase in current or weld time does not 
influence the increase in hardness distribution on spot 
weld; 

(4) Stainless steel seems to have higher weld 
strengths compared to mild steel welds and the mixed 
welds due to the weld being more ductile compared to 
mild steel weld and mixed weld; 

(5) Strength of a mixed weld (mild steel and 
stainless steels) is similar to the strength of a pure mild 
steel weld. 

Acknowledgments 

The authors would like to thank Ministry of Science, 
Technology and Innovation of Malaysia (MOSTI) for 
its financial support throughout the experimentations.  

References 
[1] J.B. Shamsul, M.M. Hisyam, Study of spot welding of 

austenitic stainless steel type 304, Journal of Applied 
Sciences Research 3 (11) (2007) 1494-1499. 

[2] O. Dursun, An effect of weld current and weld atmosphere 
on the resistance spot weld ability of 304L austenitic 
stainless steel, Materials and Design 29 (2008) 597-603. 

[3] R.F. Qiu, S. Satonaka, C. Iwamoto, Effect of interfacial 
reaction layer continuity on the tensile strength of spot 
welded joints between aluminum alloy and steels, 
Materials and Design 30 (2009) 3686-3689. 



A Mechanical Study of Spot Weld Growth in Mild Steel, 302 Austenitic Stainless Steel  
and Both Materials Joined 

 

247

[4] D.Q. Sun, B. Lang, D.X. Sun, J.B. Li, Microstructures and 
mechanical properties of resistance spot welded 
magnesium alloy joints, Materials Science and 
Engineering A 460-461 (2007) 494-498.  

[5] K.P. Maubeuge, H.E. Naue, Comparison of peel bond and 
shear tensile test methods for needlepunched geosynthetic 
clay liners, Geotextiles and Geomembranes 18 (2000) 
203-214. 

[6] E. Bayraktar, J. Moiron, D. Kaplan, Effect of welding 
conditions on the formability characteristics of thin sheet 
steels: mechanical and metallurgical effects, Journal of 
Materials Processing Technology 175 (2006) 20-26. 

[7] X. Kong, Q. Yang, B. Li, G. Rothwell, R. English, X.J. 
Ren, Numerical study of strengths of spot-welded joints of 

steel, Materials and Design 29 (2008) 1554-1561.  
[8] C. Maa, D.L. Chena, S.D. Bhole, G. Boudreau, A. Lee, E. 

Biro, Microstructure and fracture characteristics of 
spot-welded DP600 steel, Materials Science and 
Engineering A 485 (2008) 334-346.  

[9] P. Marashi, M. Pouranvari, S. Amirabdollahian, A. Abedi, 
M. Goodarzi, Microstructure and failure behavior of 
dissimilar resistance spot welds between low carbon 
galvanized and austenitic stainless steels, Materials 
Science and Engineering A 480 (2008) 175-180. 

[10] H. Oikawa, G. Murayama, T. Sakiyama, Y. Takahashi, T. 
Ishikawa, Resistance spot weldability of high strength 
steel (HSS) sheets for automobiles, Nippon Steel 
Technical Report, No. 95, 2007.  

 


