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Fig. 2. Stages of RFSSW process: a) tool positioning, b) plunged 
probe, c) plunged sleeve, d) tool retraction

RFSSW is mainly used for joining aluminum alloys 
components. The papers [4, 5] present the possibilities of 
using this technology for welding steel as well as titanium with 
aluminum.

In the RFSSW, the surface of the spot face is smooth, 
no element protrudes above the sheets top surfaces, and the 
duration of the process is shorter than in case of the riveting, 
as presented in [6]. [7–9] show that RFFSW belongs to the 
state-of-the-art joining technologies due to the high strength of 
the spot welds and the simplicity of the process performance.

In the paper [10] the load-capacity and microstructure 
of the RFSSW joints made of aluminium alloy 6061-T4 were 
presented. Also the characteristics of the hooks and voids made 
at different processing parameters were discussed. The authors 
of the paper [11, 12] analyzed the influence of 15 parameters 
combination on the mechanical properties and microstructure 
of the RFSSW joints made of aluminium alloy 6181-T6 with 
a  thickness of 1.7 mm. The analysis of the joints made of 
aluminum alloy 7xxx was shown in [13]. Whereas studies of 
RFSSW joints made of aluminum alloy 2xxx were presented 
in [14].

The technology is used in the automotive and aerospace 
industries, for instance in the panel structures and in the load-
bearing constructions (Fig. 3) analysed in [15–17].

Fig. 3. Load-bearing structure made by RFSSW: a) axonometric view, 
b) top view 

The modelling of RFSSW process and structures produced 
by RFSSW is still being developed. The thermo-mechanical 
models are used for the analysis of the welding process. The 
heat source distributed over the contact surface of the tool is 
modelled as a heat flux loading the surface of the upper sheet. 
The analysis of normal stresses and temperature distributions 
for varying welding parameters (welding speed, rotational 
speed) were shown in [18, 19]. The mechanical models are 
used for the analysis of  the structures made using RFSSW. 
These model apply different material properties for different 
volumes of the analysed material. The division into two 
groups: the base material and the spot with heat-affected zone 
(HAZ) is shown in [20]. In [21], four groups were defined: 
the spots, the thermo mechanically affected zone (TMAZ), the 
HAZ and the base material.

2.	 Goal and scope of work

The goal of the paper is to determine the crack locations 
in RFSSW joints during the tensile test. The assessment was 
made using experimental research and numerical analysis. 
Three types of overlap joint geometries were analysed. 
The joint were made of 2-mm thick 6061-T6 aluminium 
alloy sheets and were joined using two spot welds. Fig. 4 - 
6 show the views of the specimens from the tool operation 
side – the obverse and from the opposite side – the reverse. 
For each geometry, the tests were performed using the series 
consisting of three specimens. The chemical composition of 
the base material is given in Table 1. The RFSSW process was 
performed using following: thickness of the spot of 2.2mm, 
tool rotational speed of 2000 rpm, tool input time of 0.7 s, tool 
output time of 0.5 s. The diameter of the weld spots was 9mm.

Fig. 4. Geometry of specimen with parallel spot welds: a) obverse 
view, b) reverse view

Fig. 5. Geometry of specimen with perpendicular spot welds : a) 
obverse view, b) reverse view
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Fig. 6. Geometry of specimen with eccentrical, parallel spots : a) 
obverse view, b) reverse view

Tab. 1. 

The joints were extended in the testing machine. A non-
contact optical 3D deformation measurement system Aramis 
was applied. The use of Aramis system allowed for acquisition  
of effective plastic strain fields at the external surfaces of the 
extended specimens. The graphs of effective plastic strains for 
the characteristic lines passing through the maximum strains 
were recorded and presented. The results of the experimental 
investigations were compared with the numerical analyses 
carried out using ADINA System based on FEM.

3.	 Experimental investigation

The maximum forces achieved by the joints during the 
tensile tests were shown in the displacement-force graphs 
(Fig. 7). The maximum values of forces achieved by the joints 
are similar. The significant difference occurs for the joint 
with weld spots situated parallel, eccentrically to the tensile 
direction, the achieved displacement is almost twice greater 
than in case of the other joints.

Fig. 7. Displacement-force diagram for analysed joints

The photos of the joints after stretching are shown in Fig. 
8 - 9. The free ends of the specimens sheets with parallel spots, 
both axial and eccentrical, are slightly deflected with respect 
to the Y-axis. The joints are slightly deformed in the areas of 
the spot welds. The joints were destroyed by shearing at the 
spot welds. In the specimen with perpendicular spot welds, the 
free ends of the sheets are significantly deflected with respect 
to the Y-axis. The losing of joints load capacity is caused by 
the cracks occurring at the edges of the spot welds, at the side 
corresponding to the fixed sheet ends. The spot welds  were not 
destroyed, they were only partially separated from the joints.

Fig. 8. Specimen with parallel spot welds  after tensile test: a) view of 
destroyed joint, b) view of destroyed spot welds

Fig. 9. Specimen with perpendicular spot welds  after tensile test: a) 
obverse view, b) reverse view, c) side view, d) axonometric view












