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Modelling and optimization of parameters affecting the tensile strength
and ductility of aluminum-based composite produced by FSA via RSM
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Surface composite, One of the new methods to improve the mechanical properties of surface layers is the friction stir
Tensile strength, processing (FSP). If the FSP process is carried out with a consumable material, this new process is known
Ductility, ) as the friction stir alloying (FSA). Therefore in this research, the Al7075 surface composites by using
Friction stir alloying reinforcing particles (Al,O3) were produced based on this process in accordance with the DOE approach.

So, the RSM was selected as the experiment design method and variable factors such as: tool rotational
speed, tool feed rate, tool shoulder diameter and size of reinforcing particles were determined as the input
variables. The results of ANOVA and regression analysis of experimental data approved the accuracy of
regression equations and showed that the tool feed rate, tool shoulder diameter and size of reinforcing
particles with linear and second-order effects, affect on the tensile strength and ductility of the composite
specimens. Also, if the tool rotational speed is set at 800 rpm, increasing the tool shoulder diameter from
9 mm to 15 mm will increase the tensile strength of the composite specimens by 17.97%. In addition,
lowering the tool feed rate from 60 mm/min to 20 mm/min and reducing the size of alumina particles
from 50 pm to 20 pum, will increase the ductility of composite specimens by 1.85% and 5.04%,
respectively. Finally, by achieving maximum value of desirability function (0.915), the optimal condition
of input variables was determined. In addition, the optimal condition has been confirmed by

implementing the verification test.
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Table 1 Experimental factors and their range of variation

“ . -y Ay sles Po )

YWer o Aee rpm N Sl Slhes e
Ve %Y+ mm/min S i Sarie 5
AR Vo 4 mm D Sl als jlas

A o Y. um p 0aiS o gy IS o3l

Sdiges g pdydlhasl 5 canS sl obj)l jskie 4 (Cpizren

2o 5 0 ale onnS ploniul ppe (aPLE 55 5 S A (el
S ol ol hagh )3 gy cnl 5l s se eslital " Job Sk
b slo e Glate 4 cadsg Gladiges Job obojl woye 5 ol

ol ol

Sl g5k ol -3
silel (ALl (s, lsie el e 3 gy G SRR
St a4 by Jlue 81 0 [¥0-TY] 5,85 o 3 coliul 5,90
ool polaal (63959 slayaiie 9 il Glo LLS)| 090 Gl haw
9290 (2l bl 5l el (on )85 (L () cnl 5o pad gl Gl
Ol g el () Jais b i degese 9 (V) Rl e ol
a5 00,5 oo oolaul pgo 4 e Jdo Djge 4 oaiiS o, bl (iegh

Dyl e aidgl i abaly g0 4

K K
y=.30+Zﬁixi+23iixiz+225ijxixj+€ M
i=1 i=1 T

Bij 55 aiye clpd Bii sl By (2ol jlade By <358 b5 50
o oonlive glas oo € 5 Jiies (gl yiie Sl K 31 ol cglpos
el Faly jo

ol bl Jelos 5 Galojl (>l jslate 4y eoliul 5,50 1531 0 5
oogesl Sipe 4 1, byl (Shb ¥ Jgar ol [¥7] VoS
Cp Sl Ole ol 5l a5 ams oo Lt il TV slaw b 5 oad (6,050
s 8l S5 o ) Byl (53550 ot 53 30]
oubinl Glas W Slxio AIT075 5UT (g5lwoole] jelaie
o S I3 e B> ollee cow [YA] AMSH6088
9y »480°C slos jo 5 el SO oo 4 ol ldoe lal o jslaie
G55 el Jslomo s et (sl 53T Sloxio s 05 plai] el
Gl Sllos walsl jo a3 $ )5 N eoo] Glles cou gl
5o ol plol ladad (g9, 5 120°C slos o 5 el Y oo 4y coran
Wad Sl o yme 50 3T Sl LY
SrSoshl @l 5 Logesl (b ¥ Jgux

Table 2 Design of tests and measurement results
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4 Analysis of variance (ANOVA)
° Regression analysis
¢ Confidence level

Surface composite

Fig. 5 A sample of Al7075/Al,0; surface composite (test no. 11)
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Table 4 ANOVA results of modified regression model for the ultimate tensile strength
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Fig. 9 The effect of N, S, and D variables on the ultimate tensile
strength
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