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Abstract

In order to meet the global competition and the survival of products in the market a new way of thinking is necessary to change
and improve the existing technology and to develop products at economical price. This paper discusses use taguchi experiment
design technique for maximizing tensile strength of friction stir welding AA6061 and AA7075. In friction stir welding, the joints
are formed in the solid state by utilizing the heat generated by friction. The objectives of this study are obtaining friction weld
element of aluminium 6061 to aluminium 7075 and optimizing the friction stir welding parameters in order to establish the weld
quality. Effect of tensile strength of friction stir welding process parameter (Rotational speed, travel speed, axial force and tilt
angle) is evaluated and optimum welding condition for maximum tensile strength is determined.
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I. INTRODUCTION

Friction Stir Welding (FSW) is a new technique employed to fuse two or more metal pieces in order to improve its properties.
Depending on the tool rotational speed, Transverse speed or travel speed, and axial force the properties of the jointed metals varies
such as yield strength, tensile strength. Joining methods for similar and dissimilar polymer structures are used in industry. By this
process thick plates can also be welded with high productivity. FSW welds have improved mechanical properties compared with
fusion welds.

A method of solid state joining on a workpiece offers a tool pin of material harder than the base metal’s continuous surface
which causes relative cyclic movement between the pin and the base metal. The frictional heat is generated as the pin stirs the
workpiece so as to create a plasticized region in the metal around the probe, stopping the relative cyclic movement, and allowing
the plasticized material to solidify around the probe. In the field of welding, weld quality mainly depends on the welding type,
mechanical properties of the weld metal and heat affected zone (HAZ), which in turn is influenced by metallurgical characteristics
and chemical compositions of the weld.

Il. FRICTION STIR WELDING

A.  Working Principle of FSW

In friction stir welding a rotating pin emerging from a cylindrical shoulder is plunged between two edges of sheets to be joined
and moved forward along the joint line. The material is heated by friction between the rotating shoulder and the work piece surface
and simultaneously stirred by the profiled pin leaving a solid phase bond between the two pieces to be joined.
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Fig. 1: A Schematic black box for Friction Stir Welding Process
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During friction stir welding, advancing and retreating side orientations require knowledge of the tool rotation and travel
directions. As shown in the fig the FSW tool rotates in the clockwise direction and travels into left or right. The advancing side
is on the left, where the tool rotation direction is the same as the tool travel direction (opposite the direction of metal flow). The
retreating side is on the right, where the tool rotation is opposite the tool travel direction (parallel to the direction of metal flow).

Fig. 2: Friction Stir Welding Tool

The tool shown in fig.2 serves three primary functions:
1) Heating of the work piece
2) Movement of the material to produce the joint, and
3) Containment of the hot metal beneath the tool shoulder

Heat is generated within the work piece both by friction between the rotating tool pin and shoulder and by severe plastic
deformation of the work piece. The localized heating softens material around the pin and, combined with the tool rotation and
translation, leads to movement of the material from the front to the back of the pin, thus filling the hole in the tool wake as the tool
moves forward. The tool shoulder restricts metal flow to a level equivalent to the shoulder position, that is, approximately to the
initial work piece top surface. As a result of the tool action and influence on the work piece, a solid-state joint is produced.

=
fre Data
Tool Rottion Anrplifies Atqutiition
N Tool motizn e
/ -
-): lJut:!Z_'lL' 7

Worl, preces Stir peqe

Fig. 3: Friction Stir Welding setup

#. Taguchi Method

Taguchi methods are statistical methods developed by Genichi Taguchi to improve the quality of manufactured goods and more
recently also applied to engineering and other areas. Taguchi method is a systematic application of design of experiment technique
for the purpose of designing and improving product quality. The flow chart of taguchi method is given below in fig 4. Optimisation
of process parameters is the key step in the taguchi method to achieving High quality without increasing cost. This is because
optimization of process parameters can improve quality characteristics and the optimal process parameters obtained from the
taguchi method are insensitive to the variation of environmental conditions and other noise factors.

The main objective in the Taguchi method is to design robust systems that are reliable under uncontrollable conditions the
method aims to adjust the design parameters known as the control factors to their optimal levels, such that the system response is
robust. In contrast, taguchi approach is based on executing one large comprehensive experiment. This approach is not sequential
experiment and analysed by the term signal-to-ratio. Finally, based on this calculation, taguchi shows how to choose the ‘Optimum
condition’.
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Design of experiments (DOE)
1. Physical analysis and interpretation of the deep
drawing process

2. Indicating control and noise factors
3. Indicating experiment condition

Performing the experiments
1. Ordering the control factors
2. Selection and formation of the orthogonal array

Defiing the quality
characteristics and the
objective function

Performing the verificationtests
=y using the predicted optimal
condifions

ANOVA of the results and indicating the
significance of each of the effective
factors in the process

Fig. 4: Flow chart of the Taguchi method

Taguchi proposed that engineering optimization of a process or product should be carried out in a three-step approach:
1) System design
2) Parameter design
3) Tolerance design
11System Design
This design is conceptualization and synthesis of a product or process to be used that is this stage consists of new ideas, concepts
and knowledge in the areas of science and technology.
1) Parameter Design
It is related to finding the appropriate design factor levels to make the system less sensitive to various in uncontrollable noise
factors. In this way the product performs better, reducing the loss to the customer.
JJTolerance Design
Tolerance design occurs when products or process are established to minimize the sum of the manufacturing and lifetime costs of
the product or process. In this stage, tolerances of factors that have the largest influence on variation are adjusted only if after the
parameter design stage, the target values of quality have not yet been achieved.

I1l. EXPERIMENTAL DESIGN

Selection of Friction Stir Welding and their levels welding process where metallic bonding is produced at temperatures lower than
the melting point of the base metals. Rotational speed, travel speed, axial force, tilt angle are the most interesting parameters in the
friction stir welding. Process Parameter of FSW While the general principles of the effect of process variables on the friction stir
welding process have much in common with other welding processes, there are many factors which can affect output response.
The main process variables in friction stir welding are listed as follows:
— Tool rotational speed
—  Welding speed
—  Shoulder diameter
— Pin diameter and profile
— Axial force
— Tiltangle
—  Work piece material
— Shoulder and pin material

Chemical and Mechanical properties composition of aluminum alloys 6061 and 7075 which was used in the experiments are
shown in the tables.
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Table - 1
Chemical Composition of AA6061 & AA7075

Hardness (HV) | % of Elongation
6061 Al Si0.80 Fe0.70 Cu0.40 Mn0.15 Mgl.2, Cr0.35 Zn 0.25 Ti 0.15 Al balance 22 75
7075 Al | Si 0.40 Fe 0.50 Cu 1.2-2.0 Mn 0.30 Mg 2.1-2.9 Cr 0.18-0.28 Zn 5.1-6.1 Ti 0.20 Al balance 18 80
Table - 2

Mechanical properties of AA6061 & AA7075
Base Material | Yield Strength (MPa) | Ultimate strength (MPa) | Elongation (%) | Hardness(HN)
AA6061 334 180 5 105
AA7075 450 525 8 175
The process parameters workable range for the experiments was chosen in order to control the weld seams quality including
defects in the root, the type of defect more difficult to eliminate in sound welds.

Table - 3
Friction Stir Welding Parameter and their level
Parameters Unit A B C D
Rotation Speed Rpm 710 | 900 | 1000 | 1120
Transverse speed | mm/min | 28 | 35 40 60
Offset mm 2 2 2 2
Plunge depth mm 3 3 3 3

-A. Selection of Orthogonal Array

To select an appropriate orthogonal array for experiments, the total degrees of freedom need to be computed. The degree of freedom
are defined as the number of comparisons between process parameters that need to be made to determine which level is better and
specifically how much better it is.

Table - 4
Orthogonal Arra:
ExperimentRun | Level | RS | TS | Offset | P Depth | Tiltangle | UTS YS % | HV
01 A 710 | 28 1 3 2° 140.46 | 115.32 | 1.04 | 370
02 B 900 | 28 2 3 2° 162.35 | 120.45 | 1.20 | 355
03 C 1000 | 28 3 4 2° 184.56 | 180.62 | 1.60 | 295
04 D 1120 | 28 1 2 2° 240.78 | 21554 | 1.80 | 245

IV. ADVANTAGE AND LIMITATION

Taguchi’s design has wide-ranging applications, generally speaking, experimental design with OA’s (Orthogonal Array) can be
applied where there are a large number of design factors. OA’s for the design of experiments, SN ratio analysis, and cost guidance
based on loss function has made his approach increasingly popular among practicing engineers. The salient features of the Taguchi
methodology can be summarized as providing up front improvement of quality by design and process development, measurement
of quality in terms of deviation from the target problem solving technique by involving the whole team and etc.

The most severe limitation of the Taguchi method is the need for timing with respect to product/process development. The main
disadvantage of the Taguchi method is that the results obtained are only relative and do not exactly indicate what parameter has
the highest effect on the performance characteristic.

V. CONCLUSION

This paper clearly reveals the efficient utilization of technologies to measure, control and optimization of Friction Stir Weld process
parameters to obtain a good quality of weld. The accurate measurement of the FSW process is by conducting experiments using
taguchi of experiments. Taguchi’s robust orthogonal array design method is suitable to analyse this problem as described in this
review paper. It is found that the parameter design of Taguchi method provides a simple, systematic, and efficient methodology
for the optimization of the Friction Stir Welding parameters.
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