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Abstract 

The purpose of this work was to assess the review on development of solid state joints of 

dissimilar materials such as Aluminium 2024 alloy and AISI 304 stainless steel sheets used in 

automotive components, the joints were obtained by resistance spot welding (RSW) and friction 

stir welding (FSW), which combines the heat generated from electric current and friction 

between two surfaces and plastic deformation. Tests were conducted with different welding 

process parameters. The results were compared and analyzed by means of tensile tests, Vickers 

micro hardness, and metallographic tests. The strength of the joints varied with increasing 

electric current, friction time and the use of different pressure values. Joints were obtained with 

superior mechanical properties of the Al 2024 aluminum alloy with AISI 304 Sheets, with 

fracture occurring in the bonding interface. The FSW proves to be a good method for obtaining 

joints between dissimilar thicker materials, but economical point of view RSW gives satisfactory 

results for both thick and thin materials, which is not possible by other fusion welding processes. 

 
Keywords:  Resistance spot welding (RSW), Friction stir welding (FSW), Aluminum2024 alloy, 
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1. Introduction 

In the modern industry, there is a constant drive to make everything lighter, stronger and more 

durable. The studied material combination combines the strength, high ductility and toughness, 

and adaptability of steel with the advantages of technical ceramics, such as high hardness, wear 

resistance, chemical inertness, corrosion resistance, low thermal expansion coefficient and 

resistance to high temperatures. This ensemble of properties is especially useful in areas like the 

automotive, aerospace, electronics, and nuclear industries. 

 

There has recently been a series of new developments relating to friction and resistance welding 

processes. Latest developments of friction welding machine technology have led to the use of the 

lateral relative movement of the parts to be welded so that the technique can be utilized for 
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joining large sections which are not rotationally symmetrical. One special variant of friction 

welding is friction stir welding (FSW), which at the moment is used exclusively for aluminium 

and its alloys. The main problem slowing its application to other materials (e.g. steel) is the low 

stability of rotating tools [1]. The advantage of friction and resistance welding processes is that 

the welding is carried out below the melting temperature and thus the welding leads to only a 

slight metallurgical change in the base materials to be joined. The great forces needing to be 

inputted into the work pieces are disadvantageous and necessitate very sturdy clamping jigs. 

Friction stir welding is currently utilized in rail vehicle construction, the aerospace industry, and 

for the leak-tight welding of covers into hydraulic control parts. Resistance welding will continue 

to advance rapidly (with pressure from the automobile industry to weld higher strength steels and 

Al alloys) with improvement in inverter power supplies, improved process regulation or control, 

and improved quality assurance. Improvements in machine control and computer technology 

have made different process variants (flash butt welding, stud welding, etc.) more reliable [2, 3]. 

 

2. Frictions stir welding (FSW) 

 

Friction stir welding (FSW) is a solid state joining technique invented in 1991. The basic concept 

of FSW is simple. A rotating tool with a specially designed probe (pin) and shoulder is inserted 

into the abutting edges of the sheets or plates to be joined and traversed along the joint line, as 

schematically shown in Fig. 1. The material is softened by frictional heating, and the forging 

pressure from the shoulder reconsolidates the material behind the tool. Friction stir processing 

(FSP) is a variant of FSW that involves traversing of the friction stir tool through the material in 

the absence of a joint interface. 

 

 
 

Fig1.Principle of FSW process 

 

Friction stir welding is considered to be the most significant development in metal joining in the 

past decades. It is an emergent green technology due to its energy efficiency (low heat input), 

sustainable utilization of natural resources (less material waste, reduced material lead time, part 

count reduction, high weld quality and performance, longer life cycle), reduced environmental 
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impact (no shielding gases required, no fumes/spattering/ ozone produced, part cleaning 

requirements reduced, filler material addition not necessary) and process versatility (adaptable 

welding orientations and different thicknesses, microstructures, and compositions).As a solid 

state joining process, FSW is performed below the melting temperature of the material, which 

thus minimizes/ avoids some typical defects encountered in fusion welding such as cracking, 

porosity and alloying element loss. Nowadays FSW has become a practical joining technique for 

Al and other low strength alloys. However, for high strength alloys such as Ti, Ni and steel, cost 

effective welding and long tool life remain as subjects for research development and processing 

technology optimization. 

 

In order to produce a friction weld, the two components are forced to rotate against each other 

(friction phase), thereby generating heat at the interface. Once the desired upset length or process 

time has been reached, the rubbing motion stops (braking phase), the pressure rises (swelling 

time) and the components are pressed against each other (forging phase) until they are cooled 

down. The main variables in friction welding are the rotational speed, the axial forces during the 

friction and forging phases, and the welding time. The typical relationship of these 

characteristics is shown in Fig. 2 which illustrates a direct drive friction welding process. 

 

 
 

Fig2.Variation of the welding parameters with time in direct drive friction welding 

 

2.1. Difficulties of FSW of aluminium to steel 

 

Joining of aluminium to steel is not easy for the following reasons: 
 

 Much higher melting points of steels compared to aluminium alloys. 

 Difference between the thermal expansion coefficients of steel and aluminium. 

 The very tenacious superficial oxide film on aluminium alloy, which interferes with the 

achievement of a metal-to-metal contact at the interface.  

 The formation of brittle intermetallic compounds (IMC). 
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The most serious of these problems is the formation of brittle intermetallic compounds (IMC) 

resulting from the reaction of Al with Fe. In particular, fusion welding involves the formation of 

large amounts of intermetallic compounds in the weld metal because the steel and the aluminium 

alloy are mixed in the liquid state. This material combination is therefore considered to be 

unsuitable for fusion welding. Friction welding is a process most widely used for joining of 

dissimilar metals, and for aluminium to steel in particular, because of its high productivity and 

reliability of the joint performance in addition to the controllability of the formation of the IMC 

layer. The following paragraph discusses the formation of IMC layers in more detail. 

 

2.2. Latest literature review on FSW 

 

Chen and Lin et al examined the impact toughness of FSW welds between AA6061 aluminium 

alloy and SS400 low carbon structural steel. The need to optimize tool rotation speed, traverse 

speed, the extent of tool tilting and the tool pin diameter was clear. The high hardness in the weld 

region, exceeding that in the base materials, was attributed to work hardening. The failures in the 

optimized best welds occurred due to tough shear fracture whereas the other welds failed by a 

brittle cleavage fracture. 

 

Miles et al demonstrated a new approach to FSW of dissimilar alloys where a consumable bit 

was used to create a spot weld. The process has been demonstrated34 for very soft and very hard 

alloys, like dual-phase (DP) 590 and DP 980 steels, and light alloys such as AA 5754. Like the 

conventional FSW process, the weld properties depend on the welding variables selected. The 

important variables include the design of the joining bit, its hardness, the nature of the alloys and 

the speeds and feed rates used. For the best welding conditions, the lap shear strength of the 

welds was better than that of self piercing rivets and the FSW was capable of joining soft and 

very hard material combinations. 

 

V.X. Tran, J. Pan et al studied the performance of dissimilar metal FSW joints depends upon the 

loading conditions. The effects of loading conditions on the failure modes of dissimilar 

aluminium alloy FSW spot welds .The results showed that the failure occurred at a much lower 

load during tensile loading than during shear loading. Important experimental data on load 

carrying capacities and fatigue lives of these dissimilar aluminium alloy FSW welds are also 

presented in this work. 
 

3. Resistance spot welding (RSW) 

 

In resistance spot welding overlapping sheets of metal are joined by applying electric current and 

pressure in the zone to weld with copper electrodes, as illustrated in Figure3. Copper is used for 

electrodes because it has low electrical resistance and high thermal conductivity. Spot welding 

operation is composed of three steps that are the squeezing, welding and holding stages. 

Squeezing consists of applying the weld force to the work-pieces in order to obtain the 

appropriate amount of pressure, prior to welding. During welding, the electric current passes 

through the work-pieces, while the welding force is maintained, generating heat. In the course of 
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the holding stage current is switched off and weld force maintained, allowing the weld to forge 

and cool under pressure. Although some other joining techniques are more and more being used, 

spot welding still remains the primary joining method in automobile manufacturing so far.  

 

 
Fig.3 The principle of Resistance Spot Welding 

Spot welding is chief welding process in automobile industry and consumer goods. Spot welds 

made by resistance welding are the primary method of joining in automobile industry. Chao 

(2003) mentioned that modern vehicle contains 2000 to 5000 spot welds; quality of resistance 

spot welds is one of the major concerns. Current design trends in automotive manufacture have 

shifted emphasis to alternative lightweight materials in order to achieve higher fuel efficiency 

and to bring down vehicle emission. 

 

 
Fig.4 The procedure of Resistance Spot Welding 
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The increase of the welding force reduces contact resistance because, in first analysis, it 

promotes the increase of contact area, due to deformation of surface asperities and eventually the 

rupture of surface oxide films. Electrode clamping forces must be high, particularly when 

welding low resistivity metals in order to reduce the proportion of heat generated in the interface 

electrode/work piece. Electrode force must be increased with increasing current, unless part of 

the melted material of the nugget can be expelled. Other factors such as bad fit and lack of 

mechanical support contributes for the material expulsion. Excessively high forces are also 

undesirable because they can cause large surface indentation of the work-pieces and damage of 

the electrodes. Electrode clamping force increases with increasing thickness and strength of the 

work-pieces. 
 

The literature on the RSW of dissimilar alloys including many recent papers provides a 

comprehensive picture of both the current status of the field and the opportunities and challenges 

for the future. Although resistance spot welding has found many commercial applications in a 

relatively short time, most of the reported applications have been for the welding of both similar 

and dissimilar aluminium alloys. Perhaps the most important need for the RSW of dissimilar 

alloys is for the joining of aluminium alloys with stainless steels.  

 

 

3.1. Latest literature review on RSW  
 

 Next Generation Vehicle (NGV) Project was demonstrated that stainless steel can be used to 

reduce weight and costs, and to improve safety and sustainability in structural automotive 

systems. After performing some regular crash tests the cost efficiency was estimated by the NGV 

cost model. The NGV Project deliverables and data base establish a sound basis for the use of 

stainless steels in automotive series production (Schuberth et al., 2008).  

 
 

Jawad Saleem et al developed a 2D axis symmetric FEM model for RSW process was made in 

order to analyze the electric, thermal and mechanical phenomenon involved in the process. Three 

different cases were analyzed with varying the tip contact area and it was observed that, with the 

variation of tip contact area the nugget formation at the faying surface is affected. The results are 

compared with the published result, which shows that when the tip contact area has reduced with 

the same welding parameters in the control system, the welding nugget forms so quickly that 

sputtering may occur. In order to get the same temperature rise the welding current has to be 

reduced. When tip contact area is increased, which may occur during the welding process after 

having long welding cycles, no nugget will be formed if same welding parameters are maintain 

in the control system. In order to get the same temperature rise the welding current has to be 

increased. 
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Fig5. Thermal profile at faying surface 

New analytical model for prediction of critical weld fusion zone (FZ) size for AISI 304 spot 

welds is proposed by Majid Pouranvari. Apart from the plate thickness, minimum FZ size 

required to ensure pullout failure mode during the tensile-shear test, depends on hardness of the 

fusion zone, HFZ, and hardness of failure location, HFL. According to this model, low fusion 

zone hardness to failure location hardness ratio increases the tendency of spot weld failure to 

occur in the interfacial failure mode during the tensile-shear test. Metallurgical characteristics of 

welds should be considered to predict and analyze the spot weld failure mode more precisely. 

 

Fig6. Load direction and failure mechanism for lap-shear sample 

 

Fig7. Load direction and failure mechanism for cross-tension sample 
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The most common application of spot welding is in the automobile car manufacturing industry, 

where it is used to weld the sheet metal to form a car body and other parts. It is frequently used 

in place of riveting. Another application is in Dental Prosthesis (Orthodontics), where small scale 

spot welding equipment is used. 
 

 
 

Fig8. Dental Prosthesis (Orthodontics) 

 

Future work should focus on the application of these modeling and optimization techniques to 

find out the optimal welding combinations for a certain welding process at which the process 

could be considered safe, environment friendly and economical. 
 

CONCLUSIONS 

Based on the literature survey performed, venture into this work was amply motivated by the fact 

that a little research has been conducted to obtain welding of dissimilar alloys in various 

methods. Majority of the works are concentrating on friction stir welding is the recently adopted 

method for this purpose. But FSW does not suitable for medical applications also for thin sheets. 

More over no study has been performed in welding of dissimilar alloys with thin sheets. Due to 

the development of rapid prototyping, researchers are to move the design electrode diameter with 

micro level and then it is possible to weld thin different alloy sheets with RSW method. 
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