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Abstract

Optimization of Stir Friction Welding parameters such as linear and rotational speed of the tool
can be effective to alarge extent in improving welding properties. In this research, welding of two
sheets of Aluminum of Al-7075 and Al-6061 were validated based on theoretical relations and
numerical smulation. The simulation of the contact characteristics of the workpieces with the tool
was done using the contact agorithms available in the Ansys software. From the FEM, rotational
and linear speed and diameter of the tool were selected as design variables, and multi object
optimization was carried out with genetic algorithm and RSM to reach the lowest tool temperature
and residual stress.The parametric analysis of FSW of the threaded and non-threaded tool pins
showed that the generated heat has proportional and inverse relation with rotation and linear speed
of tool respectively. Tool with a diameter of 20 mm showed minimum residual stress in the
workpiece. By increasing welding speed, the temperature curves become more compact and the
effect of thread on heat generation was more evident in all cases at lower heat input.

Keywords:. Friction Stir Welding, Multi-Objective Optimization, Al-7075, Al-6061, RSM Method, Genetic
Algorithm Method.

*Corresponding Author: behgozin@yahoo.com



mailto:behgozin@yahoo.com
http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-10]

[ DOI: 10.47176/JWSTI.2023.02 ]

2676-6787 1 S5 S uls | 2476-583X 1L

@ S 509 (59 g pols 4 pud

jwsti.iut.ac.ir
1402 skl 5 5lg dojles cr@-" Jl u!{!o’/gfu’ﬂb'ﬁr}“

GHWoe o Iyl Siloduw

Sy ol oygkie W (Silwdug

RSM  Al-6061 g Al-7075 ST _iliiél- (Kt

1 Cle (s *2 1 . 1 ...
SIsldl (B Lo jhesme e (9770058 4y et (07 ol el (508 ons

Ol Gl Gl el bl l5T sl ¢ pdige 20l (Sl 05 5 -1

Ol Gl gl 5 b ol Glad b g b o dSils (S 05 8 -2

1402/01/15 1l 5 3 + 1401/11/26 1 dlie 20,5

oS>

. %

235 Bls Sy S Gl e 00 Kl il Shss s et S Dmmes L Sl ) gl bl gleag:

S50 830 Siluand 5 6558 Lalsy elal s Sdes 4 Al-6061

SAISTOTS o pon JT3UT 53 51 Gs 53 SE g Gl cpl U3

a8 el ANSYS L1l e 5 53 3 g owled a8 Sl ealinal b1l b ySandsd el Slos past (g3land .23 5513 anlllas

6)L.v4~:.€_>‘cwl.ida.~uij)j&:bj vb)ﬁl u;;j)l.:juLzbl 67-\)19 61.;&):3.2,40\‘5&@)]}.:]6]4})&\)}:@9).# ‘}j.)\?:ﬂdl.&.” JJA
Gl sl 5l Sl s s Sl Gl ciliie gla lad U oasdad 5 Wley 55 il sl o S (gl wdda e

l.gw‘}gxag,\?mjje;ﬁ )]JJ] ujbj: C_,&J.xl.:leA 6.)»_“}3 6&;45.)&:@ ol 695 Q)Juj)]:ej));mb&ﬁw‘—&sml

CS o s il L iman (e e e |y dnda 3 Llews 55 op 56 j2e L 200 had W (gl l Ol sy il s cs

Jm;\:dcjws S99 Q‘)]J?'LJQYL? B 6.)\?8}3 Q)lJP- 6}\)1.:‘)11.:‘ B ej)) J.ﬂj ol J:J‘OQJ..;.é Ls_)Ld} L.SLAJN c‘)lj.)lhgla?.-l.: dbb

335 Okled

S r:wﬂ oo b e 2, BO0BL-AI Al=T075 s s (5l g (Sl Saol (¢ S i | ghdS DllS

Ll I s Jlasl daaly 4 s VL <=l_<_>=:.w\ B)
Soeslinal gl placd iy s Olides |l L e
3 b Oammen S slse sl Al ol o8l il
Lol s S ole 5l (Gl O s s Y
Sl oo edd sbwl ol sl Shol b

behgozin@yah00.com : S 5 2SI S ¢ ghms ko 5

dodie -1
3o ks By S olix SBhol g e
SNgo s e oo paimesdl ST Jlail 6l ol
" Skl i s Gl osd dkE Lol

il s Wlews 55 ialS e Sblse slls alazed


mailto:behgozin@yahoo.com
http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-10]

[ DOI: 10.47176/JWSTI.2023.02 ]

19 17-29aie 1402 O\:—.A.U K) )LQ clo)\.o.fi cr.qa' Jl c;}‘ﬁ‘ ‘SJK..‘Z‘,:.- ‘5)3\:3 K) c‘,l.ﬁ« Aij.i'd ‘Qb\gw.h K) ‘5)\._-4 )

S350 S Folpl slash b Shos b i Co s
350 Otk @ bgpe Sl ode Koalad (655 5 o
el o3lizl

5 adils by el Sl (goldde 5 e ankad 551y oy (35
Sl 5 00,5 gush Om Sey Saed 3 e S alKCa
Sy 3,8 e IS Jail (olalad D s
Pl e Sl 2l sl b olizit S
o ‘(6)‘-<—~5’ﬁ' v-‘;—“) T S e B G ov
B S LIS SR O PV S B FP
Ll ol B g5 asdad sl S350 S5

093 4 3lpe OAS bl 5 oS - sl oy A0S >
ey S ol oS Esl B 0l 5008 e 0
ey oo 3 S 5 () e s oy e
33,8 o (5 00) o3 e 53 ey b e
Sl |y opd o VL los A5 Cmge o SVL G
Sl G 5 04 bl 5 i SRl b S s
Jn Sl 358 B Ol b s 5 sle S 055 e 05
S o e 8l )y 5 S askd <l

sle S as cabs Hlatl Wl oy i o S Sil58I L
2 Sl b s el Gl et s a5 g8
ot i (513) e Sl Sl 4z s 16
Uil 5l S s ps o Eol o5 o 5o JSankd 5
by Ol cty g ey s Sl 3l e bl
& SeB Ges aen 33,5 Jols Oleebl (sl
bl gl o g 0355l Sy G IS anlad 05
i sle AL 0 S 358 Gee oS ol Ll el -
i S iy Sl S A A s Dose
Lo s sladUls Ly g w55 5 0350 25
33 358 Gas &S a8 505 e Lol o)Ll e
odd - Sl i 055 B 5 0L Dyl sl 4 e ASL
S Jee 03 G el o e SHL sl
(it Sl ol (8 dul b ash 52 sd e
oS e (el ol a8 Sl addlas 55 1l 5

Ol Sy S e G S AL JSarlad 5 S
Sl o S8 axkad o ol W5 ol > 0L ol Al b
Jlail sl gl IS o31l & 3l5m B 3z YU IS Ol &
Sl B e a cl oY b Sl gt el Ly
Sor ol 8 cod aml g edid s e B L
ST sl

B 80 o3 suoee 3 dul b pl ahows 4 o sl ol ar s
o33dome | 53 5 edp il osd gl sass 90
Sladolp s & ob) mlrsel 5 GG Jald (ol
OSas A o S 53 L el els (el Jems 053 B
olingl SKhaol (e dulp s ool 0L il s
2 K s Skl dews 4 Vsl
2 g bl (S o Il 5 S axkad

(kS gl B Cage (S35 S axkd 3 el sl ol >~
O askad s 2l el 5 Ll (25 Olpe 5 bty IS
G ol S 0T L s o b e
(20 S sl by 4 e (alizh Sl
A S s Lbls S 4 038 Cpae (%S (655
el S5l G Jas b5 2SI (g5l oS

S 0 1 psrie I SWSUIT am 015 o 25 cnl b
s oges s Ol plerd S5 03,5 oa
503 i S w y woslie LS 5 L oWSUT 015
oo S B (S e lacinss ¢l
s S w0l glassS s KT

aa G S 01 S s oS Gl @l b a3
e ) L et o b sl sy il
U osgad slowl ankes 5 1l o Ssl 503 S &S > G
o2y andad g3 5l5e o e dle @ ol ol US4 e
Sl ol s edes A5 sl S AS o st 5 el
s o (1) i,

Q= nwFK (1)

mcMJ&wd&k@‘;ﬁj@UmMJﬁj}SLgU;Qﬁ


http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-10]

[ DOI: 10.47176/JWSTI.2023.02 ]

17-2942“ c1402 gl:_.a,l: 9 )LQ clb)t».fi ‘V'é JL» c;}‘ﬁ‘ 6)&..‘3‘,:.- ‘5)3\:3 9 c‘,l.ﬁ Aij.:a' ‘Qb&qﬁ 9 ‘5}\:3 w"?.u 20

oo Ol Sl 5 b g (ileand w5 ulal
Ol Olpl o a4 (2 o Lo e G RIBIL &S S
Aoy Pl adate slal 50l min il sl 3 olse
Sy oo 53 350 0L 5 Dyl am s ST 5l e
e oSG O 2 e SIS ol sl ps 5 3l L
S oh SR gy 5o e e ol 5 e GBI o
.[6]

Gl Sl 0l B SIS o3k sy S e
Aol A5 ) 6061 o pee T szl SShaw
25 i 31 S sl JSandsS 5 il o el
Sl e 45 38 oLl Ul e 4K pl w edel s
ssb s oo il Wl en sl 3 slge OOl 5 el sl
[7] A S2l8 s g L IS

e A I s Sl oy oo amBpe 3 s 53
oS A S asie alieh SKhol g wl s s
S35 S Rt Sl Eely jame Sl ol o Ll
Sl e 0 VL el 5 (S g 6l L 2
L8]t s GOs o

- SKhol e gy s [9] OLes 5 e
Coyo 4 g e O Culses L IF 5N Gy aliz
Sl ol B Llesls I3 s 250 ep Sy
2l 2S U3 aadles Lol illagy ity YLl
S A5 Gss S RIS L A s e 0L
ol o SVl S ol Gl g i
it S Sllllas ¢ by S s Ll
- Sl S Sl plal L oS dias e 0L 3
Sl Sl slaadd e 5o (g, dF SNV g5, p Liz
oS sk & ol S 5 Gl A s s ssi e
Jole 5 odd Jte itk SISkl K2
S &3 9 ity Lo 3l 03Le 0L o a5 0305 OLLS (g 5luacd
Gt & gy S 3| 3lge S J 3 e 5L 5 e
S 3 (e o ln Glas 5ol ol US eS 5 iy

ol oi3 S @yl eslizal 3550 55l S sd Cvw Olse
Ly 5t CdS oS ol OF 51 S ael oy il
L] 5l oo a3 0 51 e lsesss o Sl eslinal
AR Gy S s Glogs S S S0s i 53
545 5 s 3,50 5456 oo JTSUT Ll 3
- S8 ol al b S el OF 5 Sl ool s =
DAs S (s e 3 OAE s sl iz
St el gl Ol n ) oomen 5 bl
St 8y B 5 53 e il S s s
oealS 5 asls o3lusl S s o Dol Sl
NGV [P Vo o)

LS o Gl Gt S Rl ) e
Ladls Ay ooy 550 0 ool 5 ol Lol 3 (635,55 D)l >
ol 2alS wls o3l ams s 5 ookl GBI 6 58 e b
[2] b o I8 e

~ Sl S Al el U id b
54,5 13 s 3550 T075-T6 oy JT 5T ilied
e <=J_ch\ 33 cl_<.>=:_w\ R4S das e Ol cl:q
3] el eslil Bt Ladils O 5, 5 e

33de Ol e o, 5l eslizad L [4] oL Kes 5 SUL
- S ol Sl s 1) ey e e IS0 6
03,51 Gy La0T Gda 5 Lsls 13 ey 5550 olizél
sdal Sy sl o3 0k Il g S
Jb s il gla s Ole 5l oS ol ol ) SOl
S o Gl ) xS S5 Ol o sl e
ey Do g iy S 3 (6 ey Dl 5 Sl al
33,5 (g0 S pate gy Zoa3

sly O OLHLSaay gy ol (g5wdds sl )
GBI G e S L Sl S S
Sl el 5l g dol e Rl 55 oley (Rl L s sl
Loosde Olusis glasel b 5 ol )l 55
P2 Ll o S i SOl A il
[5] ks


http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-10]

[ DOI: 10.47176/JWSTI.2023.02 ]

21 17-29aie 1402 O\:—.A.U K) )LQ clo)\.o.fi cr.qa' Jl c;}‘ﬁ‘ ‘SJK..‘Z‘,:.- ‘5)3\:3 K) c‘,l.ﬁ« Aij.i'd ‘Qb\gw.h K) ‘5)\._-4 )

- SWhol (Kh el b ok gilueand Je -1-1

il
b S sdemy Pl ol (20 35dme OLI Jus
ol L;ujlp\@; ol S S Gla i b o s oo
Sloterd 5 ol Sl (e Sl pane sk 3 5dos
3Gl 03 ks 3 )8 wdige g0 28 Bl (30
Slese 5 Aol (gleand gl ANSYS (ol 15 5
o Il o8 53 ol o oslinad slizeb Sl i
Do Al eslial syse o sl WLE Sl s
s g b e ds o ilizb Sl
b ladle a5l > dbe s 5 Gua Lol
S SBhol il e 00 wised e wBl RS
(T) LA Ll Ol (ool = s o ool alizil
Dol L (X,Y,2) olas Sl o) Ol 5l ol &) seas

1] 55 n 035 e (oS5 a0 g e s,

k(azT 92T 62 ) Ous = Cpa—T )
dx? 6y 622 at

C o s )= 55 &5 Qe il o) 5o &S
Cols oo kg s p oy sSadad ony sl S o b
sl ()'3} ol a by il G o5l S~
05 5 eam i doly Ol dxly 5y e sles Ll
Al J#
g e DL ) Olathe jame g 4w 3 Colia
Sl JUEl Gy aaka s g5 o)l IS s ol

Jsl s colaa 28 b dsles (pl 55 jm LS dalso
)‘J:LA Ajélaﬂ Cw‘ ‘5\}_‘ C,‘.w‘ I w;jb)) Q)\j}
JUEl s mdadd A8 edd (55 5 edd w8 S ks
)‘f‘@bﬁd&kﬂ‘)\f\;cﬁﬂ))ﬁ“.@}:Q)\j}
S ekl Saadly Ko s amen 5 jSandad 5 (oK g
ol J.S.S}: Q)\j} c[2_4] J.‘."“:“.".'»'- le.k.ﬂ L' L;Lk.ﬂ Cz.u-"

Gl )3 (G Ay Sl el Jool oMbl 4 a5 L
Sy g 55 Dope 5 a o (SOl s Lol
IR W G Do 4 e 5 48 15 o 5
3 lizih S ol 65 s il sl L 6
Lol ol astls 5 gowie o 5 5l30 55, n DI 53 s
I Sa g 09 48 a5d e edalie Olids aly sadlles
Sl gl o5 s (gaie gilwans (oladlas
sl e gl Mo 5 alizth Saol )80
D |l Olead oo ) it 5 Sl e
Cotly Slaoldl ) gabdador giluag romas ol
e oLl e 4 slink SKhol o K8 e s
Sla i ialS U Gl slagg 850 s il Olabl
S Py pl e s b sk 4 S axkad Llensy
A sl 4 Gods ol slagsosl s e

e a2 sl 4 ol o e lis () 3
et e il il Skl 6K Ayl b
Ui STl 3 L3 Sl e s Il i e e
2 U 538 B e a0 0535 O3 e 5 1255,
0305 5,8 sy 350 S Dose a bl Sl plas
ol (ledde Ll i ol Sl S gy Sl raman 050
.Jiajf IR

Sl agdeee Ol (Giluand b s e 5055 Lails,y Iaal o
R g G TRy B e
Gl Al b (ilwand 5 L3S abes Aol B (5
Gty Op¥pep Loy A ) il Sl
el 03 8 s lze]

5 el phe G e e e bl o
- SEhsl E lp leae 85 Sl
e S G s sy ol s 53 A3 ool ilized
S Azl b sl sl Blowy 25 1S 5 1l sles
Sl sl sl Job mls ol il Sl
ol 35l (S5, SlMe p eS b g Glss 5 et s e

C,‘.w‘ n.Li' u,::.ﬁ )‘j"\ j"


http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-10]

[ DOI: 10.47176/JWSTI.2023.02 ]

17-29425«0 c1402 ql:..a,l: 9 )LQ cla)l».-: ‘V'é JL-: cb‘ﬁ‘ 6)&:.‘,;_- 6)3\23 9 c‘,l.ﬁ Aij..l'a' ‘bbm 9 6}\:3 &:’-“ 22

)|j_A8 C)M)Jjaumﬂﬁ@wdmb)zu:@
g el 3 ge SIS aakad 30 S 5158 64 5 OLI

)97 S
YUy sy

---------

w92

il = SWlaol i dl b Soles nll =1 K

SSasks sl50 gl JS 53 ol SNl S el ets 55
S ramen s e o Saskad mhe 5 5l piaen
W eoman 5 s Sl gy S S Oyl > SO
allas b Gillas &5 )l sy mlald Do 4 D)l
S ol 1] sl 053 03 51 2es 0S5 Sowiy S
N PR QPO TR P PR I R (O JEE Y
e BB (0) slae b 5l bl 4 by S~

!

a = Bp(T —Tp) (5)

Slasl L hase ot oy B ilee ool 3 S
e e Sl ek coale 3L
e o S e o Sl o s Gus o <0l JLal
el oase DM el Jye LB ol sl
Wik e 100w/ecm?°C iy Sllas L Gillas (Colia

[12]
(il SKhaol 8 Ayl B (oluand el g
e SUT 5 6061-T6 o pma JT SUT 51 dmis 5
(2)Js 5o ol B 515 L4 50 4 T075-T6
ol el SKhol o) dul b ode (gluans

GO0 P AP K

O S e 5 ety BB Sty IS8 i
5ok s o O 51 G cal 53 cplpl vl Jlsds
2R Skl 5 Sl e SWael ()l A e LS
Aol b e 3 S axkd 55 el U Sl Ol sl 0l

ol e 15 (3) el S A

_ nwpF (r¢+rori+1?) ©)
Qine = 45(ro+1})

F SKhol oot iyl O Copw @ adaly opl 5 &S
38 Pl OS5 1 5Ty 5 JSaskd 4 esls 60
L oBankd @ o055 SOl #5 Bk Sl Sl

Sy e (8) a3 st

3Qr(ré+rori+1f) (4)
2n(rg-r7)

q(r) =

(A)adaty 5 ot Lol () 5ol WS ol G o
s el dlesl o b Sl I ISl s«

A dal e Jlesl Ol 4 gl (’K 25 lal g

G5 9y 939 -2

(1) Jss s aliazl = S sl (85 iyl bl
b e VoS sl el esls Ol Sl s 1
St Ay e OF (i 2 S @5 1) ey
il e e ale S Jols 5 VB i Sl S
Sl sl e Je B lad 5 e e 20 Gl L
7075-T6 5 6061-T6 SLJTL o poe i 3l odd ogr
sl 20 s 8 sl L 100x50 of slal

s> e g3de gilwand 3 5 e ded oy b
P R A RUSPR-WECEPI PR 1)
A5 Ol g i Sl Sl e sl el
el o o3lizad SOHAT0 o)l ge oo

ol 3 am 8 0508 (ilwan s SUILS el S5 0L
100 o g e 5l o SlSarlad 51 1) sumpan )~

jJ‘jﬂjﬁ ‘_QL';_M:‘))JU,;JU40 ‘gj—b ‘_;LLA\))JU,:ﬁu.


http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-10]

[ DOI: 10.47176/JWST1.2023.02 ]

23 17'294?55*0 c1402 bba»d.u K] )L@. cla)w cr.é.\. JL.U gb‘ﬁ‘ 6)&.:1"’: 6)}\.'\5 K] r".\.ﬁ 4'.1}"':". cb‘)&oﬁ K] 63‘,‘3 uﬁ:’f‘

49.-)36)"5: a)>u' Wum&)b@‘ M‘}: ol ‘G‘)‘

21491 Min

A

(SBhol oK 5 JSanks s sles &oF @\:3 -3J§.&

s JPUSPP TIPS VI
it —— 1] ARl s
% e
b
250 G
g . 4
2 ,& X
s 290 =
£ Y
e 150 A N\
100 ’?. \\‘1
0 __’,/ ——m
¢ ° 20 “ © © 120 120 4 %0
Time (3)
(I
= ma e S
4501 —— V] AR2AT 2ot
a%n
__ 3%
% > I~
3 =
£ PN
= 130 f \\ =
e Z N
w0 2 m—
=
° ° 2 4 €« £ 203 120 <0 160
Tind (%)
()
&0 ma- oo s
450 _._[‘\]ual!ﬁ‘.hsl&l:i
<0
280
$ =
g 250
~a o
§ 150 //-\\
. V4 e
\%ﬁ
3 :-:./f
¢ <o ) «© 3 ® 100 1= 1 120
Taeno (s)
(gl

alie 5 IS anlsd s AKLLST s 5 e lead mli -4 IS

e 3 433 533350 LS55 e 53 el s S sles L O]

ke 1=l ¢ Cile Aol w53 5 4t e e 35l (g5
b ) e Je 25 -2 e L 15 -0

ol e Jdem2 IS

SBS  s Os ol JEEl il s slae Ygens
s > Solm e Olye a4 s ol W5 oole
Sl s 8 4 alih SKhol (e wl b
e 02 L D ety doles (gosme O)lie Jute
35 0l (6) sy oo 4 Ol |y sl sl Slazsie
or 10 (9T, 9 (9T (6)
pC at  ror (k 67") N 0z (k az)
il e il gl Slatis gl sma Z 5T
Olge s ) CHsSs w35 b S0l e Gndlms 1 (ol
Glaslaged S5 a5 L Ll § 5 5> (92555 55
ek SKhol e by el [ Si5 )l -
b i o S (55 S 35 et 015 e
ol DL a8 G ) sl e sl Sl
Sogme cdoms a4l 1 (55535 e S [453] S
el 4 S 13 eslinad
O ot S = s 5 3l it S &S sl
— Sl B Al gls it g ptege dhexr )
L s b Gl S @ gode Gilwand s il
3058 el ples Bl d it 93l U (o 2 OIS
o5 (B) USCs st alis [13] o o A Le3T ol L
s e Ol 1) Saol oSS dul b b s Les
B T s i S b 050519 S g sea
i gals 3 Lol ol s S b sl
180 550 _tat (sloce o 5 4ids 55 55 1800 1 800 -
(4) s p5 0 plosil gl . LA oLl i 53 e oo

Jie el ol asls OLES J 53 BB GLLil ol 51 plaad s


http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-10]

[ DOI: 10.47176/JWSTI.2023.02 ]

17-29425-4 c1402 ql:_.a,l: 9 )LQ clb)l».-: ‘V'é ‘JL—: cb‘ﬁ‘ ‘5)&.."5‘,:.- ‘5)3\:3 9 c‘,l.ﬁ 4?.1':'5 ‘bb&qﬁ 9 ‘5}\:3 &:’-“ 24

Gl i L ek 5 @l Jdow -3
oLl - SWhol o,KS 2

Sledd aesslael gode giluand 5 6,58 Lulg, elal
S g o6 T ol e o
Llowy sl i 5 Ty Uyl glos J2alS 55 55 (K
AL e Oy Sanks

ol alizil Slol )5 dul b ke b
FCU N U S O R [ PC JECSN [ INER Y
350 03 3Ll 1y ansl 5 o Sles o gp LIS
e e e ala ol P SISl 5
2 e Jolse op e S (@r) 3 SUss o 5 (V)
Ll ag sl b plale b e e iS
Sl e 55 e Sl SKhol K
S fsy g A Sl ol S b el
Sl 2 SLaLS lwan Sbais) b eites (i
CAe wddS s ileae S By Olge 4 IS
(RSM) sl rhawe 255 da iy cnl M ol a3
Lol s » oo @i Sl 5o 1) amlb 5l ol
Slhes 2L, Jb S cFle b e 5 0l el
Dy s (Sl

2ol Sl s e e 6 Tl ke
e Sl b elisk Shol K @ledue
W3S S esp s Eow spse esdy Db s b))
S 4l e A5 S0 Ol w5 ooees
g h 033 (e Al (Gla s 53 LD 5 el 4l
ozl = SKhol G Ll b 5l el 2545 Jue
Jide opl 3 s S Fe sl el sdal oy
b g Ledl s ledd (53 (Hlb pane Ol 4 5L
Matlab 1551 ¢ 5 Sl o, 550 AS L (5luang ol
sl bl 5 Sa ol )b dl )b o, Sas Ll 0
ek ol il (sles 0 JBlam () il
Sl JUE 5w s e ) Slasls 5 e oS
L by 0 8 Sl =35 0505 (60l 30 JSankd s

Sl e g L S e et gladady ol s
el ba oy 5 s a8 55 Saadly SIS 51 s s
ol o gy polie 5 gl 4t LSO L e S
oy odd A9 Sl e 5 A e g b
sy Ol (7) alaly IS« alaily cpl el s & (sl

[15]
Q, = 0.00360w? — 1.9 + 2745 ™

Shes GLaosasl & by Ll b 53 das e 0L alaly
wld a8 b s oo ash opl s edd el
ol S Lo Hadame ek A5 Dl e
e Ol (Jde 53 gladaly oo Ossed Bl L
Sb s L glace e b K e gl Sk

ol a sy oglate

380 ‘ . -
——)l0095, O
o 340 —— 095 O8N =
5
s
@
2 320
£
7
=
5 300
£
>
©
= 280 |
280
800 1000 1200 1400 1600 1800 2000
Rotational Speed (RPM)
()
360 Xy
—a— 9095, O

o 340 —— 993 O8N =

3

G

g 320 1

LH

-

£ 300 |

£

>

<

= 280

260

40 60 80 100 120 140 160 180 200
Welding Speed (mm/min)
()
oo o o Lm0 gsue (glaand @\:3 -5 s
S bt 3l e L 15 ol (glaai 3 i les ol e

0935 O 5 1055y e b olnl oo IS asked 5


http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-10]

[ DOI: 10.47176/JWSTI.2023.02 ]

25 17-29 420 1402 b\:-u.\s K) )LQ cla)\.«.-i cr.qa' Jl cb‘ﬁ‘ 6,&.:.‘,;.- 6)3l:3 K) c‘,l.ﬁ« Aij..";l ‘bblfw.h K) 6)\:4 )

Jb S Gl glacs s 5o il e Sole VL e
R e e
o Ol P oo Dol Rl (08 il Slod 5 0 S OAS
3L S s slals w3 bedas bshs Aol a5 03 S

Qﬁl{M\ﬁuljlmgQ)‘j}jﬁﬂuwwﬂzﬁupﬁjaM

500
—&— V=50 mm/min
450 —4— V=100 mm/min
g —o— V=150 mm/min

400 {824 F—

300 d——— 7‘. 77

250 {—0—4 80—

Temperature (C)

200 —— A

T T T

L
0 50 100 150 200

Time (s)
G0 5 B CS Cs w0 (soue ngb«.:&@l:j-fsw

305 e Lol 53 L8 aslad s Lles gla s

el b 5 ey e SO B s (7) S
stouwmﬁd&SM;&om&?gw

33,8 o ety Slos i

Cog w0 g O \Ne\d‘“

woday gls bt e 5 i e Olages L6 =T IS
i bl el T ol 4 gl 5

05 dda sles Gl 4 e Sl i e Al

23 Sl P e 2 it Dl el oS
S5 an Sl e 5o ol Sl dalst 2eS JSaskad
Nl (o &S e i J 3 S (e es 558 e
Gl e 3 S dalp id Gl DG s it sles 3
Aols 4 (glabi 4 by e (5) S8 s wnty glos & i
0300 L 503300500 e 8l m e sl e e 1D
S SRl L aS das e DL s 5 e sl
Sl o3 esss Al s andls Ll el gles o)l sen I
S el i lale e o Ll 5 Sl ea g U
St Gl bl 013l ol oS S 4 Loy
Sl s i sles 5 G s b Il e
Al 53 esss 6l Slatl Gillae &S AL o LalS (s
i S e B L S ol s b
e 190 51 i e RIIL s e ObLeS
A ois Al S et M5 b S L bdoe pmy aids
St et Sl LI s w1l gles 5 el Ol
23 S s icoal el gudd lal Gl g Sasles
Sydee LS ey IS s Sl @S slales
Sl s s povs (sole Hl o S (g
A Al e e B A e (g5 |y o 5 3IIS
A os ool Mg J o (Saadl S8 i M s ol

S e e SISl
2 ooBessy m e IS e U (6) S s
Sl o glace o b dseld aw 3 sles s o
B s SRl L aS das e DL il o5 e edalis
W dal g S anly alie 4 Ll les Oy 0L 3
L oS ssie abdle K5 cpl lagoms o awalis L
Forpd gl glagmie (o OS> Co e L1
aseie ahi G &S ol OF glirs & (S35l X5 e
Sde 53 oplply 5 edd 3w SRy e a4 QSaskad o
Jlail 5p50 50 0,8 e 13 VL slales 53 (528 Oles
Glos & Sl 4 &S e Coguy b ol e lasUT

slace po e el babes (pul 5 0ile SL oLy 5 YL


http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-10]

[ DOI: 10.47176/JWSTI.2023.02 ]

17-2942“ c1402 gl:_.a,l: 9 )LQ ‘15,&.3 ‘V'é JL» c;}‘ﬁ‘ ‘5)&:5‘,:.- ‘5)3\:5 9 c‘,l.ﬁ Aij.:a' ‘Qb&qﬁ 9 ‘5}\:3 w"?.u 26

- Sl o Sher Ayl o Bles o s
S 4 s 5 gy o b ol Lzl
s s s s pl Sl g dals leds Sl 55 e
ar s b sl S o My Comal sy (5luang il 5o
BT N N PRV TSP PSP
e @l s S RIM 2, 5l eks Jols L5k, slados
08 il ol Al (s Jbe il 5L
sl 2315 gl 1S

5 ok Gl b s Gilaang OS85 B s L
G Ope w wm S el (S S ey
Sl ol G s Da WU -l 8 sileae
S cul oo K Gl 4 oS remes ol sl
S el gy 5l e e S S w2 S
Olpp 24 apsises S sl ax g LIS das s
SO LSS 5 6100230 i 0l 15 Wyl comer
Sl ;g bt 5 aw Do el pl ol sld Bl
035§ Soluand S B 5 ke S 4 Odewy
S 1 s 5 e e (S5 0o S 08l
Slonloes Lams 51 oslizal U ($ilutingy oUl5 S das s
i i 5ty S 2 Sl s 1 ke
Al e Lls Clae (gla LU o b 5l 1, of 4 el

5 (Te) Syl s ol sbol (ganiny los 2alS & Ll
G ol b eiS o (0yp) LS axkad Llewy gla i
b Gl dlge w0zl sl ol zie G
.E.:JJ.A J.v‘l...\../a 2 u;—\j.b Ll d)..m- ‘_;\J..v.;:,..w\ ol ul:;';_'\
Sl Al ssdoee Oladl o 4 L RSM 25 L
)\jﬁ‘tf 2 )SM 9 )‘j"\ dJ.A Abb U'l‘ 2 J.\::L'k;ﬂ
ANSys ldle 5 3 Silwand dlsy Gk 5 e 5 Sosl

A g5l
G i 5 (Ty) Ll s edd sl gandn gl 2als

b e 3l b Do 4 (0y)) S axkd Llews

o IS e RIS I 53 338 e Sl

g oo DRl s i Gl RalS sl

Sty gl By, e -1-3

Ll sl Gl mel e Ry G ) s
RSM sy LSS o o3 el ol a3 5 5 55 (gl
b L plae et S 1) Ak la i polie 5l & p
Rl XS o ol s S o Sl Wlaadls S s e
A s b w by el Se S Sl gl
S L R S T T
CCD s, 5l Ol >k bl S RIM 55,5 slacys sdoms
Sl b b i besl sl oles Sl el sl ol
J53 JB = Sl elinal pde fpiman 5 (~1b Gla pate
A3l S LSS 50 (R

FlE sl Sobsdl Olse « LHD g G sne
P33 e 53 s RIM ) a3l Gl& ) s
Lol Gy il e S gl Lol 5L, Jue
sialesl blo sl Ol 5y, 4w LHD Sl
3 PGS s @b s e e Gl ol peised
b S 0103 el Sl J e s

Lol 53 S cul aly ctle gl S5, ROM 2y,
& (Owp) S anlss Wlewy sl is (Ty) Lls) sles rals
et (b la e e Bl e e Olse
¢l RIM Je & cxle ¢l i e o>
el Ll e b Glasiie b (65 5melS (g5luand
Jto Sl e oy & x5 L ol 3 5 353
el 58555 s e carle ol anle il Sl
odd Il gla pane L ANSYS l3dle 5 5o 85 (g5leand
ol 4 ol i g, S S5 e S Al
CST-UINTTSRTINCIE N 25 S KTSRE (e g e
il il bl gl s Jsld sbul S
Sl 55 ol s esle Slalome Blod 5l S5 o, Sl
Spde b LA s g0 B4 me a4 s


http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-10]

[ DOI: 10.47176/JWSTI.2023.02 ]

27 17-29 420 1402 b\:_.a,l: K) )LQ clo)\.«.-: cr.qa' Jl cb‘ﬁ‘ ‘5)&.."5‘,:.- ‘5)}\:3 K) c‘,l.ﬁ« Aij.i'a' ‘bb\fw.h K) ‘5)\._-4 )

SBrs Slaal b g)luang -3-3

- SEhsl e ol 5l 6 gl Oloses alS
SSaaks Wl 55 s Te(Vw) Lyl s slazd
S Aol spdee Ol W 6l 0y, (Ve )
ein S iy A5 8,5 s il Sl
e 5,5 i s e i 53t ks
El5 sl oo s ek ol e 3 e (9 5 8) sla IS
b sl a0y (Vewy) 5 Te(Vewp) Gas
dole 5 @l bUSE ol 4 a5 bl ool el
25

Glos bl el Slhgs o w5 ot o 158 -
gl 03 e e S e 335 ol e SLe
5ot e Dl skl gl syse ol Sl
s oa S Slasl

Sl el gl Sl e s et e il -
29 (o Lo SR

510 s s s 2o Lo 200 a3 L (ool Sl eslinad -
e 53 5 Dl 3 st les 53 (gt el e e 30
4 Odey I (GG dles cplidas e OLS ) ley 15

el Sl 8 nl gl e ilel a5 g 4

—‘_,S\Sh...al sz\S...i'»}:.- s e gileang @\:; -4-3
sz

Olgs 4 ke Sle iy (Siledug Eoms o
Lol gl wldy gt o3 I RSM gy 4 &S 5L,
U:";: E) Tt(Vt'wt) )‘j"\ DL w::l..;_:.c\—élib..a\ d)&.&}}
L;)&";'}} ‘_;Lﬁﬁ:.:ﬁ > O-Wp(Vt'wt) )[SM JJLQM—’"
ek oSl S, b culg ge s el amle @ 3V
! c.L.quol:- u}lb./a ‘_;LQ;.J‘}Q-

Sl b e @ (Ddsdr wdn :Sle 25, Gl
oS e 2 S T 503 Gl plels il

Slp s bessams 55 (W) Ll Shss csm o(V)
Fleas lal (g sleangs

2mm/min £V.£6mm/min

300rpm£E W, £600rpm

i a4 psler 4y Dobe Gl ol b alS s
LHD s, SaS & bla ol g 5L 4 gel aed (r +1)°
La ke 3loted scias OLE S bl s o dieos 0 Olil LG
34 Pp s S cul Gler dx ar s KL ST
S ks Jols poler s sl mls Ll Dbl 2
Bl 25 5 To(Vewg) Sl gles sl RSM s,
52010 D, Jpl il sla ks s 0y (V. @) iSaskss

RGI IS S AP <=L‘>u\ ‘_SJJAL.;L:A 30

Slesesss
e eenis
e enesiess

K
S eeRet Resten s
Qe SRR «\\g&“
Seseesentese
A RIS
Yo s}:::::\‘\“ 95e800%
O o SO, .
e TSROSO S o g
T, Vowr) # ‘\\\\‘:‘ SORSSSTSITSS RSOSSN ] D, =10 mm
Beo 9 S oS 3
°C
<o
. — D, =
: : “‘ Dt 30mm
Yoo . D, =20mm

Vi

W,
(mm/min) vove (TI;m)

Sds b sl RSM U;;j)jla.x.‘;yl;-é,uuﬁj_um.ﬂ;-&}&:

il 515l b 4w gl wp 5 Ve b sl ite o s To(V )

>

Ouwp(Ve @) #*
(MPa)

- 1o

Yoo [N

(rpm)
Sds mb gl RIM 5 5l el ol G 3 Jue M;-QJ&:
Ol s a6l 0y 5 Ve (b sl ize o Oy (Ve )

(mm/min) v


http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-10]

[ DOI: 10.47176/JWSTI.2023.02 ]

17-29425«0 c1402 ql:..a,l: 9 )LQ cla)l».-: ‘V'é JL-: cb‘ﬁ‘ é)mf ‘5)3\23 9 c‘,l.ﬁ Aij..l'a' ‘bbm 9 ‘5}\:3 &:’-“ 28

Sl ag Gl o | ) B | Sl ol g

owp | Tt | g d K, -

(MPa) | (°C) Gup T, 3 Vi (mm/min) mm h
w,(rpm) w/m? -k
v, =fx

OY.YY | ¥, ) |« AYEY |« OFAY | VYOA Ve Ay
w, =YFY
Ve =f.)

0.0F | FIAY | C AYED | 2 0FTF | 4 vrTy ¥ *
W, =700
V., =¥V

oYY | BrEV | cAYFE | L ovYy | L vive . v
w, =%
Vt =¥\

ALY | FY v | o2 [ o vTEY | sAr \ o
o =Y¢£
Ve =ry

OVVE | Frag | v grva | ymiv | L svor Y o
w, =T0+
v, =v.y

FEXS | FYRO [ L STED | L VR | 4 FAFY T o
w, =YY
v, =3

e | Feay | osvar | sfov | vvos \ v
w, =FO¥
v, =r\

FOVY | FAAE | SYVA [ L SEYYE | o vavr Y v
mt:T”f\
V, =Y A

FLOF | BV Y | svE | esava | vy v 7
W, =TYY

AL 2 L el 3 e L) eode e -
Loabai o by glos s el [0 4 cnl il s
S i L i b ) jasiie dlols

oA e Gled o)lgen A e AL -
o S e bl s e 55 L il
Gle S Wb o e 5 Dol s ads gle
sl 42308 sl i

AL Sul S s Dol Ol 0o L egss S -
Jo s s Sl Loesdy depe B sl s
Sl S 3)50 ol 53 1y ol sl I (Sadly
Sl SRl el s e SRl Sasl s i s
3 Obled il Aol oS Sasl ol = W55 g
il by Odmy Oy Oyl et e e Rl L -
g e e pid gl Slgionie 5 edd S iy polie o
ukéﬁ@«hﬁi&ﬁ@\&?é%gvf:ﬁéw\

R oy e ) g pilis Gl edd Jols mls
DS Ao

S s G Lo (SOl plmlr alps LI -
b o Al (S sl B sl e

Loolyen Ll Sl 8 (558 g Lol o5 Oy Sl -
AL S sl Glss s e s e aS

wle JalS care (Golm almlr ol RIS
D55 Sl dmeS o teS el ol anad 25 5 il gles
ok 20 il das w ks e s ISl K6 40772 ctiles
s e

& S 4onsi -4

5ol o3 el sbml by rals S Ol oo 4D sl
S @ Ol e L G ) el o et Il Ll Sl
2,5 Ok 5


http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html

[ Downloaded from jwsti.iut.ac.ir on 2025-11-10]

[ DOI: 10.47176/JWSTI.2023.02 ]

29 17-29aie 1402 O\:—.A.U K) )an. clo)\.o.fi cr.qa' Jl c;}‘ﬁ‘ ‘5)&‘2_59'- ‘5)3\33 K) c_,l.ﬁ« Aij.i'd ‘Qb\gw.h K) ‘5)\._-4 )

Engineering, Vol. 13, No. 12, pp. 56-66, 2014 (In
Persian).

4-Mailk V, Sanjeev N, Hebbar H, Satish V,
“Investigations on the Effect of Various Tool Pin
Profiles in Friction Stir Welding Using Finite Element
Simulations.” Procedia Engineering, pp. 1060 — 1068,
2014.

5-Roth A, Hake T, Zaeh M, "An analytical approach of
modeling friction stir welding.” Procedia, CIRP, Vol. 18,
pp. 197 — 202, 2014.

S el & S5 SBT esls e, el Sles 5 -6
S s S ol 5 alse 0L s Rl o es)
‘1 e)Lz.fu ‘5 693 ,Q‘JJ‘ 6)&.1'? 6)}&73 g (s‘}l& L;:“-"’)}i_g*l"’

2019 136-125 - -

7-Shen J, Shen Y, Xu B, Yao X, Kuang B, Ga J,
“Numerical simulation and experimental investigation
on friction stir welding of 6061-T6 aluminum aloy.”
Materials and Design, pp. 94-101, 2015.

Sl s M sl b gy 8 O sl e Slesd -8
Ul O o O el Sl goltle ol p

uij) O ol 6)&.&? 7075 4 2024 (’j’:“‘:"jﬂ Wﬁfr

6)}&73 g (s‘}l& &Mj}i-d“lp s L;;LL::«I-L;KJQ.;I
1400 c58-47 o P c2 e‘)w c? 092 ,Q‘JJ‘ 6\)&..1"57
S O S TS N R X VPR W
4 glows Gua b alik SKhol o Ka e Aul b sl i
6)}&73 E) (s‘}l& &Mj}i-d“lp PICA " i Sl (Kx.wl
1395 c48-32 uﬁ uﬁ cl e‘)w c2 092 cdlf' 6\)&..1"57

10-Riahi. M, Nazri. H, "Friction Stir Welding, Finite
Element Modeling, Thermo-Mechanical Modeling.”
Aerospace Mechanics Journal, 2015.

11-Cronjager L, Spur G, Tonshoff H K, Vigneau M,
ZdeblickW J. “Machining of new materials” CIRP,
Annals Manufacturing Technology, vol. 39, No. 2, pp.
673-681, 1990.

12- Altaf, F., "On modeling and optimal control of
modular batteries” Therma and state-of-charge
balancing. Chalmers Tekniska Hogskola (Sweden).
2016.

13-Song M., "Thermal modeling of friction stir welding
in a moving coordinate system and its validation.”
Machine tools & manufacture, vol. 43, pp. 605-615,
2003.

14-Eubnak, P.T., Pate, M.R., Barrufet, M.A., Bozkurt,
B. “Theoreticd models of the electrical discharge
machining Process.” Journa of Applied Physics, Val.
73, pp. 7900-7909, 1993.

15- Russdll M. J,, Shercliff H. R., "Analytical modeling
of microstructure development in friction stir welding.”
Firg International Symposium on Friction Stir Welding,
Cadlifornia, USA, June 1999.

Oley e 3 (pl by 5 ol 30 S0 Co w4 S
3l Jlasl 5550 53 03,8 o 13 VL glales 53 (6 28
oL Gles 4 ol 4 &S e g g el s
Sl e ies polem lales oyl s 0l 3L ol
Jb S Gt glazs s 5o ik Sl VL e
Sy s OAS S S sk Al i Sl sl
dal gt gl oS ady gl 5 esp eSS abl e s OUS
3 bdes Lol Aol & 035 ant OS5 o
A S adlats 50y 0dd 2L RS o glacs
WL el B S o)~

Sl 53 s s S s Se e I -
Gt e S el gl Sul
S L canked (glos 5550 53l 658 555e 0l 2
5 Ao By dmes e W Se s Glasls 5 b
Spl Glasly 5 sk S = b askd 5 ) e ol
AL gl

oS Cel il Sl G s et Ce e A8l -
2 g diloy 3

0 ke A e be 200 k8 L oolpl Sl eslinal -
3 e 0L | Wley 25 e 3 5 13l o ity sloo
S Ol B L ol gl e RISHL -
oS S sl Ll e Sl s b
o SR gles Al e e RIS pl il
g g ankad )3 Ll

@\;.a
1-Prado, R, Murr L, Soto K, Mc Clure J Sdf-
“optimization in tool wear for friction-stir welding of Al
6061_/20% AlI203 MMC." Materials Science and
Engineering, pp. 156-165, 2003.
2-Mardalizadeh. M, Yazdi. M, Safarkhanian. M,
“Experimental evaluation of the tool rotation speed and
feed rate on micro hardness and microstructure in
friction stir welding process of aluminum alloy 5456,”
Journal of Solid and Fluid Mechanics, Val. 3, No. 3, pp.
1-10, 2011.
3-Azizi. H, Zakeri. V, Mostofi. A, Azarafza R,
“Influence of friction stir welding process and tool
parameters on drength properties of AA7075-T6
aluminum aloy joints” Modares Mechanical


http://dx.doi.org/10.47176/JWSTI.2023.02
http://jwsti.iut.ac.ir/article-1-423-en.html
http://www.tcpdf.org

