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Abstract: Friction spot joining technology (FSSW) takes place in the solid state, 

which makes the residual stresses after welding has lower values than in the case of 

fusion welding. For this reason, this joining technology can replace processes such as 

resistance spot welding and rivet technology in certain applications. The complex 

physical phenomena that occur during the welding process such as frictional contact, 

high-temperature gradients, and large dimensions make it necessary to know the 

process parameters in detail for their optimization. 

This work developed a finite element model containing two aluminum plates welded 

by the refill friction stir spot welding process, the simulation results include 

temperature, strain, and stress distributions. The simulation results were compared with 

the data available in the specialized literature and validated. 
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1. Introduction  

This work developed a finite element model 

containing two aluminum plates welded by the 

refill friction stir spot welding process, the 

simulation results include temperature, strain, 

and stress distributions. 

Aluminum alloy 5083-O is considered for 

automotive and marine applications due to its 

low density and yield stress comparable to 

some steels. 

Frictional refill spot welding (FSSW refill) 

is a solid state joining process that allows two 

or more sheets to be joined in an overlapping 

configuration. 

This process allows making welds without 

solidification defects. FSSW filler has been 

successfully applied to join dissimilar and 

dissimilar metals and recently, Barros and co. 

Ref. [7] reported the joining of aluminum alloy 

AA2198. Kubit et al. Ref. [1] modeled and 

validated refill friction stir spot welding of 

Alclad 7075‑T6 aluminum alloy sheets. 

Zou and co. Ref. [2] presents the 

formability and mechanical property of refill 

friction stir spot–welded joints and some 

conclusions of this work are: the increase of 

rotation speed has no apparent influence on the 

hook defect morphology of the joints (with 

increasing the plunge depth, the height of the 

hook defect increases), the higher tensile-shear 

strength is associated with increased rotation 

speed. 

Friction stir spot welding of aluminum 

alloy 6061-T6 sheets, experimental and 

simulation analysis has been performed by 

D’Urso and co. Ref. [3] using the commercial 

FEM code Deform 3D. 
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Figure 1: Stages of the RFSSW process: touchdown and 

preheating (a), plunging (b), refilling (c), and retreating 

(d)[1] 

2. Constitutive Laws 

For the viscoplastic material, the flow stress 
(𝝈̅), is commonly defined as a function of 

equivalent plastic strain-rate tensor (𝜺̇eq) and 

the temperature (T) (Ref. [12]): 

𝛔̅ = 𝐟(𝛆̇𝐞𝐪, 𝐓), 𝛆̇𝐞𝐪 < 𝟏𝟎𝟎𝟎[𝐬−𝟏]    (1) 

where 𝜺̇eq was calculated with formulae: 

𝛆̇𝐞𝐪
𝟐 =

𝟐

𝟑
𝛆̇𝐢𝐣𝛆̇𝐢𝐣                         (2) 

According to Ref. [12] a constitutive law 

for the viscoplastic materials, as a function of 

the equivalent strain-rate and flow stress can 

be written as: 

𝜇 =
𝜎̅(𝜀̇𝑒𝑞,𝑇)

2𝜀̇𝑒𝑞
                   (3) 

Sheppard and Wright (Ref. 13) introduced 

the flow stress 𝝈̅ for the large and high strain-

rate bulk deformation processes of metals as 

following: 

𝝈̅ =
𝟏

𝜶
 𝒔𝒊𝒏𝒉−𝟏 ((

𝒁

𝑨
)

𝟏
𝒏⁄

)              (4) 

where Z = 𝜺̇eqexp(
𝑸

𝑹𝑻
). 

3. Finite‑element modeling 

The numerical model developed allows a 

detailed analysis of the phenomena that occur 

during the formation of the weld and of the 

relationships that occur at the interface 

between the tool surface and the sheets. After 

the analysis with finite elements, the obtained 

results must be in accordance with the 

experimental ones in order to be validated. 

The validation of the analysis with finite 

elements can also come by comparing the 

results obtained with those found in the 

specialized literature. 

Numerical analysis of the RFSSW process 

has been performed using Simufact Forming 

software (Simufact Engineering Gmbh, 

Hamburg, Germany). The coupled thermo-

mechanical analysis has been performed to 

obtain the distribution of temperature, the 

deformations and the stresses of the material 

during the welding process. 
 

Table 1: Chemical composition of AA5083-O 
Al Mg Si Fe Cu Cr Zn Ti Mn 

92.4 
95.6 

4.0 
4.9 

0.0 
0.4 

0.0 
0.4 

0.0 
0.1 

0.05 
0.25 

0.0 
0.25 

0.0 
0.1 

0.4 
1.0 

 

 
Figure 1: Dimensions (in mm) of the welding 

specimens 

 

  

  

 
Figure 2: AA 5083-O thermal and mechanical properties 
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Figure 3: Finite-element model 

 

The boundary conditions were adopted to 

take into account the influence of external 

factors on the model, avoiding possible 

unrealistic demands that may appear in the 

areas of interest. 

The following welding parameters have 

been used in experiments: clamping force 

15kN, tool rotational speed 2000rpm, and tool 

plunge depth 1.4mm. The welding cycle 

consists of plunge time (1 s) and tool retracts 

time (1 s). 

The welding tool used consists of three 

independent elements (Fig. 3): 20mm diameter 

clamping ring, 10mm diameter of sleeve and 

5.5mm diameter of pin. 

4. Results and Discussions 

4.1. Temperature field distribution 

In Fig. 4 and 5 show the thermal fields 

during the welding process in two moments of 

time, the first is at 1s, at the end of the advance 

of the sleeve and the second at the end of the 

welding moment. 

 
Figure 4: Thermal field at 1s 

 

 
Figure 5: Thermal field at the end of the welding 

process 

 

The maximum temperature time variations 

of in the upper and lower plates are shown in 

Fig. 6. The maximum temperature reached 

during the welding process in the upper plate 

is 420C and in the lower plate 225C. 

 

 
Figure 6: Thermal history plot of the upper and lower 

plates 

 

4.2. Von Mises stresses and plastic strain 

The effective stresses that appear during the 

welding process are directly proportional to 

the degree of deformation of the parts and 

inversely proportional to the temperature 

reached in them. In Figs. 7 and 8 the effective 

stresses in the welded joint can be observed in 

two moments of time, during and at the end of 

the welding process. The effective stress of a 

welded joint depends on its temperature. It can 

be seen that the maximum stress occurs in the 

most deformed area, the maximum reaching 

323N/mm2. The residual stresses in the plates 

are 279N/mm2. 

 



 

 

TEHNOMUS - New Technologies and Products in Machine Manufacturing Technologies 

 

41 
 

 
Figure 7: Effective stresses distribution in plates at 1s 

 

 
Figure 8: Residual stresses distribution in plates 

 

In Figs. 9 and 10 the plastic strain in the 

welded joint can be observed in two moments 

of time, during and at the end of the welding 

process. 

The historical graph of the plastic 

deformation of the upper and lower plates as 

well as the maximum values obtained can be 

seen in Fig. 11. 

 

 
Figure 9: Plastic strain distribution in plates at 1s 

 

 
Figure 10: Residual strain distribution in plates 

 

 
Figure 11: Plastic strain history plot of the upper and 

lower plates 

5. Conclusions 

The welding simulation takes into account 

the changes in the thermo-physical and 

mechanical properties of aluminum alloy 

5083-O with temperature, which leads to a 

very accurate solution regarding the 

distribution and value of the thermal field and 

residual stress. When simulating the friction 

spot welding process, the consideration of the 

material properties as a function of 

temperature led to obtaining precise results. 

The three-dimensional analysis provides 

important data about the areas affected by the 

deformation process and the distribution of the 

thermal field. The maximum value of the 

effective stress corresponds to the area 

affected by deformations. The simulation 

results have been compared with the data 

available in the specialized literature and 

validated. 
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