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ABSTRACT

Friction stir welding (FSW) is one of the most preferred
welding technique to join large aluminium structures for
transportation and industrial applications without investing
high energy. FSW is being extensively used to joined similar
and dissimilar aluminium alloys to attain better mechanical
properties. The FSW process parameters such as weld speed,
feed and depth of cut show significant influence on the
mechanical behaviour of the weld joint. In this paper AA5251
& AA6063 alloys have been welded through FSW at different
combination of weld speed, feed and depth of cut, for which
the process parameters ranges have been selected based on the
thickness of the weld specimen. The specimens are prepared
as per ASTM standards, and using universal testing machine
the tensile behaviour is characterized. It is observed that the
behaviour is quite dissimilar in nature while increasing the
feed rate at different speeds for varied depth of cut. An
appropriate combination of welding processes parameters to
attain maximum weld strength is identified by using the
regression technique.
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1. INTRODUCTION

Assembly processes  consumes  20-50 % of  overall
manufacturing cost for any product, selecting a proper
assembly processes to meet the function requirements plays
vital role in assembly processes planning [1-2]. Since several
decades, welding is one of the promising permanent joining
methods for the metals, metal matrix composites, metallic
structures without compromising the mechanical strength
and stiffness requirements Friction sir welding is one of the
prominent welding technique used to weld Non-wieldable
materials (Ex: Al7075) which are very difficult to weld by
using conventional welding processes[3-8]. Thomas et al,
developed friction stir welding in 1990s at the welding
institute (TWI), UK, even though friction stir welding was
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initially developed for welding aluminium alloys, later the
bandwidth has been expanded to copper, magnesium, tin,
aluminium alloys composites, steels and thermo plastics
materials with similar melting temperature [6,9-12]. Friction
stir welding has been found in various large scale industrial
applications such as (ship building, passengers trains,
industrial equipment and aircraft industry) [13-16]. Friction
stir welded aluminium panels used in ship structures (frames)
is shown in belowFigurel

: A L ;
Figure 1: AL-Extrusion Panels prepared by FSW[13]

FSW is an energy efficient and environment friendly
technique, since there no dust and emissions of gas during the
welding operation. Most of the welding techniques reduces
the mechanical properties of the weld joint compared to the
base metal. However FSW is proven in minimised mechanical
properties reductions, shrinkage, distortion and residual
stresses in aluminum alloys(2XXX,7XXXseries) [9-12]. Fine
recrystallized grain structure offers better mechanical
properties such as improved tensile strength, flexural
strength, impact strength, and hardness properties in FSW
aluminum joints [17-23,]. Several researchers have revealed
that the grain size at the weld zone of aluminum alloys can be
reduced by altering the front weld parameters such as tool
rotation speed and feed and their ratios [24-26,30, 31].

In this paper, an attempt is made to study the tensile
behaviour of dissimilar aluminium joints (AA5251 &
AAGB063 alloys) prepared at different combinations of
welding processes parameters weld speed, feed and depth of
cut.
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2. FRICTION STIR WELDING AND PROCESSES
PARAMETERS

Friction-stir welding (FSW) is a solid-state permanent joining
technique, where a non-consumable tool is used to seam two
work pieces without melting the work piece material. While
rotating the tool over the work piece, the friction between
them generates heat and soften the FSW tool near region and
thus fuses the two pieces and forges the hot and softened
metallic zones by means of the mechanical pressure excerted
by the tool. FSW is predominantly used on extruded or
wrought structures of aluminium and iron, where high weld
strength is main concern A revolving tool of cylindrical
geometry with a profiled probe is fed between two fixed work
pieces, until the shoulder of the toll meets the workpiece
surface. The probe height is marginally smaller than the weld
depth required for clean riding on the surface of the work
piece. The tool travels along the joint line at the specified
welding speed after the dwell time. Fabrication of a quality
friction stir weld joint necessitates the proper tool material
selection for the desired applications. The FSW processes can
be either done on conventional vertical milling machine or a
specified FSW machine. To carry out the experiments, a
vertical milling machine shown in below Figure:2a and 2b is
used.

Chuck

Wark Piece

Clamps
Figure 2(b): FSW of AA5251&AA6063 on
Machine to Perform FSW Vertical Milling
Machine
The work pieces of aluminium dissimilar alloys i.e., AA5251
& AA6063 are placed side by side on the plat form and are

clamped in the fixture to avoid any irregular moments of work
pieces during the welding operation.

Stainless tool is selected due to its advantages over other
ordinary steels such as less rust and more corrosive resistant.
The stainless steel tool is fixed in the spindle of the machine
as shown in Figure: 3. Square cross section is selected as tool
profile with depth of the probe as 2.2mm, 2.8mm, 3.2mm and
3.5mm respectively. Geometrical specification details of the
tool such as pin and head dimensions are is listed in Table:1.

Tablel: Specifications of the Tools used for FSW

S.No. Tool Specifications Dimensions
in(mm)

1 Length of the tool 100

2 Width of the square pin 3

3 Height of square pin 2.2,2.8,3.2and
3.5

4 Diameter of the shoulder 9

5 Diameter of the head 12

6 Length of the shank portion 55

7 Height of the shoulder 2

8 Length of the head portion 40

Welding process parameters such as Feed rate(18mm/min,
22mm/min, 25mm/min, and 37mm/min), speed(760 rpm,
1130 rpm and 1340 rpm) levels have been selected in
accordance to the machine specifications. To analyze the
influence of feed rate, at fixed depth of cut and speed, 16 sets
have been considered for experimentation. The weld
specimen are cut in to standard shape as per ASTM standards
as shown in figure 3(a) and 3(b).

§ jl‘“‘ ; Ii\:

Figure3(b): Tensile Specimehé aéij AST M_Standards

The tensile testing of 16 welded specimen were carried out on
UTM machine. The stress strain curves generated by UTM
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machine for the first four experiments is shown in figure:4.
The tensile strengths of 16 weld specimen at Depth of cut
2.2mm, Speed:760 rpm, and  different feed rates
(18,22,25and 37) are listed in table 3

Tensile stress (MPa)
Tensile stress (MPa)

00 02 04 06 08 10 12 14
Tensile strain (%)

ensile strain (%]
(a) At Feed Rate: 18mm/min

Tensile strain (%)
(b) At Feed Rate: 22mm/min

il

Tensile stress (MPa)

Tensile stress (MPa)

00 02 04 06 08 10 12 14
Tensile strain (%)

(d) At Feed Rate: 37mm/min

Tensile strain (%)

(c) At Feed Rate: 25mm/min

Figure 4: Stress Strain Curves Obtained from UTM for at Different
Feed Rate(18,22,25,37) and Depth of Cut 2.2mm , Speed: 760rpm.

Table 2: Tensile Strengths of Weld Specimen

Depth Speed Feed Ultimate
Of Cut (rpm) (mm\min) tensile
S. No
(mm) strength
(MPa)

1 2.2 760 18 49.15
2 2.2 760 22 52.25
3 2.2 760 25 55

4 2.2 760 37 58.14
5 2.2 1340 18 38.75
6 2.2 1340 22 36.21
7 2.2 1340 25 34

8 2.2 1340 37 32.54
9 2.8 760 18 47.68
10 2.8 760 22 49.15
11 2.8 760 25 52.13
12 2.8 760 37 53.22
13 2.8 1340 18 65.03
14 2.8 1340 22 60.12
15 2.8 1340 25 57.41
16 2.8 1340 37 55.58

Plots are draw between Tensile Strength versus Feed rate for
2.2 depth of cut at different speeds of 760rpm and 1340 rpm
as shown Figure:5. It is observed that the tensile strength is
increasing with increase in feed rate at 760 rpm and offered
highest tensile strength at 37 mm/min feed rate, however the
tensile strength is reducing with increase in feed rate at 1340
rpm. At higher speeds (1340 rpm) the tensile strength are
reduced compared to 760 rpm and offered lowest tensile
strength at 37 mm/min.

16 18 20 22 24
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Figure 5(a): Tensile Strength vs Feed 2.2 Depth of Cut
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Figure 5(b): Tensile Strength vs Feed at 2.8mm Depth of cut

To understand the tensile behavior at different depth of cuts,
Plots are drawn between Tensile Strength versus Feed rate for
the tool with depth of cut 2.8mm at different speeds 760 rpm
and 1340 rpm as shown Figure: 5(a) and (b). It is observed
that is the tensile strength is reducing at 760 rpm with the
increase in feed rate and increase in tensile strength at 1340
rpm. This behavior is quiet in contradictory nature while
comparing with the tensile behavior at 2.2mm depth of cut. In
order to characterize the tensile behaviour, multiple
experiments have been conducted with different
combinations and the resulted tensile strengths are listed in
table 3.

Table 3: Experimental Tensile strength values

S No Efegﬂ; Speed Feed_ UTsS
(mm) (rpm) [ (mm\min) | (MPa)
1 2.2 760 22 49.15
2 2.2 760 37 61.42
3 2.2 1130 25 44.36
4 2.2 1340 18 38.75
5 2.2 1340 22 36
6 2.8 760 25 27.56
7 2.8 1130 22 58.69
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8 2.8 1130 37 61.56
9 2.8 1340 18 65.03
10 2.8 1340 25 57.44
11 3.2 760 18 53.53
12 3.2 760 22 59.13
13 3.2 1130 37 41.67
14 3.2 1130 25 56.84
15 3.2 1340 37 53

16 3.5 760 22 48.8
17 3.5 760 22 61.01
18 3.5 760 25 51.03
19 3.5 1340 18 53.49
20 3.5 1340 37 44.19

3. IMPLEMENTATION OF GENERAL REGRESSION
NEURAL NETWORK

General regression neural network (GRNN) is one of
probabilistic neural network with the ability to learn in single
pass from the given example data. GRNN is a very powerful
tool to perform predictions for an unknown setoff input
parameters by using example data. GRNN has total of four
layers 1-input layer to receive input signal, 2- hidden layer to
processes nonlinear transformation,3-summations layer to
perform sum calculation using the outcomes of layer -2 with
proper multiplication factor and 4-output layer gives the
resultant outcome. GRNN has been successfully tested for
various manufacturing processes to establish relation between
processes parameters and the quality of the processes.[28-29].
In GRNN. Output parameter Y(X) can be estimated by the
equation (1)

TY exp[— D": 1
1 2o” )
YiX)= e (1)
3 -2
i-1 = 20° )
Where DX =(X - X, (X-X,) .. 2)

o is the smoothing parameter which influence the relative
error of predicted value, and n is the sample size.

From the list of 20 experiments randomly 16 set have been
chosen has training sets, the remaining five sets have been
identified as testing sets. Relative error between predicted and
experimental values are listed in table:4 for both training and
testing data.
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Table 4: GRNN Based Predicted Values and Percentage Error for
Training Data Sets

Dep
th | Spe | Feed UTsS . predic
S of ed | (mm Experiment
. (MPa ted
No | Cut | (rp | \min al value
) value
(m | m) )
m)
Training data
1 | 22 | 760 | 22 | 49.15 | 48.2223664 éé8873
2 | 22 | 760 | 37 | 61.42 61'6352033 '3%350
113 44.3526067 | 0.0166
3|22 0 25 | 44.36 5 66
134 36.4774058 | -1.326
4 | 22 0 22 36 7 13
5|28 | 760 | 25 | 27.56 27'23964853 261738
113 59.1085462 | -0.713
6 | 2.8 0 22 | 58.69 9 15
113 63.9046873 | -3.808
7|28 0 37 | 61.56 1 78
s | 28 134 25 | 57.44 58.1675932 | -1.266
0 1 7
9 | 32 | 760 18 | 5353 55.5461705 | -3.766
3 43
10 | 3.2 | 760 | 22 | 59.13 | 60.0712675 ;3'591
113 56.1154431 | 1.2747
11 | 3.2 0 25 | 56.84 5 31
-0.705
12 | 39 134 37 53 53.3741033 86
0 7
13| 35 | 760 | 22 | 61.01 61'5959652 '0'39665
14 | 35 | 760 | 25 | 51.03 50'09566075 1‘%2591
134 43.3887946 | 1.8130
15 | 35 0 37 | 44.19 3 92
Testing data
1|22 | 134 | 18 | 38.75 37.13415 4.1699
0 29
2 | 28 | 134 | 18 | 65.03 61.28851 5.7534
0 89
3 |32 | 113 | 37 | 41.67 44.48266 -6.749
0 84
4 | 35| 760 | 22 48.8 46.39781 4.9225
19
5 | 35| 134 | 18 | 53.49 51.76212 3.2302
0 88
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Figure 6(b): % Error for the GRNN Testing Data

The deviation between experimental and predicted values is
captured and plotted for the setoff experiments used to train
the GRNN training in the Figure:6(a) and (b) presents the plot
between % of Error for testing data which was not used to
built the neural network. From the Figure: 7 it is observed that
the % of error is -4 to 2 for training data and -7 to 6 testing
data, hence the network can be used to determine the tensile
strength for any set of weld processes parameters. optimal
combination of weld processes parameters with 3.5 depth of
cut, feed rate 25 and at 1130rpm is obtained with a tensile
strength value of 69.32MPa.And physical experiment has
been done with the same combination and found the tensile
strength of 67.14 MPa with a deviation of 3.24%.

4. CONCLUSION

Friction stir welding processes has several processes
parameters that influences the weld quality and its
mechanical behaviour. In this present research work
Aluminium alloys (AA5251 & AAG6063 ) are welded and
characterized at different combination processes parameters.
The conclusions from the present research work as follows.

1. Each processes parameters significantly effects the
tensile strength of weld specimens.

2. The tensile strength of weld specimen increase or
reduced with the positive or negative increment to
feed rate or speed of the tool.
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3. The GRNN is found to be efficient and effective
predication tool to establish relation between weld
processes parameter and tensile strength.

4. An optimum set of processes parameter have been
identified through GRNN and validated through
physical parameters.
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