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Optimization of friction stir welding parameters of dissimilar AA5052 and
AA6061-T6 joint for achieving optimum microstructure and mechanical
properties
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ARTICLE INFORMATION ABSTRACT

Friction stir welding is a solid state process in which no fusion occurs on it. This method of welding is
using for metals that have low weldability or their fusion welds do not have good quality. The effect of
friction stir welding parameters, including rotational speed, linear speed, shoulder diameter and pin
diameter on AA5052 to AA6061 dissimilar joints was studied in this paper. These parameters were
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optimized Using Taguchi method of Design of Experiments. Then thermal simulation of process was
done with ABAQUS software in which the temperature distribution results were in good agreement
with the simulation results. The results of specimens tensile tests were confirmed by metallography and
micro-hardness tests result. With increasing the linear speed and reducing the rotational speed, heat
input reduced and grain size of all weld areas is decreased. The retreating side of all instances had a
smaller grain size than advancing side. This is because of the thermal properties of 6061 alloy (higher
conductivity and lower heat capacity), which leads to lower peak temperature and higher thermal
diffusivity. The optimal parameters including rotational speed of 1400 rpm, linear speed of 80 mm/min,
shoulder diameter of 15 mm and a pin diameter of 3.5 mm, were achieved. The maximum tensile
strength of 228.3 MPa was achieved in rotation speed of 1400 RPM, linear speed of 80 mm/min,
shoulder diameter of 15 mm and pin diameter of 3.5 mm.
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Table 1 Designed experiments by Taguchi method
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Table 2 The results of base metals tensile tests
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Table 3 Thermal properties of AA5052 alloy [13]
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Fig. 4 Temperature history from experimental results in surface of
workpiece on X=100 mm and Y= 15 mm. a) 5052 alloy, b) 6061 alloy
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Fig. 5 Different contact surfaces of tool and workpiece [12]
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Fig. 7 Resulted temperature contour from FEM calculations in
ABAQUS software
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Fig. 8 Comparison of measured and simulated results, a- 6061 alloy, b-
5052 alloy
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Fig. 6 Temperature history from simulation results in surface of
workpiece on X=100 mm and Y= 15 mm. a) 5052 alloy and b) 6061
alloy
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Fig. 10 Tensile test specimens
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Fig. 12 3d-diagrams from the effect of welding parameters on tensile
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Fi§.13 Microstructure of retreating side of sample 9. a and b) stir zone,
c) thermo-mechanical affected zone and d) heat affected zone

g s 4aSS o 5 Gl 9 oyl Aiged oty ey 4l Loy s 13 JS3
O 5l e ali-s JSilSaga s e 2L

oealS dilaie ol gladils ojlal iy 4z e Gl L g WS e s
PRSP ).:Ln 4>l 0 bals olal gw)pm 0,50 OYLas] oo 1ol o0
wl25523 A8 L).,|)J;~J).,4;958 3 6[&433.436&5).-{'@)\3
Jidlog S 6 otsz oyl 35b pwyn ln oizen
oo S50 Bl Sygo a4 b b 5l golam codel Cawsas YLl
&y LHAZ s TMAZ SZ =1y 14 JSs 0 5 )18 o ksleg Se
oasliuwaay sladils o3l e o lis 1) aiay 9 8 3 o)lets slaie>
JR EEI O PRIV S Eo| N SR REPUOL I [ PR
ol S Slibos 5 o9z 4l 3 03be b,z gl o el 3G
ST o 90 50 50 laaily (609,9 &)l Jlade (iolidl b 14 S wlal
S 50 Slgay ojlail wl) sals baails wb) 5 ogdle Aigd g0 Cudiyo
O g ol ey (Sl aldas sl o @ euies Jlasl 6061
wlop, telu b u] 3 b ool S99 4 Oyl DM asl o s >
Saze ok oy 9 Sy (Fabi, b pizeen g Jlail Coons 90 52 )0
G55 Oyl Gl b bWl 4l o bails ojlail e 5,4,
09,5 FR L g i,S il b asl cpl o baails ojlail IS jeb 4y !
5o Lails o3l il so 2al38l (63555 ol lEl L g anily el
Sorbay Sy B g )5l il a8 g (Slg0 Cee s BN L oo 5
asls o3l lawgio (639, &)l (il L o lo 4 b o Gl
@ Ghes Cerm S 4z e abioo MIBI S 9550 Sl tsr ln
el 5Ll i yo ool Cavsdy Jlasl sil 355 (69 ey S
wlie )5 Ghg> oyl ;s b bal ojlwl olynss S8
b oaiol @iz j0 05 [9] o) Sen 5 (ool lawgi ol Cawsas mls
5 009 gy oo 5o Al 03kl e Lo 1 590 40 b i s S il 3]
S ey Sl Jedd 4 ol 5l 518 Glacans jo 5 (taljal gy
S 5l ol gl 20] (opsosil 5 slesS ilioe ol Les I
oS adllae 0 0ad (g pSoslul polie 4y SHop (g polie Kby S
g g o lapl IS 51 Jols bl jo aiS ol lade Log
221 sgo> aids y yie e 100 (5g5pin s g adBs 50 1400
ol 059, 0 sads plowl s 5l Jols gl b 4 del cws 4y JKWL K
S aloul jo oS Al ol cwl Kooy (JKWLKe 226)

27

o oo 5l Gl (Sadpyi g anbd lod a5l i 28, VL L) o o
05 azg Glge wul B e 50 sz

Sy g alh Shad g Glhes S pe oud ) slady) 4 4z b
S Aol |y 3l it G o kB g s oS
gl (b Gk 5l easliams aige sloyal)ly 7 Joaz il
s b oaaS elSxial p anld layell b assa olss
5 &3¢ (18] Gegw 5 by 5] 050 5 pllails bawg snslcason,
b BB 7] oliSen 5 ol 5 [18] (539,95 5 (i) J17] o Ken
Do adllas pl g ool Gxio dw s lawgi odelCawody dm .Cawl
(A S slagally polie lPl b oaas el )l
el Ay o b 5l Wil B g g0

228.3 1l alol> plSoiasl (i dige bulpd o e plodl b
T Jooz ;0 odds Smyim a2 b ol ol anglie b el JWLIKS
dbs 2l v, ol &5 05 0 Jol> 0.69% ) Slas ws s laie
dglie WS e Ol 1y Ghalejl (Ll bawgi oal b)) o sael S
S Pl Jlade Sl Galesl Lk iy st S Jel
J19] (e 5 Lty )5 asgs 4283 ool Godods g i (5o it
a 7] lSen 5 0l lawg ool @l b (oSt g,
L I L e O TR T
sl FSW (65 (92 a1 (gjluaings ez Ginloj]

LR
boad ools (9> ()9 0o cese 9 P9z M hlasl Sl leebl sl
b 30555, e o s & 5 (J31,55,81e s il ity sl ol
Cand 51 odelCawsts gl a5 pl 4 azgi Lo plowl cilisee (slo JuSul
4l cpl 0g Jladl odigpun dilaie 3l caxd cnmolid bbdiged (S
0dig Al LS Ly ,So oumolid 13 S5 08,8 18 o) 0,90
sype Jlail Jsb 55 boails o5l i syt (sl 45 ol 9 axkad
35 18 )2
13 oty A Sglate slaasls o5l L TMAZ asb o ' LYks! 4l
@l o3l lawgte b ailsyy ) &0 4y SZ 4zl .aigd oo sdnlin 13 S0
Syg0 4 Slga, BO0BL 5LIT Cons 10 coif ot 4 el yhag,See 9
Sl b s 4 bogyye SZ sl Jlisle lond suiST, alsy,
Silage 5 ] o o o ol (Seslins suzme 4ol ol o a4y ol
L;Laa:u‘b o)‘bj‘ Ja...:}..o TMAZ 4.._'>L\ le)'.‘ Lgad u—" 0459 yaun) aalaio
sanlive JSo j0 a5 jsbilen 04 yieg,Sae 13 sgam 0 sdal Cowsa
HAZ a2l olail 555ty S o s b Sl 050 JLail (ols5 095 o0

7S oo bawsgi oad (i SOLIT Jgan
Table 7 Predicted Parameters by Taguchi model

oA Sy prolie 6@&&{[;0}" olie o ol )y
1400 1400 (4835 5 ,99) Slys0 e s

35 35 (ne) Sl e 8

80 80 (4885 o ho) (650 o

15 15 (o skeo) I3l ailis (lad

229.9 228.3 (JSLKS) gt plSonl

! Stir Zone (SZ)

7 oolads 17 095 1396 juo (w30 SilSo uw i


https://dorl.net/dor/20.1001.1.10275940.1396.17.7.19.1
https://mme.modares.ac.ir/article-15-1669-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1396.17.7.19.1]

s 5a51 9 )1995)T A M8 L ke

w9 AL 32) 43 b 5102 AA6061 9 AAS052 (gla ST aslinio paé Juasl bbisigl 5ol G 15 yisga (sbd yiel )l (s )bwdise

(T FF ) S -9
4y Gher B alise bl o S5 ke G glp Ced o0l
&y oonlianody Bws Sen JIoges 15 JSi Ll oo plal 5509 b,
dad e liad ) ead eols iex dlgy dised 9 3-1 o)lad slaaiges
el ool @l | alais oSS jlade Glgie 4 15 SS jo a5 (g polie
s (liee B ol (92 S sladigas 1 (g Sen 6 xS o3ll )b 4w
39 09 67l eads (5505l polie cro il ESTas dyp JBlos 4
JOSETPURCIERPIN SU- U oL P ISRV S KU RV S S
B e 03l 5 bS5 50 ales] sl plgie 4 0 S

5otz e bl Koo 4 cod HAZ adlaie 15 JSo bl
G5 o3l 5l ol 4zt b 4t cpl el I j95 5 (5 S (e
doe g al caslie HAZ aml jo plounl (o eS a5 conl canline
oo g (o jlages 4 4295 LS00 plo @0 4oL Gl ek (S
FRSs Bhe Ladigel BT S g (rie Py S bdiged eSS
0 sanlive 55 L Kem 5 golpe o s &l iz 45 Az oyl e
Sl aibaie a8 ols les Jlasl ilisee 3blis adge plSoctul () p &5
Pl 008 (i ol (25 liee 2 y%eS b 6061 5LIT ol >
S S At sla il L sadiosls (Agx diged )3 09 Jlail IS
b 308 607, 00y yay 4l sl o)l 5l ke dilaie )3 sud (g 05 o)l
Sl asb o s 2l o i g 4l 18 62/ 0sy iy b sl g
Sldiges &)l 5l e sl jo St Sl o j2eS 5 T diges O)ly>
T dgas ;o ool sbwl gV glales Judo 4y aml ol ol cnmlin 2 41
2 51 slodiges ;o ool sl Soymb sloles 5 Koo sladiges 4 Cod

Vickers MicroHardness (HV)

0 0 40 60 g0 1wo 120 O

1 1 J *z

12 ] -7

-11 ] -“+O0PT

-10]
9]
8]
7]
-6 ]
E 5]
E ]
g
z 3]
s ]
£ 2]
g
g -1]
s ]
2 0]
2 -
s 1]
[
o 2]
b -
g 3]
£ -
2 4]
[=] 5:
6]
7]
8]
9]
10 ]
11]
12]

Fig. 15 Vickers microhardness profiles of the cross-section of
dissimilar joints
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Fig. 14 Microstructure of the selected joints. a) retreating side of
sample 3, b) advancing side of sample 3, c) retreating side of sample 8,
d) advancing side of sample 8, €) retreating side of optimized sample, f)
advancing side of optimized sample
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