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Optimization of friction stir extrusion processing parameters for AA6063 aluminum
alloy using Taguchi method
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ARTICLE INFORMATION ABSTRACT

In the present research, the friction stir extrusion process as a novel method for wire fabrication from
AAB063 aluminum alloy was utilized. For optimization of the process parameters, the L9 standard array
of Taguchi design of experiment method was used. The important process parameters include: rotational
speed, force, tool face geometry and the die hole size as input variables and grain size and hardness as
quality criteria was considered. The tensile test, micro hardness and metallography investigation for
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Friction extrusion studding wire mechanical properties were used. The rotational speed parameter with over 63 percent
Optimization and after that the force with significant contribution percentage as second parameter was determined.
Mechanical properties The tool face and the hole size do not have sizeable effect on the mechanical properties and they were
Taguchi introduced as minor process parameters. By investigation of samples, it was determined that with

AAB063 aluminum allo . . PR N
Y correct setup of process parameters, defect-free wire with grain size over 23 times less than the base

metal could be produced. It can increase the ultimate tensile strength of 14 percent against of the base
metal.
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Table 1 Chemical composition of AA6063 aluminum alloy

Zn Mn Cu Fe Mg Si Al yais

0.01 00217 0.0012 0.148 0462 0413 9838 %
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Fig. 1 Tools and friction extrusion process method
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Table 2 The parameters and it levels of the FSE process for design of
experiment
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Table 3 Experiments arrangement according to L9 standard array

A jgy sk awae Jleelg (Shed cepm o)l
(mm) S N) (rpm) Siales]
7 ke 3000 300 1

5 S 4500 300 2

7 ke 6000 300 3

7 Ulo 3000 475 4

7 ke 4500 475 5

5 e 6000 475 6

5 ke 3000 600 7

7 e 4500 600 8

7 S 6000 600 9
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Fig. 2 Friction stir extrusion die A-scrolled and B- flat
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Fig. 5 Microstructure image of experiment samples according to table 3
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Table 5 Numerical value of the process parameters on the mean grain
size
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Fig. 4 Wire samples obtained from different experiment condition A,B)
defect samples C, D) defect-free samples (respectively 1, 2 from table
3)
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Table 4 Mean grain size of the samples
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Fig. 7 Micro hardness profile in the wires section, A and B are the
samples 4 and 9 according to table 3 and C is the base metal.
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Table 6 Numerical value of the process parameters on the micro
hardness of the samples
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