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I will talk about the effect of feed rate tools on the quality of Ti-Al bimetal formed by friction stir and the problems that come up, namely the principle of friction stir welding and the tool used. 



Motivation 
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	The need to connect dissimilar materials results from increasing demands on functionality in modern industry. Manufacturers are focusing on the reduction of production and operating costs, finding improved mechanical and thermal properties and lightweight solutions in the shipping, aviation and automotive industries.	The method of producing titanium-aluminum bimetals is of great interest, as traditional floating welding methods do not allow  us to obtain welded joints of good quality. Large thermal investment leads to the formation of a layer of brittle intermetallic materials that to the loss of strength and high stresses at the interface of the dissimilar layers, which is caused by different thermodynamic properties of the alloys.



Intermetallics 
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	In the case of the titanium-aluminium joint, some success has been achieved in butt welding and overlapping welding with Al as the top sheet. At the interface, an intermetallic layer is also formed, but of a lower thickness. Because, the more developed the interface surface, the stronger the mechanical composition. In terms of the development of the cutting surface, overlap welding can be more successful if Ti is placed on top of Al.
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The aim:  
To investigate the characteristics of titanium-
aluminum bimetal formation by friction stir 
welding and the dependence of the interface 
surface on welding process parameters 

Svetlana
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The aim of this paper is to investigate the formation of titanium-aluminum bimetal by friction stir welding and the dependence of quality on the technological parameters of welding.



Materials 

Aluminum alloy AMg5 - thickness of sheet metal 2.5 
mm. 

Chemical composition, %: 
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Fe Si Mn Ti Al Cu Be Mg Zn 

 up tо 
0,5 

up tо 
0,5 

0,5-0,8 0,02-
0,1 

91,9-
94,68 

up tо 
0,1 

0,0002-
0,005 

4,8-5,8 up to 
0,2 

Fe C Si N Ti O H 

up tо 0,18 up tо 0,07 up tо 0,1 up tо 0,04 98,61-
99,7 

up tо 0,12 up tо 0,01 

Titanium alloy BT1-0 - thickness of rolled sheets 2.5 
mm. 
Chemical composition, %: 
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Bimetals were produced by friction stir welding of 2.5 mm thick aluminium alloy AMg5 and 2.5 mm thick titanium alloy BT1-0.



Welding scheme 
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 Friction stir welding is performed with a rotating tool, which is pressurized into the material to be welded on two sheets. During friction heat is generated and the material becomes plastic. This allows the tool to move along the seam line. Friction stir welding was carried out in an argon environment and on the titanium sheet side, overlapping an aluminum sheet.
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Before welding After welding 

Friction stir welding tool 

ZhS6U  
(Ni-10W-10Co-9Cr-6Al-2Ti-2Mo-1Fe-1Nb) 

Svetlana
Записка
	For welding we used The tool from heat-resistant alloy ZhS6U with the pin length of 2,8 mm. This alloy is a heat-resistant nickel-based alloy.  This alloy is used for casting turbine blades and previously it was not used as a tool for FSW.



Welding modes 

№ 
Rotation speed, 

 rpm 
Feed rate,  
mm/min 

Load, kg 

1 950 180 800 

2 950 150 800 

3 950 100 800 
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The  welding of samples was carried out at a constant speed of rotation of the tool and load, the feed rate varied from 180 to 100 mm/min. To study microstructure of produced bimetals we cut out the samples in cross-section perpendicular to the  direction of welding and also we prepared plane-parallel polished samples.



Bimetal Geometry 
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# Joint width, mm Plunge depth, mm 
The length of the 

interface, mm 

Defect area,  

mm2 

1 3.6±0.1 0.64±0.03 4.7±0.1 0.259±0.005 

2 3.6±0.1 0.23±0.05 6.1±0.1 0.210±0.003 

3 3.8±0.1 0.28±0.05 6.6±0.1 0.052±0.002 
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	The joints have a typical stirring zone structure which copies the geometry of the welding tool. The thermomechanical affected zone and heat-affected zone are almost absent visually. In all joints there are macrodefects of the type of discontinuity, which are close to the interface surface of dissimilar materials. There are also aluminium alloy particles detached from the substrate and mixed in a titanium alloy. The titanium alloy material is strongly recrystallised as a result of the intense plastic deformation, which is typical for friction stir welding joints.	To evaluate the macrostructure we selected, the joint width, plunge depth, the line length of the two materials in cross-section, and the total defect area.   As you can be seen in the figures, the width of the seam is almost independent from the feed rate and is determined mainly by the tool geometry. The plunge depth of titanium in aluminium varies. In the case of joint #1, the tool lacked the lifting force to tighten the aluminum, so the titanium alloy, which is tightened under the pin, remained in the "furrow". In the case of joints #2 and #3, the depth of plunge changes within the measurement accuracy.	Once the feed rate decreases, the length of the cutting line increases, which is a factor of surface development. Also, when the feed rate decreases, the total defect area is reduced. 



Raster electron microscopy 
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	Images of the interface surface of dissimilar materials in bimetals were obtained on the raster electron microscope in the mode of backscattered electrons. In some regions of strong titanium fragmentation, intermetallic layers are not thicker than 20 µm. The decrease of feed rate did not result in the growth of intermetallic layers. This is explained by the low thermal conductivity of titanium, so the aluminum didn’t have time to warm up to the critical temperature.



Conclusions 

• The Reduced feed rate leads to the 
intermetallic formation, but the compound is 
a mechanical mixture. 

• The Decrease in feed rate leads to The 
reduction of macrodefects and the 
development of the interface surface. 

• The strength of a compound is the mostly 
affected by the development of the interface. 
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In this research we researched the specific features of the formation of titanium-aluminum bimetals by friction stir welding and the dependence of the bimetal quality from the feed rate.- The reduced feed rate leads to the intermetallic formation, but the compound is a mechanical mixture.- The decrease of feed rate leads to the reduction of macrodefects and the development of the interface surface.- The strength of a compound is mostly affected by the development of the interface.



Thank you for your attention 
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