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Abstract 
 
The resistance spot welding is adopted to joint dissimilar alloys such as aluminum alloy 5052, and low carbon steel 
alloy 1008. In this work, the electrodes force 2100-2700 N, the welding current 7.5-10.5 KA, and welding time 10-20 
cycle have been used. The relationships between the three parameters have been studied. The maximum tensile shear 
load of the aluminum alloy 5052-low carbon steel 1008 joint has been found equal to 2860 N for weld nugget 
diameter of 9 mm. The intermetallic compound layer (IMC) with 2-8 μm thickness with tongue-like has been 
appeared adjacent to the 1008 low carbon steel side, whereas a needle-shaped IMC layer adjacent to the aluminum 
alloy 5052 side. 
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1. Introduction 
 

1 The joining of dissimilar metals is desirable for some 
designing requirements. In the 1990s, the aluminum 
panels began to be used in car body due to the 
environmental issue and weight reduction (Carle & 
Blount, 1999)(Barnes & Pashby, 2000)(Sakurai, 
2008)(Oikawa, Ohmiya, Yoshimura, & Saitoh, 1999). 
Among many aluminum alloys, the automotive 
industry is used the 5XXX and 6XXX Al-alloys. So the 
5052 alloy was chosen for its 
strain hardenable, and weldability (Davis, 2013). 
 In other side, car manufacturers preferred low 
carbon steels because the ease of panel forming from 
flat sheets. The suitable resistance welding technique 
(RSW) were very desired for mass production like car 
industry (Oikawa et al., 1999) (A. M. Al-Mukhtar, 
2015). Therefore, the low carbon steel 1008 was 
chosen (Nikolaevich, Valerievich, Igorevich, 
Alexandrovich, & Alexandrovich, 2014). As a technique 
for joining sheet metal components, RSW is much 
quicker than riveting, see Ref. (Briskham et al., 2006). 
The components being joined are not weakened since 
no holes are drilled in. Also, less skill is required, 
resulting in lower labor costs since the process is 
largely automated. Welding of aluminum alloys with 
steel alloys by resistance spot welding is a major 
challenge due to their different physical properties 
(Mathers, 2012). 
 Few researchers used RSW to join dissimilar 
materials of aluminum alloy and steel, see Refs. (Zhang, 
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Qiu, Sun, & Han, 2011),(Arghavani, Movahedi, & 
Kokabi, 2016),(Chen et al., 2016)(Oikawa et al., 1999). 
They studied the effects of time, current, and electrode 
force on the mechanical properties and 
microstructures. In the current work, similar results 
have been obtained. The layer's form of        or 
      phase with needle-like is found beside the 
aluminum alloy. In addition,        phase with lath-
like beside the steel. 
 In this study, Aluminum alloy 5052 and low carbon 
steel 1008 were welded by resistance spot welding 
machine. The effects of welding parameters on the 
strength of the steel-aluminum alloy joints and welding 
nugget diameter were investigated. The interfacial 
microstructure and microrhardness of the welded area 
were studied. 

2. Experimental Procedure 
 
The materials used in the study were 1008 low carbon 
steel with thickness of 0.76 mm and 5052 aluminum 
alloy with thickness of 0.82 mm. The chemical 
compositions of the used materials are listed in Table 
1. The dissimilar samples were machined into the size 
of (100×25) mm, see Fig. 1.  

 
 

Fig. 1 Sheets size of low carbon steel and aluminum 
alloy samples 
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The welding current 7.5 to 10.5 kA, time 10 to 20 
cycles, and electrode force from 2100 to 2700 N have 
been used. The squeeze time and hold time was hold at 
99 cycles. The used welding machine was S.I.P type 
PPV 50. The electrodes flat tip with diameter 11 mm 
was used. The samples were prepared by degreasing 
with acetone and grinding. Fig. 2 shows the sample 
dimensions and geometry. 

 
Fig. 2 Low carbon steel and aluminum alloy samples 

lap joint configuration 

Table 1 Chemical composition of low carbon steel and 
aluminum alloy sheets  

Chemical 
compositions% 

Low 
carbon 

steel 1008 

Chemical 
compositions% 

Aluminum 
alloy 5052 

C% 0.049 Si% 0.161 
Si% 0.041 Fe% 0.537 

Mn% 0.197 Cu% 0.025 
P% 0.006 Mn% 0.058 
S% 0.003 Mg% 2.31 

Cr% 0.032 Cr% 0.255 
Mo% 0.004 Ni% 0.007 
Ni% 0.026 Ti% 0.02 
Cu% 0.11 V% 0.015 
V% 0.001 Li% 0.062 
Fe% Bal. Al% Bal. 

3. Results and discussion 

3.1. Tensile force of RSW joint 

To determine the optimal parameters that give the best 

strength of the resistance spot welding; the tensile 

shear test is performed, see Refs. (A. M. Al-Mukhtar, 

2015; A. M. Q. D. Al-Mukhtar & Doos, 2013; A Al-

Mukhtar, 2016; AM Al-Mukhtar & Doos, 2013). Figures 

3-5 show the relationship between the three factors 

and tensile force. The values of tensile test results 

increase significantly by increasing the electrode force 

2100 N to 2700 N, welding current 7.5 to 10.5 KA, and 

welding time 10 to 20 cycle. About 55% of the 

specimens were failed by interfacial failure mode, and 

45% showing pullout failure mode. The failure starts 

from the heat affected zone (HAZ) on the aluminum 

alloy side, see Fig. 4. The failure mode from the HAZ 

and weld toe is very common. Therefore, fracturing life 

is considered for many joints from these regions, see 

Refs. (A. M. Al-Mukhtar, 2013; A. M. Al-Mukhtar, 

Biermann, Hübner, & Henkel, 2011; AM Al-Mukhtar, 

2013; Al Mukhtar, Biermann, Hübner, & Henkel, 2013; 

Daws, Al-Douri, & Al-Mukhtar, 2003) 

 
 

Fig. 3 The relationship between welding time and 
tensile force at electrode force 2700N 

 

Fig. 4 The relationship between welding time and 
tensile force at welding current 10.5 KA 

 

Fig. 5 The relationship between electrode force and 
tensile force at welding time 20 cycle 

 

Fig. 6 Pullout failure mode from HAZ in the aluminum 
alloy side (current 10.5KA, electrode force 2100 N, 

time 10, 15, and 20 cycle) 

3.2. Weld nugget diameter 

The weld nugget diameter is increasing with the 
increasing of welding time (10-20 cycle), current (7.5-
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10.5 KA) and electrode force (2100-2700 N), see Figs 7, 
8. 

 

Fig. 7 The relationship between weld nugget diameter 
and welding time at electrode force 2700 N 

 

Fig. 8 The relationship between weld nugget diameter 
and electrode force welding current 10.5 KA 

3.3. Microhardness results 

The failure occurs in the HAZ from the aluminum side. 
Since this side the weakest area and the lowest 
microhardness, see Fig. 9. 

 
 

Fig. 9 The microhardness profiles in base metal, fusion 
zone and HAZ 

 
3.4. Interfacial microstructure results 
 
By using the scanning electron microscopy (SEM), the 
intermetallic compound (IMC) layer formed between 
the dissimilar alloys is shown in the Fig. 10. The 
obtained results showed that by increasing the welding 
current from 7.5–10.5 KA, the thickness of the 

intermetallic compound (IMC) layer decreases from 8-
4 μm. Hence, the strength of the weld joint increases 
from 1800 – 2860 N, see Fig. 10.  

 

Fig. 10 The intermetallic compound layer (IMC) 
thickness between the dissimilar alloys 

The discontinuous intermetallic compound layer (IMC) 
turns into a continuous layer when approaching the 
center of the weld nugget, see Fig. 11. 

 
 

Fig. 11 The discontinuous intermetallic compound 
(IMC) layer 

 
Conclusions 
 
The tensile strength has been increased by increasing 
the electrode force, welding current, and the welding 
time. The optimum parameters are 2700 N, 10.5 KA, 
and 20 cycles, respectively, which gives the highest 
welding strength of 2860 N. 
 The welding nugget diameter values are increased 
also by increasing the welding parameters. The largest 
weld area was obtained for the same parameters 2700 
N, 10.5 KA, and 20 cycles, respectively, which gives 
weld nugget diameter of 7.75 mm. Therefore, weld 
nugget diameter can be proportioned to the joint 
strength in the dissimilar alloys. The microstructure 
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investigation was carried out. It shows that the 
increasing of weld current from 7.5-10.5 KA, the 
thickness of intermetalic compound layer (IMC) 
decreases from 8-4 μm. Hence, the strength of the weld 
joint increases from 1800 to 2860 N. The 
discontinuous intermetallic compound layer (IMC) 
turns into a continuous layer when approaching the 
center of the weld nugget. 
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