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Optimization of friction stir extrusion processing parameters for AA6063 aluminum
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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
AA6063 aluminum alloy . . PR N
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 0.1483 0462 0413 9838 %

Wire S

Torque

Die

Extrusion hole

~fr
AN

Compressive force

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
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7 e 4500 600 8
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Fig. 2 Friction stir extrusion die A-scrolled and B- flat
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Fig. 3 Friction stir extrusion process equipment’s
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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

b Egoe Comd oebls ggeme ez bl
CSlia A Sl by e s

64.907 12.39 73.021 6.281  12.563 2 Sygd Sy
4.2062 4,631 27.923 2401  4.803 2 g
1510 0288 4351 0374 0374 1 ...
5714 1.09 13.681 1.176 1.176 1 &3, s
3.607 0085 0171 2 s
100 19.088 8 Js

12 o )lais 17 095 1396 sl (w30 SilSo e

Sl G950 5 Shgs Sy 25,8 o ey (s iS00l (o) 2 50
288 psbplen el oy 10 sgam o wnl)d Lol jilly 9o plgie @
5 0395 (53lp0 SolS” b el b 51 o 5 gl o ools Les "6 s
Al gl (Sl RS 4 cos

gobe Dbl bl ang i (28U Gl (b i) 0
[17] g e dmslns "1 alal )" 5l ool b 5 ba el )l g
Yopr =T+ A4, -+ B, -D+ -+ D, -1) @
Lasgie 030l e "1 alal," o b zall S puSile polie cpols L8 L
wgid aid)S Sl 3 gy g Sligd S 25,0l &S alyd ol 4l
SRSl (18,5 55 50 )50 50 398 o0 dralons yiog S 15 logas
e (03l b Ll addl oo Bl e gobie S 0 6ped 4z
5% Jsl #ln 99 Gl @ fieg ;S 162 Jladie L4 ojleds (a5l )3 AcBy
b oo 2ol ey Koo 14.8 a5 digy @il ojlail Jlade M1 alayl,"

Sl ds aijg) Sl 5 955 Ol ke Jlas 5l S0l o iy
ke gy b T blie S Ll o)l @l ez BB 51 4y, b ax
S0 e ES il ams o GRS yieg S 13.9 U ) ange ails o5l
o &S Sl ooly £ dis dijg) Shad g Il e asais la el (Lo
2lo Jlaiie b oo (Rl oy Se 14.6 4 gy jlaiio ooy] Bl anslne
2 2y B e gl Bl acelxe b g oog 000 10 55 o jais ol
MGARE N PEOVERA RV

Caz oy oges ghie o LS @S Sy Bb bdiged (S
e jlade [12] axsdS wlidos ) cam o ab 6 Sl 59,
b el a2ls (3gpiu0 D9l s (2 )1 el 4 S35 Bl 5 5 50 50
388 (s e (n a8 g o e b ladiges )8 (e il 4 4y
e G SSsiee g asde BB o5 ol ons 55 "7 S
Sglas 5l sib Wlgh oo BTl aid cvwlive ails g 35 e 0SB
3 eolaiwl il ol 8 (699, oole laie 4 il g 0oly 5l solaiwl ylee
e ghiie lacwend plas jo SESleSs lSlen) sbml cuw Sl
oole 5 i (pled gl 4 abali (0205 s anld gled gl e
;s 370 5l alei] slacaadse 5l pliSoma o 5wl (g pSejll
ool (b Jl38le 5 pe (e Jlade als 3 L0 ySS el of 5l
Sz ABICID, islejl i o5 w08 et @l gy 9 SlsS
il e celis e s iSle e a4y ghius

40
35 A
Y 30 b
5,—25 A
g
Noag
_CE Force (N)
g 15 7 —t—3000
© 10 A
==l=A4500
> 6000
O T T
300 475 600
Rotational Speed (rpmy)

Fig. 6 Interaction diagram between the rotational speed and force
Flocl 5955 5 g oy Glos AT Jloges B 5B

180


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.33.5
https://mme.modares.ac.ir/article-15-3297-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1396.17.12.33.5]

LR 5 lon punls

52955 B9 bt AABOB3 poainesIT ST bluiuiil (5 kol o 39 yimST sl 33 Sl siolyly (6 3l dine

S5 b a5 95h e amie braigel (225 Slesl glaloged gy b
e SIS S LS il ) el Sdly JSb i
Gges g b 38 gl 1) oS alSovial Jloges 10 JKE" s 5,55
oo oo LS A
2 bk Grse Shes e Glleil (Ll @l 4 4z L

ol e bals pas 5y Jele ol oaleadl SWhasl o3 5ST anld
bl e e Standly S5 jenis alalyy Lo plonls Kz 531 el b
a5 5l 6 elr 5 (Senlns dsuome ol slap e ud Jlb com &5
3,0 g ooke o Ly i obul e Glhgd Cep [18] Sg g0 il
ey Shes ey Gl s b 5l [10]0s 3 e laals a
S hole Wl e a5 oas il g oole SWasl jl 3L &) il
Lsgie el Ky el ol celie i oplpls [19] wil bals o,

SRl G3a5ST auld )3 fee bl e lprear Jloel 5955
op s g Sy IS s Cow eole aS 1l Sl il
[20] 058 wls o3lasl alS o Wilgs g0 a5 Cl SYL 05 18 g iy
bulyd 4 Jleie anlp g 4l Gl (e aaST S gy GR1HIL
i halS a8 sl Jlaine wb 1) 4S5l Ll 09 se i (39S
Ol 5 ol (g ST Sy il 1ol 4 i Jlosl (5955 9>
Cils aolss 9529 Y sles jo wils wiy cga S

A8 bl (oo i b B 59, a8 Sl ) p Fge Jole Gaege
W D9dise Wh9) 3l gy Cuz odle iy Caaglie o leS 45y,
§ e Sy USG5 0ole 28,5 )13 SYL i Cod Ceaglie ()]
Sl s dw dijg, Skl mals ST Ll Ll als ojlul malsT Lslys
wlo ad) Cq (S slod g ploy 4 4z g5 b 0gd (59 ST S po s
50 ;b Cov Wilg oo At dijg, Sk cpulplo [21] ojls eeSae ases
55 )5l Lol el

s Sl ol 5 1y e 02558 I3 Sy dstin i
Los a5 alyd slal [0 g yle i b anl 3 alosl s o jls ool o]y
Sos 5 ouile by I3l gedaws s lo 6bo,lds 59,0 ool (s e el Sl
b o 22] s hos sdis 4 owj) Sl Sl
4 0gd o0 dbul sl sy e SKElasl wobs g I3l G Sl

200

160

120

[==]
=

Stress (MPa)

OPTIMUM

o
[=]
L

- ——BMm

O T T
0 10 20 30

Elongation (%)
Fig. 10 Tensile strength diagram of the base metal and optimum sample

Wty Saiged 5 arly L LS plSovial Jlogas 10 S

181

FogSee 149 wls ol (Sl 5 <85 18 myn Sy90 (39S
S8le s lawgy ool sostes ojlwl 4 e )0 93 5l iy 4T awl cewoay
23 age byl yo ails dasgio ojlasl cplpln o ls cpline (obesl (o1
Q@ diged HlSleg ) peal cwl adl gals b Gl L awlis ol
50 el 0 00ls Lol "8 S jo ladils o5l mue Sloges ol e
Jol> 5,50 601 L plyn (S5 Se laiie dadiged (B e (o)
5 ol csllae l38le 5l 5l Jol> 5,555 60.9 Jlade b as’ ol

Sl %3 e el 59 ol o obogl sy 5 ol ol
sokbie Gaed 4 aiiwd odd oudy sbpew Ho (Sl Oliogas
IS8 o ol s 5 4,5 15 S alosl o ez Sl (sladigas
abojl oy 5 oles plSoinl Jlade ygat ol 5o .l oo eols isles "9
12 oKl 3y b 33 o o3l 55 4l 518 5 ety Ll S ignd oo
039781 3 Jolo s (885 plStil Jlas [10] Lo 255 51 (5
Shie ang Lyl el ails gals al G e s (Sl
ol atsly ol gl 518 4 o w0 14l 4y panS plSoul
Sl sl fals b 5l 4 S o & (IS Jsb sbosl s (e
ol A28l Sy (6 paine loie @

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Grain Size (um)

Fig.8 Microstructure image and the diagram of grain size distribution in
the optimum condition sample

A byl digas jo ails ojlail m e Jloged g liSlu ;8 Sl

40
muTs

200 s

g HElongation | 34
150 F 25 g,,
=) =
: O
=
@ 100 SRERNN-
2 =
E L0 H

g 50
e F s
0 T 0

Optimum Base metal
Fig. 9 Diagram of the ultimate tensile strength and elongation for both
optimum condition and base metal

g age a0 Job Gralidl s ps g il ol gSlas Jloged 9 S
«b

12 o plais 17 095 1396 sl (w30 SilSo i


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.33.5
https://mme.modares.ac.ir/article-15-3297-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1396.17.12.33.5]

Obles 5 Slea panld

o956 Ob9) b AABB3 porinesT ST (bl S IShuol o 39 MianST Szl xS il sl 5 )w diss

Manufacturing, Vol. 28, No. 3, pp. 294-298, 2013.

[5] P. B. Berbon, H. William Bingel, R. S. Mishra, Friction stir processing: a
tool to homogenize nanocomposite aluminium alloys, Scripta Mterialia, Vol.
44, No. 1, pp. 61-66, 2001.

[6] F. Abu Farha, A preliminary study on the feasibility of friction stir back
extrusion, Scripta Materialia, VVol. 66, No. 9, pp. 615-618, 2012.

[7] 1. Dinaharan, R. Sathiskumar, Microstructural characterization of pure copper
tubes produced by a novel method friction stir back extrusion, International
Conference on Advances in Manufacturing and Materials ICAMME-2014,
Procedia Materials Science, Vol. 5, No. 1, pp. 1502 — 1508, 2014.

[8] M. Sarkari Khorrami, M. Movahedi, Microstructure evolutions and
mechanical properties of tubular aluminum produced by friction stir back
extrusion, Materials and Design, Vol. 65, No. 1, pp. 74-79, 2014.

[9] M. A. Ansari, R. Abdi Behnagh, Optimization of friction stir extrusion (FSE)
parameters through taguchi technique, Transactions of the Indian Institute of
Metals, Vol. 69, No. 7, pp. 1351-1357, 2015.

[10] W. Tang, Production of wire via friction extrusion of aluminum alloy

machining chips, Journal of Materials Processing Technology, Vol. 210, No.

15, pp. 2231-2237, 2010.

[11] H. Zhang, X. Li, W. Tang, Heat transfer modeling of the friction extrusion
process, Journal of Materials Processing Technology, Vol. 221, No. 1, pp.
21-30, 2015.

[12] G. Buffa, D. Campanella, AZ31 magnesium alloy recycling through friction

stir extrusion process, International Journal of Material Forming, Vol. 9, No.

5, pp. 1-6, 2015.

[13] H. Zhang, X. Zhao, Investigation of material flow during friction extrusion
process, International Journal of Mechanical Sciences, Vol. 85, No. 1, pp.
130-141, 2014.

[14] M. Sharifzadeh, M. A. Ansari, Evaluation of wear and corrosion resistance
of pure Mg wire produced by friction stir extrusion, Transactions of
Nonferrous Metals Society of China, Vol. 25, No. 6, pp. 1847-1855, 2015.

[15] X. Li, W. Tang, A. P. Reynolds, Strain and texture in friction extrusion of
aluminum, Journal of Materials Processing Technology, Vol. 229, No. 1, pp.
191-198, 2016.

[16] R. Abdi Behnagh, R. Mahdavinejad, Production of wire From AA7277
aluminum chips via friction-stir extrusion (FSE), Metallurgical and
Materials Transactions, Vol. 45, No. 4, pp. 1484—1489, 2014.

[17] R. K. Roy, Design of Experiments Using the Taguchi Approach, 16 Steps to
Product and Process Improvement, pp. 286-317, New York, John Willey &
Sons, 2001.

[18] Y. S. Sato, H. Kokawa, K. Ikeda, M. Enomoto, T. Hashimoto, S. Jogan,
Microtexture in the friction-stir weld of an aluminum alloy, Metallurgical
and Materials Transactions,Vol. 32, No. 4, pp. 941-948, 2001.

[19] K. Tahmasbi, M. Mahmoodi, Investigation of the effective parameters on the
mechanical and structural properties of aluminum wire sample fabricated by
friction stirextrusion, Modares Mechanical Engineering, Vol. 17, No. 4, pp.
78-84, 2017. (in Persian ..,

[20] M. A. Ansari, E. Sadeqzadeh Naeini, M. K. Besharati givi, G. H. Faraji,
Theoretical and experimental investigation of the effective parameters on the
microstructure of magnesium wire produced by friction stir extrusion,
Modares Mechanical Engineering, Vol. 15, No. 6, pp. 346-352, 2015. (In
Persian ..,

[21] M. A. Ansari, R. Abdi Behnagh, M. Narvan, Optimization of friction stir
extrusion (FSE) parameters throught tagochi technique, The Indian Institute
of Metals, Vol. 69, No. 7, pp. 1351-1357, 2016.

[22] W. Tang, X. Guo, J. C. McClure, L. E. Murr, A. Nunes, Heat input and
temperature distribution in friction stir welding, Journal of Materials
Processing & Manufacturing Science, Vol. 7, No. 2, pp. 163 — 172, 1998.

12 o )lais 17 095 1396 sl (w30 SilSo e

S osees Jol il Sliny awsts ki I sloos 36 s een
ot a5 e 2 4 a5 L o ) ooliad ol 50 o5
g ol oole (49,0 Il dgad Cdgpes 9 (Pu s bl e Il g ool

gdise aild okl Gzl carge

S 5 4o -4

O39S sl end ekt byl 5 bl ook 4 axg b

50 e sladiges 5 b b S S gimal Cudbye Ojgo a4 (SSlawl

Pl g e, eeyp b wiad oy cle] slacusise aea

Oiulej (b 15810 5 5l oolazul b oyl gl Jdod g ladiges (SlSe

0,5 Jols 5 sledbl 4 Sles

ol (e ial33l g ails o3lail malS s Jele (o Sete (Fygd Sy -
S e S yd By Sua g ails ojlail ol 1 1T il ly Judos
o o Glas 1y gl ol (gae,0 63 51 i

el (S e g Sl 2 Fee Sell ey (Jlesl 5505 -
2 Pl ) i S GESlen, gosed sy p el cnl 36

Jel 5o 5o 00 ange s ol & ABICID, Gl wuis -
14.9 b alo ojlail (ioles] Cumdge ol o a5 Conl odls astive

el il Gl 5809 601 B (g See g 1A e Ss
Gl bl 5B 4 ces p1 23 e 4 ails lawgte o3l calple
ol il
o S oyd 14 Jlade @ ange Ll 8 50 2le (S plSoetl -
S Ot 8 o ok Gl ey I e o g Gl Al

el 08,5 oy

&5

[1] H. S. Arora, Microstructure property relationship for friction stir processed
magnesium alloy, Advanced Engineering Materials, Vol. 16, No. 1, pp. 94-
102, 2014.

[2] F. Nascimento, T. Santos, Microstructural modification and ductility
enhancement of surfaces modified by FSP in aluminium alloys, Materials
Science and Engineering, Vol. 506, No. April, pp. 16-22, 2009.

[3] R. S. Mishra, Z. Y. Ma, Friction stir processing: A novel technique for
fabrication of surface composite, Materials Science and Engineering, Vol.
341, No. 1, pp. 307-310, 2003.

[4] L. Karthikeyan, V. S. Senthil Kumar, Investigation on superplastic forming
of friction stir-processed AA6063-T6 aluminum alloy, Materials and

182


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.33.5
https://mme.modares.ac.ir/article-15-3297-fa.html
http://www.tcpdf.org

