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1. INTRODUCTION
Producing automobile bodies from lightweight materials is 
known to provide fuel economy and to reduce carbon emis-
sion values [1]. Due to its superior properties such as  low 
density and strength, aluminum quickly takes the place of 
steel plates in the automotive industry [2]. The joining of 
steel sheets is accomplished by joining methods such as 
rivets, bolts, and spot welding. Joining with spot welding 
comes to the fore since it does not form extra weight and 
additional costs. The most common technique used as spot 
welding in the industry is electrical resistance spot welding. 
Joining sheet metals by electrical resistance spot welding is 
advantageous due to its properties such as welding efficien-
cy and compatibility with automation [3]. The presence of 
an oxide layer in the welded joining of aluminum plates and 
causing a high rate of electrode wear make the use of ele-
ctrical resistance spot welding difficult [2]. Furthermore, in 
joining aluminum sheets, resistance spot welding produces 
a weak weld seam and causes porosity formation [4, 5]. The 
electrical resistance spot welding technique remains inca-
pable of the welded joining of aluminum-based  sheets due 
to the loss of the alloy property with the evaporation of the 
alloying element, shorter electrode life, hydrogen fracture, 
wear, overheating, and melting [6].

Friction stir welding (FSW) developed by the Welding Ins-
titute (TWI) in 1991 is a process involving thermodynamic 
processes during which instant heat formation, cooling, flow 
and deformation, recrystallization and mechanical coupling 
occur. FSW is a relatively new method, which is used in wel-
ding of metals without melting, with its properties such as 
low distortion, good mechanical properties, little weld de-
fects, superior welding properties provided in some metals 
that cannot be welded by conventional welding methods [7-
11].

In 2003, the method of spot welding was developed by 
Mazda Motor Company on the basis of friction spot wel-
ding (FSW), which is one of the solid-state welding methods 
[12, 13]. With this method called friction stir spot welding 
(FSSW), parts are welded without fusion. Therefore, welding 
defects such as porosity and cracks in the weld seam can be 
minimized [14, 15]. The FSSW technique, which presents 
high mechanical properties and which forms low distortion 
and low residual stress due to the low temperature differen-
ce in the welding process, also offers advantages such as the 
ease of use, high corrosion resistance, low energy input, and 
low cost [3, 17]. With these properties, the FSSW technique 
is taking the place of resistance spot welding in the automo-
tive industry [17].
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In FSS welding of metal-based sheets, tool design is essen-
tial. In the FSSW method, a nonconsumable tool with a pin 
and a shoulder on it is inserted gradually onto the overlap-
ping sheets by rotating at high speed [3, 18]. The tool ro-
tates for a certain period without feeding movement. This 
phase is defined as the dwelling time. The heat generated 
between the tool and the workpiece due to friction softens 
the workpiece, and the joining process is accomplished by 
stirring with the rotational movement. The rotating tool is 
removed from the workpiece by the upward movement, and 
the welding process is completed [3, 7, 19]. 

The effect of tool rotational speed, which is one of the im-
portant welding parameters, has been studied in the lite-
rature. In these studies, the rotational speed has different 
effects on welding performance. Cao et al. [20] reported 
that tensile strength initially increases with increasing tool 
rotational speed but decreases with further increase. Zhang 
et al. [21] said that the results of tensile tests indicate the jo-
int performance decreases with increasing rotational speed. 
Gerlich et al. [22] said that the material transport is insuffi-
cient when the tool rotation speed is selected as 750 rpm. 
Furthermore, Babu et al. [18] reported that bond width inc-
reased up to 1500 rpm and decreased at higher tool rotatio-
nal speeds due to excessive heating.

In this study, the tensile test and microhardness tests were 
performed to determine the effect of tool rotation speed, 
which is one of the most critical parameters affecting the 
welding performance in joining AA 7075-T6 Aluminum al-
loy sheets by FSSW, on the mechanical properties of wel-
ding. Metallographic examination of the welding zone was 
performed with an optical microscope. 

2. MATERIAL AND METHOD
In this study, AA7075-T6 aluminum alloy plates 100x30x3 
mm in size were used. AA7075-T6  sheets were spot welded 
by using the FSSW method (Figure 1). The chemical com-
position of AA7075-T6 aluminum material is presented in 
Table 1.

H13 hot work tool steel, which is widely used in hot and 
cold forming processes and which has superior properties 
such as high wear resistance, toughness, availability to ma-
chining, was used as a tool in the FSS-welding process. The 
tool consists of a pin, shoulder, and body carrying them. The 
tool with a shoulder diameter of 20 mm, a pin diameter of 
8 mm and a pin length of 3 mm was manufactured by using 
the machining method, and the end zone (pin, shoulder) 
was hardened by heat treatment. The tool which was desig-
ned and manufactured for the realization of experimental 
studies is presented in Figure 2. 

 
Figu. 1. Friction Stir Spot Welding system

Fig. 2. Tool used in the FSSW process

FSS-welding of aluminum alloy plates was performed by 
using a 2.8 kW FIRST LC20VGN universal milling machine 
with the vertical head at three different speeds (1040, 1320, 
and 1500 rpm) with a 20 s dwelling time, under room condi-
tions, on a 30 mm x 30 mm overlap area. 

It was ensured that the tool rotated clockwise by setting the 
milling machine to the specified cycle parameters. After 
completing these preparations, the FSSW process, of whi-
ch schematic representation is shown in Figure 3 and whi-
ch consists of plunging, stirring, and retraction stages, was 
started. 

Table 1. The chemical composition of AA7075-T6 aluminum alloy plates 

Material Chemical Composition (% weight)

Si Fe Cu Mn Mg Cr Ni O Zn Ti Zr Al Pb

AA7075-T6 0.07 0.14 1.6 0.06 2.7 0.19 60 ppm - 5.8 0.02 0.01 89.41 -

https://tureng.com/tr/turkce-ingilizce/availability
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In the first stage, the tool’s tip rotating at a specified spe-
ed penetrated the part with the plunge rate of 0.2 mm/s of 
the milling table in the perpendicular direction. The upward 
movement of the table was continued until the shoulder 
contacted the parts. After providing the contact of the 
shoulder of the rotating tool, of which pin was inserted into 
the workpiece, with the base metal, the plunge amount was 
adjusted, and it waited for 20 s. The surface views of welded 
joints produced at different welding parameters are presen-
ted in Figure 4.

Fig. 3. Schematic representation of the FSSW process [18]. 

 
Fig. 4. Top (surface) views of FSS-welded joints at different welding para-

meters a) 1040 rpm, b) 1320 rpm, and c) 1500 rpm. 

In the determination of the mechanical properties of the 
specimens FSS welded by using three different speed para-
meters (1040, 1320, 1500 rpm), the universal tensile test de-
vice (Raagen) with 10 kN load capacity was used. The tensile 
test was applied to the specimens at a loading speed of 1 
mm/min under room conditions. 

Fig. 5. Specimen prepared for the microstructural examination

ZEISS Stereo Discovery.V8 optical microscope was used in 
the metallographic analysis of the welded parts obtained 
by using three different rotation speeds (1040, 1320, 1500 
rpm). For the metallographic analysis, the specimen (Figure 
5) was exposed to etching after sanding and polishing. Vic-
kers hardness values of the welded parts were determined by 
applying 0.98 (N) load for 15 s to the specimens.  

3. RESULTS AND DISCUSSION

3.1 Metallographic Characterization of the Weld
The optical micrograph of the FSS welded joints produced 
using three different rotation speeds of the tool are presen-
ted in Figure 6. The optical microscope views of welded jo-
ints produced at all applied parameters, it is observed that 
good weld penetration was achieved with a gapless joint. In 
the welding zone of FSS-welded aluminum plates produced 
at the low rotation speeds of the tool, interface of the joint 
is partially apparent, and the presence of a small amount of 
porosity is observed (Figure 6a, b). In the welding zone of 
FSS-welded aluminum plates produced at the high tool ro-
tation speed (1500 rpm), the interface line was not apparent, 
and the presence of porosity was not observed (Figure 6c). 
The stir zone was found to be larger with increasing tool 
rotation speed. Bozzi et al. [23] obtained similar results and 
explained the increase in the stir zone with more heat ge-
neration.

3.2 Examination of Tensile-Shear Forces
Tensile loads of FSS welded joints were determined by app-
lying tensile tests. The fracture surface on the lower  sheets 
and the top views of the welding surface on the upper  sheets 
are presented in Figure 7. Similar to the pin on the tool, the 
presence of a pit on the upper sheet, and along with the trail 
formed by the heat effect due to the pressure friction of the 
shoulder, the presence of the material transferred from the 
upper plate around the region where the pin contacted was 
observed on the lower plate. The FSS-welded plates joined 
at three different rotation speeds have similarities in the wel-
ding zone.

Tensile-shear forces and elongation relationship of the wel-
ded parts obtained using different rotation speeds is presen-
ted in Figure 8. An increase in the tensile force depending 
on the increasing tool rotation speed is observed (Figure 8). 
The highest tensile-shear load value (6200N)  is obtained at 
the tool rotation speed of 1500 rpm. Paidar et al. [24] de-
termined that the tensile strength increases with increasing 
tool rotational speed. Patel et al. [25] have also determined 
that the tensile strength increased with the increase of tool 

Fig. 6. The Optical micrographs of welded joints obtained using different rotation speeds, a) 1040 rpm, b) 1320 rpm, and c) 1500 rpm
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rotation speed and obtained the highest strength value at 
1500 rpm. Bozzi et al. [23] explained the increase in the ten-
sile strength with increasing tool rotation speed, because of 
the larger size of the stir zone.

Fig. 7. Enlarged images of welding zones on the top and bottom plates 
after the tensile test

Fig. 8. Force-elongation curves obtained from the tensile test of FSS-wel-
ded plates using different rotation speeds (1040, 1320 and 1500 rpm)

3.2 Investigation of Hardness Values
The relationship between the Vickers hardness values of the 
welded parts obtained by using different rotational speeds 
were presented in Figure 9. Microhardness tests were per-
formed 0.2 mm above the joint interface. It was observed 
that the hardness values were higher in the base material 
and stir zone and the hardness values were lower in the 
TMAZ. Similar results were obtained for hardness values 
for different tool rotation speeds. However it was found that 
the hardness values of the sample joined with 1040 rpm dec-
reased in the region closer to the welding center. This result 
shows that the sheets joined at 1040 rpm have a smaller stir 
zone. Venukumar et al. [26] explained that the decrease in 
hardness value is caused by the formation of coarse grains as 
a result of over-aging. They explained the increase in hard-
ness in the stir zone with high temperature and plastic de-
formation causing dynamic recrystallization and fine grain 
structure. Yuan et al. [27] have obtained similar results and 
stated that the decrease in hardness value occurred as a re-
sult of thermal cycling.

Fig. 9. Vickers hardness values of plates joined by FSS welding using 
different rotational speeds (1040, 1320 and 1500 rpm)

4. CONCLUSION
In the metallographic examination of AA7075-T6 alumi-
num alloy sheets were joined by FSS welding under different 
welding conditions. A small amount of porosity was deter-
mined in the welding zone of the specimens produced at 
1040 and 1320 rpm tool rotation speeds. No welding defects 
including porosity were detected in the welding zone of the 
specimens produced at a tool rotation speed of 1500 rpm.

The study also demonstrated that the tool speed in the 
FSSW method has a significant effect on the tensile force 
of the joint.
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