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Increasing usage of magnesium and aluminum light metals in the transportation industry has made 
joining of these two metals one of the challenges for researchers and engineers. The aim of this study 
was to investigate the relationship between mechanical properties of lap friction stir welded Al-Mg 
plates and characteristics of the interface. Therefore, joining of aluminum and magnesium in various 
conditions was conducted. Optical and scanning electron microscopy analysis, micro-hardness test and 
tensile tests were performed on samples. The results showed that in the joints where Mg was on top, an 
approximately 10 micron thick layer of intermetallic compounds is created, while in the Al-top joints, 
approximately 1 mm thick intermetallic compounds with solidified microstructure were visible. 
Mechanical test showed Mg-top joint has higher strength in comparison with Al-top joint. On the other 
hand, hardness test of Mg-top joint showed more fluctuation than Al-top joint. Microstructural 
investigation also showed that in the Mg-top joint, formation mechanism of intermetallic compounds 
has occurred in solid state while in the Al-top joint, in addition to diffusion in solid state, eutectic 
formation in the molten state and solidification has occurred.  
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1- Friction Stir Lap Welding 

 1         
Table 1 Chemical composition of magnesium sheet used in the 
welding process 
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Table 2 Chemical composition of Aluminum sheet used in the 
welding process 

  Mg  Al  Cu  Fe  Mn  
    056.0 018.0  012.0  033.0  
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Fig. 1 Clamping fixture used for welding 

1    

 
 

Fig. 2 The FSW tool used for all the welding processes 
2   

2- Retreading Side (AS) 
3- Advancing Side (RS)  

 Al Si Fe Zn Mg 
  073.0 335.0 012.0 053.0 
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Fig. 3 Different configuration of welding according to tool rotation 
direction (a) Retreading edge (b) Advancing  edge 
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Fig. 4 Macrostructure of sections from different joints of  (a) 
Mg top-Retreading edge  (b) Mg top-Advancing  edge  (c) Al 
top-Retreading edge (d) Al top- Advancing  edge 
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Figure 5 Microstructure of different zone from interface in 
Mg top-Retreading  edge  joints 
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Fig. 6 Microstructure of different zone from interface in Mg 
top-Retreading edge  joints 
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Fig. 7 EDS analysis results from diffusion layer in 
Magnesium-top joints 

7 EDS -  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

2.
34

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
9-

22
 ]

 

                               4 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.2.34.9
https://mme.modares.ac.ir/article-15-10957-fa.html


    

                       

  

210  1395162  

  
Fig. 8 EDS analysis results from interface with solidified 
structure in Aluminum-top joints 
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1- Thermo-Mechanically Affected Zone= TMAZ 

  
Fig.  9 (a) Macrostructure of the welded joint and the micro 
hardness tested lines of Mg–top retreading edge  (b) micro 
hardness distribution on the (1) magnesium side and (2) 
aluminum side of the joints  

9 
1 --  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

2.
34

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
9-

22
 ]

 

                               5 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.2.34.9
https://mme.modares.ac.ir/article-15-10957-fa.html


    

                       

1395162  211  

  
Fig. 10 (a) Macrostructure of the welded joint and the micro 
hardness tested lines of Al–top retreading edge  (b) micro 
hardness distribution  

10 
1 --  

  
Fig. 11 Optical microscopy images of the intersection of 
Solidified structure and the vertical line of aluminum-top 
retreading side joints  
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Fig. 12 Results of shear tensile tests of Al/Mg joints 
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Fig. 13  Images of failed samples after shear tensile test in 
joints of  (a) Mg top-Retreading edge  (b) Mg top-Advancing  
edge  (c)  Al top-Retreading edge (d) Al top- Advancing  edge 
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Fig. 14 The  distribution stress in magnesium in Mg top-
Retreading edge joint 
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Fig. 15 Optical microscope images from the interface of 
aluminum top joint loaded to 500 Nm 
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Fig. 16 SEM image of the fracture surface of magnesium in 
magnesium-top at high magnification 

16  -
  

  
Fig. 17 Scanning electron microscope image of the region of 
the fracture surface of the aluminum-top which failed from 
interface 

17 
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Fig. 18 XRD patterns of the in magnesium-top Retreading edge 
joint 
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