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Abstract— In this study, the welding properties of the AA 
7075 T6 and AZ31B magnesium sheets were studied by using 
friction stir welding (FSW). For this purpose, the present work 
was investigate to elucidate the effect of FSW parameters on 
the tensile strength, impact strength and microstructural 
behaviors of dissimilar welding of the AA7075 T6 and AZ31B 
Mg alloys. Aluminum and magnesium sheets were successfully 
joined using FSW and the samples were tested for the 
mechanical and microstructural properties to determine the 
optimal welding variables. The welding process was performed 
using different feed rates, offset values and tool profiles while 
spindle speed was kept constant. The joining sheets were 
heated with hot air blowing behind the tool during the FSW 
process to prevent crack formation due to the residual stress. 
The tests results showed that the better tensile and impact 
strengths were obtained with square tool a constant spindle 
speed of 500 rev/min, a feed rate of 20 mm/min, and a tool 
offset of 0.2 mm. It was also observed the formation of tunnel 
because of low melting temperatures and insufficient mixing 
caused to reduction of area and notch effect in the welded zone. 

Keywords-AA 7075-T6, AZ31 B, Friction Stir Welding, 
Mechanical Properties 

I.  INTRODUCTION  
One of the most important issue in industry today is 

weight of products. Lightweight structural materials such as 
aluminum and magnesium are growing into importance in 
automotive and aerospace industries day by day. Aluminum 
and magnesium alloys are among the ideal materials for 
solving weight problem with their low specific density.  By 
means of the composite structures that these two metal are 
used, it is possible to benefit from the superior features of 
these materials. Joining the Mg/Al alloys in safer ways will 
improve their use in industry [1,2]. However, because of 
their mechanic, physical and metallurgic features, it is very 
difficult to weld dissimilar metals [3]. Friction stir welding 
(FSW) method was developed by the welding institute (TWI) 
in Cambridge [4] to join the dissimilar aluminum alloys that 

are difficult to weld and have lower melting degree. One of 
the biggest problem in combining Al and Mg alloys with 
FSW method is Al12Mg17 and Al3Mg2 the intermetallic 
compounds that are formed in brittle and hard structure. 
These intermetallic compounds negatively affect the 
mechanical features of welded region [5, 6]. Intermetallic 
compounds may cause low ductility and then brittle fractures 
at welding point [5-8]. They also cause dynamically 
recrystallization of material in weld seam region and 
fluctuations in hardness distribution in intermetallic 
compounds welding region [7-9]. Bilgin et al. [10] state that 
intermetallic formation may be decreased by combining 
Al/Mg alloys by FSW with low welding heat. However, this 
causes insufficient mixing between two metals and then 
forming gaps in welding region and mechanical properties 
decrease. Tabasi et al. [11] have embedded SiC nanoparticles 
into welding region during combining AA7075 and AZ31 
alloy with FSW and investigated the mechanical properties. 
It was seen that using SiC nanoparticles as reinforcement in 
FSW affects the microstructure of welding. They reported 
that increasing spindle speeds and decreasing the table feed 
enhanced the mixing of aluminum and magnesium alloys. Ji 
et al. [12] studied the FSW of aluminum 6061 and 
magnesium alloy AZ31 employing ultrasonic based on the 
stationary shoulder. Authors stated that the ultrasonic 
supported to improving material flow and tensile strength 
reached 120 MPa and 1.5% compared with the without 
ultrasonic. Sheikh-Ahmad et al. [13] studied the residual 
stress in dissimilar FSW of aluminum 2024 and AZ31 alloy 
and evaluated the experimental and numerical results. 
Authors found that lower residual stress and higher weld 
quality were achieved with tool offset to the Al2024 side. 
They also obtained a good agreement with the experimental 
and numerical results. Garcia et. al [14] performed on 
dissimilar FSW of AA7075 and AZ31B alloys using 
different welding parameters. They obtained better welding 
results at spindle speed of 200 rpm, travel speed of 30 
mm/min and tool tilt angle 1⁰. Authors observed that the 
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hardness and ultimate tensile strength were 122HV and 
61.35 MPa, respectively. They also observed Al3Mg2 and 
Al12Mg17 intermetallic formations in the stir zone including 
cavities and tunnel. Dumpala et al. [15] investigated the 
FSW of Aluminum alloy 6063 and AZ91 magnesium using 
different tool rotational speed and table feeds. They obtained 
the best result at 1100 rpm of spindle speed and 25 mm/min 
table feed for dissimilar FSW of specimens. They also 
suggested to further studies for the successful joining of the 
Al6063 and AZ91 alloys due to the material-mixing problem. 
Çevik [16] performed an intensive study to determine the 
influence of the welding parameters on the residual stress 
and mechanical properties during the FSW of AA7075-T6 
aluminum alloy. Author reported that the tool material, 
spindle speed and table speed were the crucial role on the 
hardness distributions, temperature variations and 
mechanical properties of the welded specimens. 

In the literature review, it is seen that the researches with 
7xxx serial Al alloy in combining Al and Mg alloys with 
FSW are extremely limited. Although AA7075 has superior 
mechanical properties, its poor welding capability causes not 
to prefer it in especially welded structures. Therefore, the 
researchers generally focus on 2xxx and 6xxx Al alloys. On 
the other hand, providing AA7075-T6 to combine with 
different alloys successfully, because of its superior 
mechanical properties, will contribute to further product 
design flexibility and expand their usage in industry. In this 
study, thermal assisted dissimilar friction stir welding 
behavior of AA7075 aluminum alloy and magnesium 
AZ31B was studied. Mechanical and microstructural 
properties of welded specimens were investigated and 
evaluated the heating effect on the welding quality. 

II. EXPERIMENTAL PROCEDURES 
FSW operations were carried out using TOS FGU 32 

universal milling machine. The mixer tool was produced in 
two types having triangle and square section by using K10 
quality carbide. Shoulder diameter of mixer tool is 18 mm, 
pin length is 4.8 mm and pin diameter is 6.81 mm. FSW 
have been performed using constant spindle speed (500 rpm), 
four different table feed speed, four different offset variables 
on the Mg side (Advancing Side), constant tool angle (0°) 
and two different mixer tool profiles (square and triangle). 
AA7075-T6 alloy and AZ31B magnesium alloy sheets of 
size 300 x 100 x 5 mm3 were prepared for the friction stir 
welding process. A special fixing apparatus was produced 
using Aluminum 7075 material to fix the specimens before 
the welding process. This fixture was fixed on the universal 
milling machine table using T-slot clamping shoes. Then, 
AA7075 and AZ31B sheets were placed on this fixture using 
clamping shoes at advancing side and retreating side, 
respectively. The chemical contents of the specimens and 
FSW parameters used in the tests are given in Table I and II, 
respectively. Prior to the welding operation of each 
experiment, the rotating mixer tool was positioned on the 
specimens and moved in the -z direction until the desired 
pressing force is obtained. Then, the mixer tool was held in 
this position for one minute without moving until the desired 
welding temperature was reached. After the desired 

temperature in the welding zone was obtained, FSW process 
was initiated by using the welding speed presented in Table 
II.  

TABLE I. CHEMICAL CONTENT OF THE AA7075-T6 AND AZ31B (%WT.) 

Material Si Fe Cu Mn Ni Zn Cr Al Mg 
AA7075 0.07 0.12 1.39 0.059 0.0039 5.63 0.18 Bal. 2.45 
AZ31B 0.01   0.29 0.0013 0.75 --- 2.9 Bal. 

 

 
Figure 1. Schematic view of the experimental set-up for FSW process 

TABLE II.  PARAMETERS USED IN THE TESTS  

Test No Table feed,  
Vf (mm/min) Offset, (mm) Tool geometry  

1 20 0.0 Square 
2 20 0.2 Square 
3 25 0.0 Triangle 
4 25 0.2 Triangle 
5 30 0.4 Triangle 
6 30 0.8 Triangle 
7 36 0.4 Square 
8 36 0.8 Square 

 
A noncontact temperature monitoring was performed 

using Raytek MI3 2M digital pyrometer. The MI3 infrared 
temperature sensor head was precisely installed on the 
moveable apparatus and connected to the computer with 
USB digital communication. The temperature of the tool-
workpiece interface was continuously monitored via 
contactless infrared temperature measurements during the 
welding process. Residual stress was reported as a main 
problem during the FSW process. Therefore, a hot air 
blowing device was utilized to control the cooling process of 
the welded zone. It was aimed to prevent the residual stress 
leads to crack formation due to the fast cooling and Xytronic 
LF853D hot air blowing device was used for this purpose. 
The tensile and impact test specimens were prepared using 
wire electric discharge machine (wire EDM) according to the 
ASTM E8/E8M-09 and ASTM E23 standards respectively. 
The tensile and notch impact tests were conducted using 
Instron 3369 and Instron-Wolpert PW30 measurement 
devices, respectively. Hardness measurement were carried 
out by using Metkon Duroline - M device with 100 g load 
and 12 s. The welding experimental setup are depicted in Fig. 
1. 
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III. EXPERIMENTAL RESULTS AND DISCUSSION 
This study was performed to investigate dissimilar 

welding of AZ31B Mg alloy and AA7075-T6 using a special 
fixing apparatus and heating system welded zone. The 
constant spindle speed of 500 rev/min was determined for 
tool rotation speed after evaluated the number of preliminary 
experiments. The welding experiments were performed at 
this constant spindle speed and investigated the effect of the 
table feed (tool travel speed), offset values and tool geometry 
on the welding quality and mechanical properties of the 
welded specimens. The visual inspection and macro images 
were indicated that the tool travel speeds had a crucial role 
on the welding quality [15]. Figure 2 depicts the top view of 
the welded sheets using the FSW weld parameters in the 
tests. It was observed that smooth welding surfaces were 
obtained from the visual inspection and no weld defects were 
not seen on the top surface of the joined specimens at 20 and 
25 mm/min welding speed. However, porosities and tunnel 
defects were observed in visual inspection of the specimens. 
As can be seen the macro images of eight tests results (Fig. 
2), the porosities were increased with increasing table feed 
and tool offset values. The lower porosities were observed at 
table feed of 20 mm/min without offset value using square 
tool tip.  

 
Figure 2. Top view of the welded specimens 

The welding temperature was decreased with increasing 
table feed rates and the poor material flows were obtained 
resulted in surface defects like porosities and grooves 
through the welding zone. Friction stir welding is solid state 
welding and the heat produced at the joint are dissipated 
between the tool and workpiece. Hence, temperatures 
variations are occurred at different areas of the workpiece 
during the welding process depending on the thermal 
conductivity of the materials [15]. AA7075 and AZ31B Mg 
alloys have two different thermal conductivities caused to 
residual stress and it was observed the hot cracks at weld 
zone during the preliminary experiments. Therefore, the hot 
air blowing device was continuously employed on the 
welded area during the welding process to prevent the 
residual stress and hot crack formation at the joint area. 
Crack formation was eliminated employing by hot air 
blowing system on the welded zone. On the other hand, 
tunnel formation was observed at the bottom side of the 
welded specimens. The tunnel formation is caused to reduce 

the mechanical properties of the joined specimens [17, 18]. 
Figure 3 shows the side view of the machined specimens in 
wire EDM and tunnel formation can be seen clearly. The 
tunnel structures were occurred bigger at aluminum side 
compared with the magnesium side and tunnel formation 
indicates the low heat input in FSW process. This can be 
attributed to thermal conductivity and mechanical variations 
between the aluminum and magnesium alloys. AA7075-T6 
alloy has 130 W/m-K thermal conductivity value while 
AZ31B Mg alloy has 96 W/m-K. Therefore, the heat 
generated in friction stir welding process of Aluminum and 
Magnesium alloys spreads more easily to the Aluminum 
alloy. AA7075-T6 alloy has also higher mechanical 
properties than AZ31B Mg alloy required higher heat input 
for plastic deformation. The smaller tunnel formation was 
obtained in welding process with carbide stirring tool tip 
having square geometry compared with the triangular 
geometry due to the square geometry stirrer tip has more 
edges and more frequent mixing takes place. 

 
Figure 3. Cross section view of the welded specimens 

AA7075-T6 alloy was placed retreating side (RS) and the 
burr formation was seen on the aluminum side of the welded 
area (Fig. 2). The aluminum sheet surface raised upwards at 
the welding layer and led to burrs at the edge of the welding 
line when the shoulder part of the stirring tool touched the 
aluminum sheet [19]. 

 
Figure 4. The effect of FSW parameters on tensile strength 

The average effect of the friction stir welding parameters 
on tensile and impact strength was presented in Fig.4 and 
Fig.5, respectively. The highest tensile and impact strength 
were measured at table feed of 20 mm/min and offset value 
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of 0.2 mm using square tool tip as 49.19 MPa. This means 
the 20.49% of main metal AZ31B tension strength that is 
240 MPa. It was observed that the tensile and impact 
strength were reduced depending on the size of tunnel 
formation caused to the notch effect. The lower mechanical 
properties can be attributed increasing porosities with the 
increasing table feed and offset values. The impact strength 
values were exhibited the similar behaviors with the tensile 
strength and highest impact value was obtained at table feed 
of 20 mm/min and offset value of 0.2 mm with the square 
tool tip. The tensile and impact strength results of the welded 
specimens were decreased as compared to the base materials. 
These lower results can be explained by tunnel formation, 
porosities and creation of hard intermetallic phases. The 
welded specimens were broken at small strains and exhibited 
like a brittle material behavior. 

 
Figure 5. The effect of FSW parameters on the impact strength 

The Vickers micro hardness of the specimen 2 are 
depicted in Figure 6. The micro hardness distribution was 
investigated on specimen 2 and the hardness measurements 
were made at the welded locations from the left and right 
side of joint center. Lower hardness values were measured at 
the Mg side from the center and highest hardness values 
were obtained 1 mm distance from the right and left side of 
the joint center. The hardness measurement results were 
indicated the fluctuations at the welded zone and obtained 
the greater hardness values than the base materials. The 
hardness variation and higher hardness values can be 
attributed to the presence of intermetallic compounds of 
Al12Mg17 and Al3Mg2 at the welded zone [20].  

 
Figure 6. Micro hardness distribution on welded specimen 2. 

IV. CONCLUSIONS 
In this study, dissimilar friction stir welding of AA7075-

T6 and AZ31B magnesium plates having different chemical 
and mechanical properties investigated. The influence of 
welding parameters such as table feed, offset value and tool 
tip geometry on the welding quality and mechanical 
properties was studied at constant tool rotational speed.  

The experimental findings are summarized below; 
• The table feed were exhibited a significant effect on 

the welding quality and porosities were observed 
with increasing table feed  

• The porosities were decreased during the welding 
process at table feed of 20 mm/min using square tool 
tip.  

• The hot air blowing device was minimized the hot 
crack formation at the joint area and improved the 
welding quality.  

• The tunnel structures was observed thorough the 
joint line at the bottom of the welded specimens and 
the size of the tunnel was bigger at AA7075 side 
depending on the low heat input. 

• It was seen that the size of tunnel formation was 
reduced in the FSW process using the square tool tip. 

• The lower tensile and impact strength values were 
obtained due to the tunnel formation, porosities and 
formation of hard intermetallic phases. 

• The higher hardness values were measured at the 
welded zone compared to the base materials. 

We have been proceeding the new studies to reach a 
successful dissimilar friction stir welding of AA7075-T6 and 
AZ31B employing the preheating on the aluminum side 
during the welding process to reduce the intermetallic and 
tunnel formation. 
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