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Abstract- In this study, Friction stir welding of Al 6061T-6 plate with accepted strength is studied with the help of 
preheating heat source of the AL6061 T-6 plate. Al6061 T-6 plate is preheated to 175ᵒ C, 200ᵒ C and 225ᵒ C before welding 
process. In two sides of Al plates preheating of friction stir welding joints is welded throughout without any un-welded zone 
resulting from smooth material flow by equally distributed temperature. Different preheating temperature are considered at 
the time of welding to simulate defect repair in the joint. Preheating welding process was developed for high strength fine 
grain structure of Al 6061 T-6. Preheating improves mechanical properties such as tensile strength, residual stress, bending 
strength, and hardness. Preheating in friction stir welding helps to improve welding speed, penetration depth, heat affected 
zone. The ultimate tensile strength of Al6061 T-6 plates with preheating is found higher than friction stir welding. This study 
includes input parameters such as tool rotational speeds in rpm (1000, 1200, 1400) tool geometry (straight cylindrical, tri 
angle, taper straight tri flute) and preheating temperatures (175, 200,225). The analyses of tensile strength, hardness and 
bending strength of the welding is carried out in this research. It has been observed by experimental analysis that preheating 
of material in friction stir welding can reduce heat generation between the rotating tool and the work-piece caused by 
friction.  
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I. INTRODUCTION 
 
Friction stir welding is a solid state joining process 
mostly suited for nonferrous materials, which are 
often difficult to be fusion welded without hot 
cracking and porosity. The process of friction stir 
welding widely used in aerospace, shipbuilding, 
automobile industries and many other industries. 
There are many advantages of FSW over to other 
welding processes such as low distortion, porosity 
and poisonous fumes. It also does not required 
consumable electrode and special surface treatments. 
Though there are few disadvantages    encountered as 
well, such as large down force are required and at the 
end of welding process exit hole is left behind when 
tool is withdrawn. 
The tool plays an important role in FSW. Tools is 
divided in two major parts such as shoulders and pin. 
The both have individuals function in welding. Tool 
is rotated by the tool holder of the machine at 
constant speed and feed and traverse rate in to joint 
line between two aluminium plates which shown in 
figure 1. Two Al plates clamped rigidly in to backing 
bar (fixture) in such a manner that it prevents abutting 
joint faces from being forced apart. The pin move 
against the work-piece that leads to heat generation 
between tool and work-piece, causes Al to be soften 
by several plastic deformation in the solid state 
involving dynamic re-crystallization of Al plate [4]. 
Preheating can be defined as heating the base metal to 
a certain temperature before welding [3]. Today in 
industries very high load applied on the rotating tool, 
which will lead to breakage of the tools. It is a major 
concern of higher consumption of the tool. Preheating 
of material before welding can extend the tool life, 

improve welding efficiency and produce ductile 
microstructure [25]. Cooling rate is inversely 
proportional to the preheat temperature and heat input 
due to the welding process.   
 

 
Fig.1. Friction Stir welding and microstructure of welding [25] 
 
In this research hybrid friction stir welding of 
Al6061-T6 aluminium plate to Ti-6%Al-4%V 
titanium alloy plate is studied. Hansur Bang et al [1] 
were analysed that gas tungsten arc welding torch 
used to the preheating of the friction stir welding. 
Authors have found 24 % of higher tensile strength 
compared to friction stir welding. Friction between 
the tool and work piece can be extensively reduce by 
applying high frequency induction preheating.  
Preheating temperature mostly responsible to the 
higher carbon contents and reduce cooling rates. 
Different preheating temperatures (25ᵒC and 150ᵒC) 
in hybrid laser welding tested cold cracking in the 
steel at room temperature is taken. In process 
ofpreheating the temperature was increased gradually 
from 25ᵒC and 150ᵒC. It has been seen that root crack 
development is lower at 120ᵒC, which is slightly 
increased at the 150ᵒC [2]. At the preheating 
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temperature 120ᵒC yield strength and tensile strength 
are nearly equal. When preheating temperature 
increased cooling rate decreases it also reduce 
hardening and reduce cold crack in the welding. 
Notch impact toughness at preheating temperature 
120ᵒC is better than the preheating temperature of 
150ᵒC [2]. 
GMA hybrid welding gives a brilliant quality of laser 
beam radiation than other welding process. It uses 
combination of laser beam and arc resulting improved 
welding speed, penetration depth, heat affected zone, 
and gap bridge ability. GMA hybrid laser beam 
welding provides lower heat input, lower distortion, 
small heat affected zone and less consumption of 
additional material [3]. 
The variation of the rotational speed of the tool 
resulted in a 51% contribution on the HAZ distance 
to weld line. Preheat is beneficial to increased 
temperature of the work-piece in front of the tool pin, 
making the material easy to be welded[4].Authors 
have analysed sequence of rotational speed (rpm), 
transverse speed (mm/min), and axial force (KN) in 
level 1 [1200,22,4], level 2 [1400,45,6] and level 3 
[1600,75,8] [13]. Five different tool geometry used 
(SS,SH,SO,TS,TO)[12] When the tool pin without 
screw thread the zone between nugget and TMAZ has 
poor properties because of the insufficient material 
flow and higher speed grade[16]. Weld Parameters 
pin without screw thread have most likely to arise 
void defects, which leads to lower tensile strength 
and the cracks [17]. 
Based on the models developed, the parametric 
studies and the optimization results analysed by 
Hansur bang et al [1] the ultimate tensile strength 
were 91% in HFSW welds by the Al alloys. 
Elongation of the HFSW increases two times higher 
strength of the joint weld than FSW. The hardness 
HFSW at the SZ and TMAZ was lower than the Al 
alloy compare to the FSW weld. Grains of the Al 
alloy in HFSW was finer than the FSW welding in 
the HAZ and TMAZ. It can also mixed and finer 
recrystallized grain with Al alloy and Ti alloy in the 
HFSW.   
 
II. EXPERIMENTAL PROCEDURE 
 
2.1. Experimental set up 
Experiment performed on the vertical milling 
machine having following specification. This milling 
machine is converted in to friction stir welding 
machine by designing special fixture mounted on 
milling machine table. The tool was attached to collet 
of 19 mm diameter. The friction stir welds have been 
carried out by using a properly designed clamping 
fixture that allows the user to fix the two sheets 
(150mm × 100 mm) of 6 mm thickness to be butt 
welded on a vertical milling machine.A tool tilt angle 
was selected at an angle of 0°due to the flat shoulder 
of the bottom surface of tool. The tools and rotational 
speeds were varied. The pre heating is applied with 

the help of oxy-acetylene gas flame before the 
welding of particular piece of material. In this 
experiment three different range of pre heating 
temperatures were taken and total 20 no of welds 
were made as per the RSM. Weld quality and tool 
wear are two important considerations in the selection 
of tool material 
In this research H-13 steel tools were selected due to 
the high hardness strength and higher thermal 
conductivity. Three different tools shape were 
selected for the machining process which are given 
below, 1)Straight Cylindrical Pin (SC)2)Tapered 
Straight Flute  Pin (TSF) 3)Triangular  Pin  (T). 
 

 
Fig. 2. vertical milling machine and tool geometry (1SC, 2TSF, 

3TF ) 
 

The base material for the investigation is AL6061-T6. 
The composition of the metal is shown in following 
table 1. The size of the base plate is 100mm x 50mm 
x 6mm with square edges. 

 
Table1: Chemical Composition of AL6061-T6 

 
 

Table 2: Mechanical Properties of AL6061-T6 

 
 

Table 3: Physical Properties of AL6061-T6 

 

 
 
2.2. Design of Experiment (DOE) 
A Systematic approach plan the experiments is a 
necessity for an efficient conduct of experiments. By 
the statistical design of experiments the process of 
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planning the experiment carried out, so that 
appropriate data will be collected and analysed by 
different statistical methods resulting in valid and 
objective conclusions. In the present work, the 
Response Surface methodology has been used to 
arrange the plan of experiments. In statistics, 
response surface methodology (RSM) explores the 
relationships between several explanatory variables 
and one or more response variables. The method was 
introduced by G. E. P. Box and K. B. Wilson (1951). 
An effective alternative to factorial design is central 
composite design (CCD)[20] requires many fewer tests 
than the full factorial design and has been shown to 
be adequate to describe the widely held of steady-
state process responses. Hence in this study, it was 
decided to use CCD to design the experiments. Hence 
the total number of tests required for the three 
variables is 23 + (2x3) + 6 = 20. Once the desired 
ranges of values of the variables are defined, they are 
coded to lie ±1 for the factorial points, 0 for the 
centre points and ±1 for the axial points. RSM also 
quantifies relationships among one or more measured 
responses and the vital input factors. The version 16 
of the MINITAB software was used to develop the 
experimental plan for RSM. Factors and Levels show 
in the below table. 

Table4:Factors and Levels\ 

 
 
III. TESTING OF SPECIMEN 
 
The Tensile tests were carried out on the fabricated 
welds according to the standard given by the ASTM 
E8M- 04,the welded plates are marked for the right 
dimensions and sheared manually to a width of 
100mm. Generally two tensile pieces are cut from 
each welded joints piece for accuracy. The specimens 
are noticeable for identification, the centre of the 
weld is identified and 40 mm mark is made to 
facilitate the measurement of elongation after the test 
sample breaks under tension the specimens at the 
marking  
The UTM machine used for tensile testing is a UTM 
system corporation manufactured machine capacity 
of 600KN the machine is a hydraulic powered. The 
UTM machine is very flexible and many different 
tests (tensile test, bending test, etc.) are run on this 
machine by changing various dies and rollers set on 
the hydraulic actuator. Hydraulic wedge grippers are 

used for the tensile tests. The machine has a capacity 
to work with different cartridges to meet the needs of 
the materials being tested. The cartridges can be 
changed with a little effort and some changes in the 
controller values. At the end of testing all pieces are 
cut from the welding points and tensile test were 
carried out. 
The hardness of the welded joints were measured on 
a Rockwell hardness tester. The hardness tester has 
an indicator and a rhombus shaped indenter to 
measure the hardness of the material. The load was 
set as 100kgf and the ball diameter of indenter was 
1/16”. 
After completing the experiments the specimen is 
tested for the bending test on the UTM.  Bending test 
has mainly two types: root test and face test. In this 
research face test was carried out.  

 
Fig. 3.Samples after tensile and bending test 

 
The microstructure study was carried out at 
characterization of either the shape and dimensions of 
the grains across the different input parameters. 
Testing samples were polished by polishing papers 
(Grit no. 150,320,600,800,1000 and 1200) with 
combination of the water and diamond paste (3-OS-
40) for smooth surface finish. The samples are etched 
after polishing for clear image of grain size. The 
killer etchant was prepared by 1% of hydro fluoric 
acid, 1.5% hydro chloric acid and 2.5% of nitric acid 
up to volume of the 95% of distilled water. 
Microstructure images are show in the figure no 4. 
 

 
Fig. 4. microstructure of welding 

 
IV. RESULT AND DISCUSSION 
 
Analysis of experimental data obtained from FCCD 
design is studied on minitab16. The model used is a 
full quadratic responses model and three input factor 
used to create the total number of tests required for 
the three independent variables is 23 + (2x3) + 6 = 
20.  Significance of the values is calculated from F-
values of ANOVA table. The significance of any 
term is establish depend on the p-value. If it is less 
than 0.05 for regression coefficients and more than 
0.05 for lack of fit values, gives a confident level is 
95%. Insignificant lack of fit is desirable because it 
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indicates that any term left out of the model is not 
important and unfit. 
Bending analysis was carried out to find ductility of 
the welded joint.  The crack was appeared in piece 

no. 2, 4, 15 and 16. Piece no. 16 was cracked before 
90ᵒ of bending, while the remaining three pieces are 
seen to be cracked after 90ᵒ of bending.

 
Table 5: Results Analysis 

 
 

4.1. Mathematical model for UTS and hardness 
(HRB) 
The mathematical model was formulated for UTS and 
hardness, which is given in equation 1 and 2 
respectively. 
UTS	 = 	−474.950 + 4.552(A) + 0.219(B) +
17.552(C)− 0.010 (A ∗ A) + 	0.000(B ∗ 	B) +
	9.460(C ∗ C) 	+ 	0.000	(A ∗ 	B) 	− 0.334(A ∗ C) 	+
	0.015(B ∗ C)(1) 
Hardness	(HRB) = 	−0.3545 + 0.7745(A) −
0.0461(B) 	+ 23.3909(C) 	− 0.0020(A ∗ A)) 	+
	0.000(B ∗ B)− 2.2727(C ∗ C) 	+ 	0.0001	(A ∗
	B) 	− 00.400(A ∗ C)− 0.0050(B ∗ C)(2) 
 
CONCLUSION 
 
In this research, AA6061-T6 alloy was welded by 
using FSW process. Three different friction stir pin 
profiles were designed to study the influence of the 
pin geometry on the weld strength and mechanical 
properties. Also the effect of different Pre- heating 
temperatures and rotational speeds is investigated. 

The effect of tool pin profile, rotational speed and pre 
heating temperature on the appearance of the weld is 
presented and no obvious defect was found. The 
surface finish of weld sample welded at higher 
rotational speed is better than lower one. This 
confirms that as the tool rotation speed is having 
greater influence on surface finish at the weldment. 
The results indicate that the pin profile effect on the 
mechanical properties. Among all experiments, the 
joints produced by using the tapered straight flute pin 
profiled tool at a rotational speed of 1000 rpm and 
175 °C shows the higher tensile properties than 
others. The tensile strength of the tapered straight 
flute pin reaches to 47.46 % of the base metal 
ultimate strength. The straight cylindrical and 
triangular pin ultimate strength goes to 38.9% and 
43.70% respectively of the base metal ultimate 
strength. The experiments shows that the pre heating 
effect improves the mechanical properties of material. 
The pre heating temperature at 175 °C reflects better 
mechanical properties than the higher temperature. It 
has been observed form the images that the 
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cylindrical pin profile tool has better microstructure 
than the other tools profile. 
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