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Abstract:  

In this paper, the effect of grain size by using dry ice as a cooling medium also influence the microstructure on mechanical 

properties of Friction stir weld ing of dissimilar Alumin ium AA6061 and AA5083 alloys were studied due to their range of usage 

in naval and marine applications. The weld ing parameters  of FSW are tool rotational speed, welding speed, tilt  angle and tool pin 

profile plays a major role in decid ing the weld  quality. The threads on the taper tool profile generate a fairly localized deformat ion 

which results the high volume of material was stirred. Vickers hardness is used to measure the micro hardness in various zones of 

welded jo ints. It is observed that the grain size is decreased under frict ion  stir weld ing with dry ice as  a coolant by using an 

optical microscope and mechanical properties are enormously improved and these properties have been correlated with 

microstructures. Higher mechanical properties are obtained with tool shoulder diameter of 24mm, taper thread pin profile at a 

rotational speed of 900 rpm and a welding speed of 60mm/min due to equiaxed grains. 
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1.INTRO DUCTION 

 

Friction stir weld ing (FSW) is a solid-state joining [2] process 

that with a non-consumable tool to jo in two  facing workpieces 

without melting the workpiece material. Heat is generated due 

to friction between the rotating tool and the workpiece 

material, which leads to a softened region near the FSW tool. 

Fig-1 shows the tool is traversed along the joint, it 

mechanically intermixes the two metal pieces and forges the 

hot and softened metal by using the mechanical pressure, 

which is applied by the tool. It is primarily  used on wrought or 

extruded alumin ium alloys and particularly for structures 

which need very  high weld strength. The in fluence of the 

process parameters[1]such as rotational speed (V) and welding 

speed (ν), tool pin profile on weld properties and effect of 

cooling(dry ice) on microstructure have been investigated in 

this present study. 

   

 
Figure.1.Schematic Drawing Of Friction Stir Welding 

 

The objective of this paper is to identify the significant 

process and tool parameters on mechanical properties[3] of 

AA6061 and AA5083 d issimilar aluminium alloys in FSW 

process. 

II. LITERATURE REVIEW  

 

Koilraj et al., (2012) in their work, optimized the [8]  process 

parameters of frict ion stir we lding of dissimilar aluminum 

alloys using Taguchi technique by considered parameters such 

as rotational speed, traverse speed and tool geometry  for 

optimization to investigate tensile strength of the joint and 

concluded that friction stir welding produces satisfactory butt 

welds with cylindrical threaded tool profile. K.Mroczka, 

J.Dutkiewicz study examines a friction stir welded 2017A 

aluminium[4] alloy with electron microscope investigations 

of the weld nugget zone revealed the average grain size of 

5 μm. The welding  process was performed with a 

conventional tool. The cooling was performed by pouring 

granulated dry ice (CO2) on the surface of the sheets being 

joined.  

 

III.EXPERIMENTAL WO RK 

 

The base metal (BM) sheet of 5mm thick AA6061- AA5083  

Aluminum alloys were welded by butting two plates and 

stirring them together with a rotating tool assembly  by using a 

vertical milling machine. H13 tool steel is selected as tool 

material due to its high strength at elevated temperature. The 

diameter of the shoulder and pin used were 24mm, 8mm 

respectively and length of the pin is 5.8 mm. A constant axial 

force is 5 KN applied  and tool onward  tilt angle of 1.5
0 

by 

varying the rotational and welding speeds with different tool 

profiles for all the FSW experiments. A mixture of ethanol and 

dry ice is applied to quench the plate immediately behind the 

FSW tool for rapid  cooling.  The tensile specimens were made 

as per ASTM:E8/E8M-011standard by using wire cut 

Electrical d ischarge machining to the required dimensions. 

The experiments were carried  out on a Vert ical milling 

machine (Make HMT FM-2, 10 hp, 3000 rpm) shown in Fig 2. 

 

Research Article                                                                                                                           Volume 6 Issue No.10  

https://en.wikipedia.org/wiki/Aluminium


International  Journal  of Engineering  Science and Computing, October 2016                                  2793                                           http://ijesc.org/ 

 
 

Figure. 2.FSW with dry ice as coolant on vertical, milling 

machine 

 

After FSW, microstructural observations were carried out at 

the cross section of Nugget Zone of weldments. it is normal to 

the FSP direction. This surface could be mechanically 

polished and etched with Keller’s reagent (2 ml HF, 3 ml HCl, 

20 ml HNO3,175 ml H2O) by employing optical microscope 

(OM). Grain  size is measured as per ASTM E112–13 

standards. The tensile tests were conducted by using a 

computer controlled universal testing machine. Microhardness 

tests were carried out at the cross section of nugget zone (NZ) 

by using Vickers digital micro-hardness tester. 

 

TABLE .1. FRICTION STIR WELDING PROCESS 

PARAMETERS  

 

Specimen  

 

Tool Pin  

profile  

Rotational  

speed 

(rpm) 

Welding             

speed 

(mm/min

) 

Tilt 

angle 

1. Cylindrical 

with thread 

1400 31.5 1.5
0
 

2. Taper with 

thread 

900 60 1.5
0
 

3. Square 710 40 1.5
0
 

 

IV. RESULTS AND DISCUSSIONS 

 

4.1 Microstructural observation  

Dry ice cooling was employed in process of Frict ion stir 

weld ing to reduce the grain size and to improve the 

mechanical   properties of FSW welded 6061 and 5083 

Aluminum alloys. On the basis of microstructural 

characterizat ion of grains and precipitates, three different 

zones have that are Nugget (stirred) zone, thermo-

mechanically affected zone (TMAZ) and heat affected zone 

(HAZ).  It was observed that the joints made by Taper with 

threaded tool pin profile resulted in very s maller equiaxed 

grains compared to a base material. The images of this 

microstructures projected at a magnification of 100x.  

 

4.1.1 Specimen 1  

 

In this microstructure TMAZ consists of a slightly elongated 

grain structure, due to the annealing affect of heat and heavier 

plastic deformation  of material around the cylindrical with 

thread tool pin edge. HAZ is affected by the heat generation 

during the welding process in which coarse grains were 

observed when compared with that of the BM.  

 

 
 

Figure .3. Microstructure distribution of cylindrical with 

thread tool at 1400rpm 

 

4.1.2 Specimen 2  

During stirring action of the tool which induces higher plastic 

deformation and heat generation between tool and base 

material. This is due to the mechanism of dynamic  

recrystallizat ion (DRX). The DRX usually occurs in weld 

zone (WZ) and thus the microstructure can be refined Between 

WZ and BM, small portions of thermo mechanical heat 

affected zone (TMAZ) and heat affected zone (HAZ) were 

observed. The grain size of the welded joints made by taper 

with threaded Profiled tool exh ibits very finer than the base 

material. 

 

 
Figure .4 .Microstructure Distribution of Taper with 

Thread Tool at 900 Rpm 

 

4.1.3 Specimen 3  

This Specimen3  was failed to observe the microstructure due 

to Hot tears are cracks due to heavy shrinkage strains set up in 

the solid casting just after solidification. Hot tears may also 

result from the non-uniform cooling conditions that give rise 

to shrinkage cavities  or groove-like defect caused by an 

insufficient heat input, produced by the abnormal stirring. 
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Figure. 5.microstructure distribution of square tool at 

710rpm  

 

4.2 Mechanical properties  

 

4.2.1 Tensile Properties 

 

The tensile properties such as yield strength, ultimate tensile 

strength and percentage of elongation, of friction stir welded 

AA6061 and AA5083alloy jo ints were evaluated with 

different types of tool profiles and presented in Table 2. The 

joints fabricated by taper with threaded tool exh ibits better 

tensile strength 191.62MPa compared to Cylindrical with 

thread 144.808MPa and square tool 177.95MPa. This may be 

due to the effect of fine grain  structure and annealing during 

the welding process and also effects the pulsating action. The 

percentage of elongation of taper with thread tool 6.75% is 

lower than that of the base metal due to the increase of 

deformation which is due to the microstructure changes in the 

stir zone and the optimum proof stress was obtained as 

123.65MPa with Taper with threaded tool Profile compared to 

other joints. Grain size will be decreased due to rapid cooling 

with dry  ice. These Properties could be evaluated by using bar 

graph. The hardness  profiles were evaluated by Vickers 

digital micro-hardness tester across the weld nugget is shown 

in Table 3.The optimum hardness77HV is obtained with taper 

thread tool compared to parent materials due to The hardness 

of the nugget zone is influenced by the annealing and grain 

refinement in pure metals so The average hardness of weld 

zone is found to be significantly  higher than that of the 

hardness of base metal and higher impact strength is 32J 

obtained at 900 rpm. 

 

 
 

Figure. 6 .computer controlled universal testing machine  

 

TABLE. 2. TENS ILE PROPERTIES  

 

TABLE.3 . HARDNESS AND IMPACT (CHARPY),  

GRAIN SIZE TES TS REPORTS 

 

Specimen  Hardness HV) Impact ( J) Grain size (µm) 

1 60.7 30 6 

2 77.03 32 5.5 

3 75.9 18 5.5 

 

0

50

100

150

200

250

Tensile 

strength

Hardness Grain 

size

Specimen1 

(1400 

rpm,Cylindrical 

tool)

Specimen2(900 

rpm, taper with 

thread)

Specimen3(710 

rpm,square 

tool)

 
FIGURE. 7 .EVALUATION OF PROPERTIES US ING 

BAR GRAPH. 

 

V. CONCLUS ION 

 

The effect of Dry ice cooling on Grain size and Mechanical 

properties of Friction Stir Welded AA 6061 and AA5083 Al 

alloy was successfully studied and one can be drawn following 

conclusions:  

 

 It was observed that the joints made by Taper with 

threaded tool pin profile resulted in smaller equiaxed 

grains compared to base metal.  

 It was observed that when tool rotational speed 

900rpm and traverse speed is 60mm/min with taper 

threaded tool having maximum tensile strength in the 

order of 191.62 MPa and Hardness 77HV, Impact 

Strength of 32J Compared  to other joints it was an 

optimal value. 

 The specimen3 which was welded at a rotational 

speed of 710 rpm with the square tool  was failed  to 

observe the microstructure due Cavity or groove like 

a defect. 

  

Specimen  TENSILE PROPERTIES 

Ult imate 

tensile 

strength 

(MPa) 

% of 

Elongatio

n 

Yield 

strength 

(MPa) 

1 144.808 2.7 115.63 

2 191.62 6.75 123.65 

3 177.95 5.88 130.611 
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Scope of Future Work 

 

Further studies may be done, by considering most of the 

weld ing parameters of FSW on Aluminium dissimilar metals 

will go with the taper with a threaded tool and Cylindrical 

with a threaded tool at 900rpm  and 1400 rpm. This could help 

to increase the usage of friction stir weld ing in the automotive 

industry. 
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