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Abstract - Design of experiments using Taguchi L16 orthogonal array was applied to study the effect of different process
parameters on tensile strength of friction stir welded joints. Different process parameters namely tool rpm, welding speed
and pin diameter were studied. Tensile strength of welded 5mm thick aluminum alloy 6063 was determined and it was
observed that welding speed, tool rpm, tool shoulder diameter and tool pin diameter significantly affected the joint strength.

Introduction

Friction stir welding (FSW) was invented by TWI in 1991 and has been observed to be particularly suitable for joining
aluminum and its alloys [1,2]. Some recent applications on FSW of steel have also been reported [3]. Additionally, friction
stir welding has been found to be an ideal process for joining dissimilar non-ferrous alloys [4]. Various modification of
friction stir welding including use of vibration has been reported to improve the weld quality [5].Various authors have
reported beneficial effect of using FSW compared to conventional joining techniques [6, 7]. Effect of process parameters has
been subject of great interest and many researcher have reported studies in this area [8-10]. This study reports the use of
Taguchi method to present the results of main FSW parameters on tensile strength of AA6063 weld joints.

Experimental procedure

A vertical milling machine was adapted to weld 5mm thick of commercially available 6063 aluminum alloy. The chemical
composition and mechanical properties of this alloy are listed in Table 1 and 2 respectively. Aluminum alloy plates
measuring 150 mm x 75 mm were joined together to achieve a 150 x 150 mm2 joint. Trial runs were conducted initially to
determine the possible range of process parameters. Based on trial runs, were levels of each parameters were selected and
these are listed in Table 3. Three tensile samples were cut from each plate and tested to ascertain the joint strength. Tensile
samples dimensions were determine din accordance with subsize geometry listed in ASTM E8 standard. Tensile tests were
carried out art a constant displacement rate of 5 mm/min.

Table 1: Chemical composition of aluminum alloy 6063
Mg Fe Si Cr Cu Al

0.4 0.4 0.6 0.15 0.1

balance

Table 2: Mechanical properties of aluminum alloy 6063

Ultimate tensile strength Yield Strength Elongation Young's modulus
(MPa) (MPa) (%0) (GPa)
210-230 170-190 10-12 69

Additionally, two samples measuring 25 mm x 150 mm were cut perpendicular to the welding direction for rough polishing
and bend testing. Since, the milling machine was manually operated and it was difficult to maintain a constant tool plunge
depth. Three welds showed the presence of root defects after U bend testing.

Table 3: Process parameters and selected levels

Parameters Level 1 Level 2 Level 3 Level 4
Welding speed 45 60 75 90
Tool rpm 200 250 300 350
Tool shoulder diameter 10 12 14 16
Tool pin diameter 4 5 6 7
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Results and discussion

ANOVA analysis of the welding experiment was conducted using standard spreadsheet software and the results are shown in
Table 4. It was observed that welding speed was the most significant factor affecting the joint strength. Increasing welding
speed results in reduced heat input per unit length of the weld and improves the tensile strength of the joint. As can be seen
from Fig 1(a), the increase in strength is not substantial for highest welding speed. This can be attributed to presence of
defects/ improper joint formation due to less tool rpm values, not commensurate with very high welding speeds. Fig.1 (b and
c) show a reduction in reduction in tensile strength with increase in tool rpm and shoulder diameter due to increased heat
input. Furthermore, too much plasticity on account of higher heat input also increased the flash and in accordance too much
material was extruded out from the weld nugget region resulting in defects inside. In case of pin diameter the contribution to
heat input was less and best results were achieved for 5 mm diameter value.

Table 4: ANOVA for mean effects of parameter

Source DOF Seq. SS MS F %Contribution
Welding Speed 3 1.1 0.36 10.5 41.8
Tool rpm 3 0.51 0.17 5 19.7
Tool shoulder diameter 3 0.45 0.15 45 17.6
Pin diameter 3 0.43 0.15 4.4 17.4
Residual error 3 0.1 35
Total 15 100
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Fig. 1(a): Tensile strength as a function of welding speed
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Fig. 1(b): Tensile strength as a function of tool rpm
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Fig. 1(c): Tensile strength as a function of tool shoulder diameter
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Fig. 1(d): Tensile strength as a function of tool pin diameter
References

1. Keivani, R.; Bagheri, B.; Sharifi, F.; Ketabchi, M.; Abbasi, M. Effects of pin angle and preheating on temperature
distribution during friction stir welding operation. Trans. Nonferr. Met. Soc. China 2013, 23, 2708-2713.

2. Priti Tanwar and Vineet Kumar, "Friction Stir Welding: Review", International Journal of Enhanced Research in Science
Technology & Engineering, Vol. 3 Issue 10, October-2014, pp: 172-176

3. Karuna Sadmai, Jesada Kaewwichit, Waraporn Roybang, Nut Keawsakul, Kittipong Kimapong, Microstructure and
Tensile Strength of Butt Joint between AA6063 Aluminum Alloy and AlISI304 Stainless Steel by Friction Stir Welding",
International Journal of Advanced Culture Technology VVol.3 No.1 179-187 (2015)

4 Yong Zhao, Sheng Jiang, Shaofeng Yang, Zhengping Lu and Keng Yan, “Influence of cooling conditions on joint
properties and microstructures of aluminum and magnesium dissimilar alloys by friction stir welding", The International
Journal of Advanced Manufacturing Technology, March 2016, VVolume 83, Issue 1-4, pp 673-679

5. Sajad Fouladi, Amir H. Ghasemi, Mahmoud Abbasi, Morteza Abedini, Amir Mahyar Khorasani and lan Gibson The Effect
of Vibration during Friction Stir Welding on Corrosion Behavior, Mechanical Properties, and Machining Characteristics
of stir zone , Metals 2017, 7(10), 421

6. Gurmeet Singh, Amardeep S.Kang, Kulwant Singh and Jagtar Singh, "Experimental comparison of friction stir welding
process and TIG welding process for 6082-T6 Aluminium alloy”, Materials Today: Proceedings Volume 4, Issue 2, Part
A, 2017, Pages 3590-3600

7. Ankur Gill, Bikramjeet Singh and Gurpreet Singh Chahal, "A Comparative Research b/w Friction Stir Welding Processes
and TIG Welding Processes for [A6061] Aluminium Alloy" International Journal of Advance Research, Ideas and
Innovations in Technology Volume 3, Issue 5, 2017

8. V. lJaiganesh and P. Sevvel, "Effect of Process Parameters on the Microstructural Characteristics and Mechanical
Properties of AZ80A Mg Alloy During Friction Stir Welding", Transactions of the Indian Institute of Metals, August

@IJAERD-2018, All rights Reserved 1667



International Journal of Advance Engineering and Research Development (IJAERD)
Volume 5, Issue 04, April-2018, e-ISSN: 2348 - 4470, print-ISSN: 2348-6406

2015, Volume 68, pp 99-104

9. L. Shi, C. S. Wua and H. J. Liu, "The effect of the welding parameters and tool size on the thermal process and tool torque
in reverse dual-rotation friction stir welding”, International Journal of Machine Tools and Manufacture, Volume 91,
April 2015, Pages 1-11

10. H. Shirazi, Sh. Kheirandish and M.A.Safarkhanian, "Effect of process parameters on the macrostructure and defect
formation in friction stir lap welding of AA5456 aluminum alloy", Measurement Volume 76, December 2015, Pages 62-
69

@IJAERD-2018, All rights Reserved 1668



