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Abstract

In the present sudy, to resolve the problems in fusion welding methods as well as to increase the strength, FSW
method was used to join aluminum alloy sheets 6061 and 2024. Moreover, optimal parameters for joining of these
two alloys were also taken into consideration. Various tool rotation speeds of 565, 950 and 1500 rpm were selected.
For each tool rotation speed, two traverse speed variables, two penetration depth variables, and two tool angle
variables were specified. The anaysis of mechanical properties of welded samples was conducted through tensile and
micro-hardness tests. Furthermore, microstructure of welding zone was investigated using optical and eectron
microscopes. The ratio of shoulder diameter to pin diameter is among the most significant and practical factors for
welding tools. So, a shoulder diameter three times larger than that of pin diameter was selected. In the present study,
alloy 2024 was placed at the precursor as the harder alloy. Tensile strength and indentation hardness of optimal
specimen 300 MPaand 85 HV were achieved. Moreover, hardness behavior and tensile strength of heat-affected zone
(HAZ) was evaluated to be lower in aloy 6061 compared to other zones.

Keywords: Friction stir welding, Aluminum alloys, AA2024, AAG061.

* Corresponding Author: szanvari @pnu.ac.ir


mailto:szanvari@pnu.ac.ir
https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.2476583.1400.7.2.9.2 ]

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

1400 Sbuus 5 54 20l cpin S

ol 91 S92 (5 39US g pols 4y pid

jwsti.iut.ac.ir

u!{! U’/‘Zi . /)C") r}“

g bl y )y g Sl Kol 5)hem Wl § S solsl W6

ool T (S ST dilin pué Sl JLlail  Silo ol
AA2024-AA6061

2 659mls o2 (07 oS g
SI9bL o= Sop) 1 RS odew

'Q‘J:’.‘ cQL@i.ﬁ\ ‘)J“L“‘-“a QLAJJQ uﬁ..]\: A 90 ‘lea kg ebf-Z

1400/11/03 Ui 3 5, <1400/09/25 1 dlie L 5

oS>

. %

S i 33 il i S gl olisl SUT sl Jlast gl 2 1500 rpm@50 565 il i osline slacs

o3l s 0dd (6,8 sladlasl SIS ol LT s S 0 s Jlpl asly ke 53 5 (S5 e ke 52 Sty
P S s s S Sen s il il 38 Spe oy S s S a0l 5 G et
om A8 3 Al b el S il 63,208 5 e glas U Sl el wls el s 288 518 L s e S Sl
i e 3 S Sl Sulg 53 23S 8 edig i S 53 5 e SUT Ole 0 2024 3UT ass cnl s s sl
Fomb bl ek 4 Sl 6061 SUT o 53 HAZ ailie 208 ool 5 oo S, 5 Lol oty 85 HV 5 300MPR w43 5o

AAB061 5UT AA2024 31 ‘M}H Gl alasl Sl K 1 g S Silads

polie 5 VU oSzl L L sloml 53 3 doms Laim o
Jg;@w}ﬂéujl.ﬂj\ el S S w
ST s 53 (ham ab Jobsite sihnss St S
ool Sl e s ghuatb pdL s
O s 5l all anslis 3 e adke SO

Jelge nl aad 355 on o gime i Il SLSUIT (5

szanvari @pnu.ac.ir | S 5 2SI Sy ¢ sims o 5 ¥ )

dodie -1
Caslin 5 055 4 plSowal Comd Sl e T la3UT
WD ool dmas VU o Sy 50 S5 ol s
5 Sl bl mbo B ol glas s s
2 Son 3 S A1) LSS e B esliad sy ol
sl 53 el SVl 5l s 28 eslinal gl sl


mailto:szanvari@pnu.ac.ir
https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.2476583.1400.7.2.9.2 ]

115 113-1254991«0 1400 QM} K kiti ‘20)‘-0-; ‘Vm Jl c;}‘ﬁ‘ 6)&.5‘,:.- ‘5);\:5 K] c‘,l.ﬁ Aij.:a' “5};.\“5- r.";:n; 6)33‘ |}h} [JS VoY

s GOS MIG 5 TIG L3 5l osd sl sy 3 2
sz HAZ 5 G m S Se amlie Bl
Ol ) re ml oo by, o elixl Skl
Laslpa bl 3 glos 2S5 sbe 2024 5 6061 sasUlsls
ol 3)50 0,03 O3be 5 Ayl bk 5 oLy mles
LT Jlasl 3 IS s cpl a5 L 5 LS 0 13
rl 5 S Gl 52 el iU Sl e T s
Aol 5 SO el I FIW (8
Gliwly 53 028,815 eslinal 5550 053 S iy 4 Sad
L 53 53k 01K s e T iman 22 gla3UT JLas!
e fass opl pop o adlas by adl o e Jb= o
ool Bl S 08 B3 peon 4 oSS sl SU
Soso 46061 52024 LUl Jlasl (golesle )y 5 SIS
o sy ol Gae Rl sd e elesl FSW
S 2 G ol B ol gl el s i s
ol ym oltle gy 5 SO ol ang 4 Ol

o]

Sl ploxil b, 5 3150 -2
o 2024 5 6061 ool SUT Gos G cnl o
(25,8 3 eslinad 5550 adsl slge Olge 4 e S Culses
Sl S oKaws b ks 83 gIUT plact oS 5
o3 bl gladisas pleand S5 5 S5 Aesd e
Sla e dul b bl 3ol odd eaysl (25 1) Jsls
5okl L olplh sl 5 oty S Ol S Lo e
(3) Jsdr b s anlsd 3 Il Ga058 Ols omizen
ol g Gt cpl 3 edd Ol gl 2el )l LS (65 yasl
S A bl Al glalsl 5 iy Sl
O e 5 Olingd 5538 Cle (500 55 oK o
[18] Ere o3 ol plal liio Gullas A2 el FNF-4F
A i b ls ey lelsal G gl Skl o e
dlas il plals ol sdel s 4 3 o b 4 wls

5,8 )5 el 5y5e 5 b (1) IS

Frere G skl b5l elinal S ol ots S sl
o a3 [5] 5K 13 s sy WDl s
Gl bl s 5l S (FSW) slexl S
WL Sl ol S Gl S ol Ll I
D a5 s e 5 e el QST o e
sl 3 sbes 53 g FSW il 5 s [6] ol 4 S
To oo WJlal el e pl b spd e el slesl
s oM o Jels e e Sl ok 5 s el
clil Wl dulp ol [9-T] sps e slm) olesl
ST 55X (5 e T ST Ll (ol le
Gble s 5l TXXX (g e 5 2XXX (5 o (S plSomti]
[13-10] ol wlis e sa3UT Jlasl 0l FSW sl 3
ol s oty op o a [H] 0K 5 piled
L 6056 5 2024 i T s3I alin o Jlal SIS
bl ae glamally 5 dastlsy FOW auls 51 eslial
s Do & Py S s Sty DLl peled
Cows 4 15 mmymin ¢ s > s 5 800rpm it
Jlasl @l 1, FSW sl s [15] olan 5 SlosS . dis sl
sl bl 5 L35 bzl 6082 5 6061 (ooa JT (slas
SUT 53 ool OBl s 4 s S ) 1 il 6w
O 8 )30 4 JLal amb SLbI o s Koo o055
St il L a8 5l LS ey et el e @
30l e 3L Al 228 Lol il it
il oy JSE 36 [16] Lk 5o 1ol L iSen
L3S s 15 D083 5 B06L e T slasUT alin 2
S et 5 m S e b S sl Ol e
AV ol 4y s O (S g e 5 25
5 SO el [1T] Olen 5 il sl s
4 5083 5 60613UT 53 (o o sy S5 5 plSmnu
s TIG B 555 b iy, o) L1 FSW 2y,
A3 S alie b O s <l O 5l eslizad L MIG
sl s ady S el S (S ol

S FSW gy a0 O 53 Sl DS 25 0920


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.2476583.1400.7.2.9.2 ]

113-1254%5-& c1400 Qb«.ﬂ} K} J".‘.it!‘, cZA)L«z cr.ﬁ.k dLu cf)‘ﬁ‘ 6)&3:3’: 6)3\33 K} c".\.ﬁ 41‘.}'-:3 ‘6}343l5- r.’n','.ﬂj 6)33‘ b.&} sdew 116

8061 e JT ST b o8 5 -1 S

Al Cr Mg Fe Cu /n Si (iig asd) hasd juais
sl JARS /AN /00 AN A VO € sad gland S 3
TP YR - T VAR oV YA AL CI—¥/A 3Gl & g0 gploaad S 5

2024 oo JT 3T oot 8 5 -2 Jsi

Al Mn Mg Fe Cu /n Si (ot dmgd) o ilound ais
e /o VYO Wi £/VA XY “/FY Paal allospline® 3
Sl | eerA [ ANSYA | YA | v /0 ottt il S

L5 wee (92 s ol w813 5UT s 216 e
el sdal 35 5 B06L SUT a3 S esls 0L 1, 0
o el Sl pdn O35 mlial S p3ee
Ui 5 S e Ol i S 3
L5 SBL 3055 Sl ool stel 32 (50555 Goe
SR 5 Sy el G e sl Sol as
Wil bbb Gn cmbie (Ab L [10] bpie a2

A salin 5 S oo g (-2 1S2) 2 4 s

—
~

16

21

I3 0555 1l sl 1l 3l Solad slei =1 s
(e e o 2 5L

U5 Ll aU Sl (L5 @S S sl (3) JSCa
L12 M}M@‘ oals OLES b 12j2 LSLMU"N d&.:;&njﬁjj

S il bas o5 1600 rpm i s

H13 )&A; JY"B u,«M:- )‘ L;:.E?u“ L)'i‘ B oalaul 3)‘5.& )‘f‘
b 4 s Olssl 3/8 MM o eli,) 55 MM oy s L
s pizmen 5 Wdiged (Braly ) p 5 S el
535 e e Ol Dl e s e Sl
s SRSl .3 S il 08 500 Jlesl Ll
jr.l.w @‘mﬁ) ﬁK.L.ob .}a...o": ol LS)&"';)} LSLG‘U).Q_’
ASTM-E-384-11 s bl b 3:lae Micromet Jou. Buhler
ASTM- 31l Gillae (228 0 5a51 (sl ad 123 S plonl]
Sl Ll (g5l esbel IS ol olKaws b EBM-04
L Hounsfidld iiS ofSiws abewsar GBI glos 3 2iS
RO rl’u\ s p s sy 1 mm/min e
@jﬁﬁ‘ %Jjg...djjg.:ﬂ aK.‘.'..uJJ &‘jg.a.ﬂ‘jjg.:ﬂ CJ[:JUQ.AC;.@}
TESCAN <5, el VEGA-XMU Jue L iy,
(Image |) (s sas 5IUT S5 p 5 5l eslinal Lts eslizad

A dwlee Calises slad ges (gl ails 631l

Loy g mls-3
4 6061 LT (i s o sloml (b e (2) U2
5 () Ko s & jslalan das e Olis |, 2024
Sals W 12 59 clasal sl jasis (C—Z)
el a3l BBl g Sy pde o Saasb Ges
5 o om SKhol 5l ol 6 SKhol gl S
LI e v ol S, pde Joale IS anlas

)b‘\sbl_:ﬂ éM‘MJJ‘))‘} °'bjf;ﬁw)>452024


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.2476583.1400.7.2.9.2 ]

117 113‘1254’55«4 c1400 bl:—»-ﬁ} 3 }ﬁli cZBJLMz cr:-h dl.w gb‘ﬁ‘ 6)&..:"’: 6)}‘.'\5 3 r"lﬁ 4.;;:-1’ cd}}-ﬁt”' r.'n':.ﬁj 6)"” |}Q3 AJ:.\#

12 6500 55 Sy pde s =2 9 wisad 55 (S pde s m0 e Ok g 2 el -2 IS

116)&)3QM&3}3}§“;4(J&%‘3}

2 6= 512 6 paim A g it ) ()5 o sSs Son e -8 IS

3= 5 bl 3l el JBs sl Vsene 4l
Ot s Ak DRI L s aled 3 g a3 s o8 4l

7] 55 0 5 15 s 131 1
ol s el otal (B) Ut 55 s adlaie &l o3l
5 s S Uil L 8 s e OLES 415 83100 Lo 550
Sl ol dasie ke Gl Gt S LA L

S Cs e ad Gl L K le 4l il

Sl ol RIS (Saatly S s Ol
U s (F3) Ko b ol sl jlle 00l dilsy,
S Soson SLElasbl 5 3 ehs 4 SSlSe e S
aibate b Alizil axUis gl oo odys Bl sdome 5 4kd gladils
5 St S5 i ol (Sl s ok
Glal 0ol 3 50 ol o 035 il b 3 0 sl 5 S

sl 4Bl sdzs  5hS 5 S S sladils ool Jllag, L


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.2476583.1400.7.2.9.2 ]

113-12547;“ c1400 Ql’.’—m.ﬂ} K }ﬁ\g cZA)L«uﬁ crﬁ.h JL-: ‘bbi‘ szm"a.- 6);\:5 K] c"lﬁ Aij..l'a' ‘6};.\3\5- r::ﬂj 6)33‘ |}h} sdew 118

6;&.&);- .Li\j_e BER Y j“)l’):*:" Lsuj;"bti '3J)J;-

s ()5 sl 75 e s e g oplads
(mm) 53 (mm/min) (rpm)
Y Y oy 40+ vy
/Y ) ji qA OF0 oY
/Y Y £Y 0Of0 o7
o\ b 7Y LYal) ¥
2 /Y Y QA 40 0
/Y Y qA AT LR &
oY Y sy 40+ Ry
o/ Ay 7Y 0F0 A
«/y Y 48 a0, .q
(VA ) £y Qo \
/Y Y £y 0F0 AR
/\ Y Y VO VY

S2305 ol Ol (S s GRIHL Sl
Lazl Al s o3Il ol sl oS il dal g 058
B R e S S
3l ol S SOl el il Sl s
Olge a3 53 31 S5 sn )8 o ails o3Il ials sl ol
oals o3l o2 e SRl B0 e s
el Cds s o3l w4 ar g L3S dal asiis
LI 5 S50 58U gosss Sl oS el asiie

sl
8 wsad 5 S S Sen sl () 5 (a-4) IS
3Rl G S Bl e e 0L 1 1L wsa
565 pM ol b 54 s ol dgad 93 50 (S50 S
33 a3 L8 wyaas 4 S b5 s 63 mm/min
s Jplasls LIL wsas 5 01 mm 55,55 Ges s
e oS shiles i Sy 02 mm 5555 Ges
548U Ll o 3l (i e 2l |
Oy andad 536 )00 g Lol (5 O g &S enlOblad s @

ol al S Wl ol gt e 4
Sl L B3 mmimin g i S e 3 Wged Olge @
© 209 31 <ls o311 1500 rpm 4 565 5 Sl s e
Locul Shss S 5 cwamen il 50530 3/4 pm
gl anlS Wl Sl iy e il
Lyl 5 53 o (68 G s wgad 4 by e &l o3I taS
Sy S (565 rpm) Sl S RS
Al 209 pm oLl i ol oS 55 63 mm/min
03 ekl (0 g wised 4 by 50 aly e3ll o i
s 1500 rpm sx Shss s oprie Ll il
St A 5 Sl e il ls o3Il a5l
0T JWs 4 5 52505 GLasS Olse il 3l a5 655t
SlaS shiles ad sl Al el las sl
Dl L Sl (6t o 55 Sl asiie Ladils 63100
o3l sl s alixl asboals o3Il (i s e
bl o3l Sline Jlogs iS5 a e il

doals dal e Slizel


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.2476583.1400.7.2.9.2 ]

119 113-1254%5-& c1400 bh’m.ﬂ} K} J".‘.it!‘, cZA)La-:A cr.ﬁ.k dL.e gb‘ﬁ‘ 6)&.53’: 6)3\33 K} r".\.ﬁ Aif.:.s' ‘63343l5- r.’.'fj 6)33‘ b.&} ok

6061 52024 cla3UT Jlasl 2 s aidens s 031060 — 4 50

VY " Ve . A R o 0 ¥ o .Y 0 4 g
Vo | 0fo | voes | aee | oso | aee | vees | aoe | ane | oo | oso | 4o st
(rpm)
or or oy or sy or A aA or sy an oy S S
(mm/min)
o oY oY o ) Y Y oY 7 X Y oY (mm) 55,55 Gos
&ls lz..._,:n o3l
AT I VA R 72 S A VLN R v B B 71 LZANN I /2 N VA2 R PL N A 2 N I V%
(nm)

r— T SEMMAG: 100 x
Vega ETescan VAC: HiVac
Obducat CamScan

Al
Al
(») (»)
cu
« s e Cu
an e n ) o a0 600 800
Kev Kev
I Element (wt. %) Al I Mg [ cu [ si
Fra el 8562 68 n
—— . . = SEM MAG: 1.00 k. W 250 kV
Pre. No.2 9224 14 s 1 VAC: HiViac. DET: BSE
: Obeicat CamScan

A5 53 o el Gl Shises m 8 wsaimo AL el m 2 el Sl s G 0SS sl -4 IS
(7 450 2 5y, EDS 30T Gl S = 5 (T 503)1 sy EDS IGT 1,8 =5 EDS JIUT g 7 46505 55,501 iS5 Sen

g0 S ol C“"‘j"gijz'c AlzCUMg 9 MQZS| CJLU..«;) QL.«K_L L._LJ.EJ AlzCUMg 9 MQZS| CJLU..«;) aj‘.\.;\ Sl
Py (6_4) IS5 jaas Jgb sbasl as s was als b Cons g Laisad S ol Gy Bl 5l
S e i LS T e G 0SS Sl e G S S sl e e il
>33 pla sl 63 mm/min ¢ i s o 950 rpm )5l B35 s Gb el Sy BB b sl 5 s Sl


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.2476583.1400.7.2.9.2 ]

113-12547;“ c1400 QM} K kiti ‘20)1».5 crﬁ-h ‘JL—A cb‘ﬁ‘ ‘5)&:.‘,;.- ‘5);\:5 K] c‘,l.ﬁ 4?.1':'5 “5};.\3\5- r.";:n; 6)33‘ |}h} [JS VoY 120

le; JL«J}‘ Loy f;&s r&?r_:..»l‘ gr_:.l.wj f\.{}dﬁ:‘ '5 Jj.,\;-

Jsb bl ds s (MPa)J:.,:.S rL(;;:...u\ (MPa) P_Al_.“.? TK.?L:.N]' & g0l o lad
/¥ rYy Yov o
Y/0 Ya4 Y74 Y
\Wid YAA Y4 Y
A% YFY YOA e

0 VO Y¥Y 0
v Yoo V40 4
¥/0 Yay YYA v
IV " Y$¥ A
Y/A Ya¥ Yys 'q
Y Y¥A YYA 3
/0 YT YYw 1
Y Yav Y50 Y

3 eded Jols s 228 Sl & Wles S avylie
289 5221 219 5« FSW s MIG TIG sla s,
3 odeal iy Sl oy Slo oS el oty JISly K
5 el s Lyl s (323 MPR) 5 oy s,

8 Tensile strength (MPa)

Yield strength (MPa)

m Elongation (%)

~

o

R
o
~

5061 ';_Q'LA

20 3—950/633,0 A 207 203

gc_,()‘(’a 95()‘(’3 950’(’3

):&Jf&@\jﬂf&m\ slasls sl w&»-SJ@
3 3e8 5 s0) 950 rpm oo Sy b ol (655 s (lad el
(ol
53 4 303 DL (g mme ST RIS Osa3l 5l el Jol s

L;LQM}.Q_' DL c&:ﬁgﬂ‘wﬁk é“! 5 ‘J:ﬁ‘ 4 "’;Af-‘}.' J:"

OF 55 oS ol s esls 0L 012 mm (g5,5,5 es
JSKi il sl esls il edd (6 IS oslad gy 93
S $n S3H e ik T (a-4) 5 (5-4)
g5 )l 1 oojlad gy cdas o 0LES 1y 7 4isad 5> EDS
— e meeee sl LI elgls s S e AlCuMg
Lot MGST 55 512 o jlad gy 5 558 0 LSS o 500
33t gt oSS s = o 50 = a1 o3I 05 S s oS
g5 33 o el pasie bisu, LTSS skiles
Al S5 b adlate 53 gy

Jsb sloslawmys 5 228 <=l_<.>=:_w\ et c&};}'_w\
ol s a8 (D) Jsdes s el (6, KE g slad sl
S35 = [20] OKen 5 sosle bav 5 a8 S &) poo Dl
e slazl Skl s, 4 71075 56262 3UT Jlss!
Rl ol osls (5158 25673 MPaLly oS ol
L amslin b s ol iassy s edal s 4 ls il
St s 55 [20] yoste 5 [18] sl by L5 ik
el s adilie 4y 63555 Sl S a5 4l 3
Jiasl 228 ool [21] O1an 5 Kl 555 0
MIG 5 TIG sb sla i, L I, FSW 5, 4 2024 5LJ1


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.2476583.1400.7.2.9.2 ]

121 113-1254’;&«0 1400 QM} K kiti ‘20)1».5 crﬁ-h Jl c;}‘ﬁ‘ 6)&.5‘,:.- ‘5);\:5 K] c‘,l.ﬁ Aij.:a' “5};.\3\5- r.";:n; 6)33‘ |}h} [JS VoY

ool 5 228 oMol (s BV aalad 55 15l (5555
.:;\Jﬂ@\d}.b:l{:j‘w):jamgmLJ

s

=
3

=)
S

[—4—63-1500-3-0.2
|—m—98-1500-3-0.2

Hardnessa(HV)
g B

on

60 i
6061 i« cligi 5l 2024
40

-5 129 -6 -3 0 3 6 9 12 15

Distance (mm)

ol Aol b sladi sad g 4l e ki, -8 IS

7075 6061 51 Jasl 3 [22] ol ,Can 5 L S5 5l
Loy an opl & Slizbl Sl Ko Sss @
5 a8l Gl el i o e Gl L e S
LAl g el S UYL L S e e o
S ey PUSU S s il glace s
3ol I ol B 5 58 g Sl gl S
slaze o b (S el oy ol b s
tr s JBosb 4 ) IS ool W L 2
Lo S a5l i SRl ol rals Js sl oy
Sl 04t s 5 b plml anlls 2alS 5 (63455
ST bl oS olSoval s, [23] el o 255
el Sl il Ly sl ey s 6061 o 2024
(6) Ut sy s smad o3ls Slssean SlasS (S5, G
S a3 Lo (IS ek gl ST ol g
S35 508 5 o S e Rl asly 5 e S
J=B Ll 5l e 4w a s ges Gl s e DL T, 2o
L Lo pos uiS plomtal anslie 5o 5 Ljla) 5 5 (Jsd
G 53 (194 MPa) sosl ety 28 oSl ags
Gk i ) e L [20] 0L 5 sl
ot o b 5,88 2 [22] 01l 5 ol sl Slallas

Sladgo plas ool 6061 SUT oo 53 HAZ aU WL

L a2 HAZ U 5l 2SO el
Ll i bots I 5es (0) JSCE St ls gad (il
63 mm/min (s 50 s 950 rpm i) i s e
(&:ﬁ.’ﬂ:\ s 0/2 mm LS)))}'A 2 49.-):2 )\j_'\‘u”j\)
Cm.u-')‘ (}.w )‘}}.q_' )3 d}.b ALLJ)‘ M))jml‘.:jd.:m:s
@ w L;jjwl.w .124”\]& )\ (el ol eals OLES o

oyl s glad gad

Tensile strength (MPa)

> BB
250 % 7 9
200 % //
o .

B r:l...i r\_(x:..ﬂl 9 =S r\_(.x:..ﬂl slals s anslie -6 s
Lo (§2 508 )yw) g_)jLﬂ.:A U’“"-J} gl,&j.w\;_a.,\..ir 5)&.&}3— Lg\.am)m

160

—4—63-950-3-0.2
—8—98-950-3-0.2

S

Hardness (HV)

-5 -12 -9 -6 -3 0 3 6 9 12 15
Distance (mm)

e CIgU PP A VP PPV S JE SV L =SV B A O

g_)j\.ﬂ.:ﬁ sz}"‘""ﬁ ;,;ﬂj950rpm

Sl 3y g5y IS Oga3l e Jal 5 51 eler ol el
6061 al b L 2is plSouul 3 (g pmamee SN il
dooys AL oK glax 3l 3L Ll e oS A sdalie
Aoss 4 ol a5 A3 518 209 wsas ) s dgb 5Ll

Sie 51 (A4) o s ) s Sl ped b dgad Jsb slisl


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.2476583.1400.7.2.9.2 ]

113-12547;“ c1400 O\:—«-ﬂ} K kiti ‘20)‘&:‘ cr.ﬁ-b JL-A cb‘ﬁ‘ 6)&.’3‘,:.- ‘5);\:5 K] c‘,l.ﬁ Aij.;'a' ‘653435- r::ﬂj 6)33‘ |}h} [JS VoY 122

S s oS g Jale 55 Cogne Sl g 5o
e 53 e w55 (2 e o 53 G55 S a5 (1 dis
S B e P T e -2
033 S e Gl b 53358 0 S S5 Jole
T I N JE N U PR I e Jec e
Sl s ol oS s e Jele e 53 A5 S e
o3l &S dble js Jo 558 0 o a3 G S G,
OLSal cpl dts (oo s oot 3) S8 ot e
CeS 5 0350 I e e 53 ST S a5 45 1 3
A F ) (B (S Joa 3

2 ks S Sk pes ey D, e Sl
Sy Jed Ol s Sla el 4 ax 5 b g adlats
Gos s sl L lpl wsly (o e Glpl A
b a0 S Ad ghuarb bl sed s L 3 S0
Lo, sSb ady 055 28 Sl b e )5S0 S s &
S b g e L, s (7) K8 s atls
sl 950 rpm il is s e LSS Lol L
Lo (6 S5 - 0/2 mm 6l (5,55 Gos 5 433 13
23 e S Ol 4 Sy pin Do e Sl esls O
5 Sl sdaline B ISE 55 oS jskiles 4 S L
B e S S RIB UL Bl
S Rl Ll S Ce e s s S o
als ol 2als 316 pm w471 51 Ll ojlul o s
O g aml 53 5 2eS @355 o> 1) als o3Il
FeS Dol s a S Ul Ol sdeme 5k Ll 2
s 5 okle Sl g xie ALCUMG 5 MBS b s
ol

SLasS Ll L S pladisas s 5l Jla 5 (8) USC2
e 5 4> ,3 3 Dl assl 1500 rpm Dl s e
s e Ol 1 Wl 8 02 mm Ll g5,
2 ks w8 ks jane HsSb Olge 4 gty o e
S bl bsges 3b 1500 rpm it s s

s B sk ) 28 el VL s i
Lo S a5l G SRl ol Jrals Js sl oaly
Sl OS oty 5 b pll ardls (LAl 5 (63955
S (&:ﬁﬁ:\ S sk aas oL ALCUMg s M@eS
G e edalis pde 5 g CodS 4 atly DU 0
S Plis 5 e Joe il gl S adlane s
VL 3 CrnS s oS s ol Jalse Ol @
Jome 35 0dd (o S plakiped 03 &S o5k 4 das
23Sl S sl e Plas b LS e
Vo ems FSW I i o eVl s 258 0 )l

.M)dd .C) k;f?;w L)—LJ.:.QSL'&'LQ‘}’LA):

140
120 =
~
>
& 100 —4—63-565-3-0.2
wn
2 —— 63-950-3-0.2
E 80 —i—63-1500-3-0.2
=
60 —p!
6061 <l i 2024
40
5 -2 9 6 3 0 3 6 9 12 15
Distannce (mm)

uﬂbaﬁglﬁéud)@&ﬁwuyw)b)-gt}g

Qjm)‘f‘w"j"uﬂj@bjsj;ﬂ)f636}m

140

s

;\- ——98:950-30.2
o A

Hardness(HV)
® >
=1 =1

\& ——98-1500-3-0.2

60

6061 le——«lohi———»i 2024

40

A5 -2 9 60 3 0 3 6 9 12 15
Distance (mm)

oy Lol d) 3 glad sed e %}U?w)wiilsﬁ-low

Qj@)‘f‘ﬁf@ﬂj@b;)ﬂ&QBngm


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.2476583.1400.7.2.9.2 ]

123 113-1254’;&«0 1400 QM} K kiti ‘20)1».5 crﬁ-h Jl c;}‘ﬁ‘ 6)&.5‘,:.- ‘5);\:5 K] c‘,l.ﬁ Aij.:a' “5};.\3\5- r.";:n; 6)33‘ |}h} [JS VoY

GlSa cgline Sl i ce w5 02 mmosls
Gl i Jlagad 33 S jslailen das e 0L 1) Lleds
6061 3UT slme 53 TMAZ ailaie 55w o %S
950 rpm jixt o s L &S (gl ged Sl5ged (A edaline
ol by e Ol 1y (o SN s sl (K s
S35 sbS 1500 rpm « 950 rpm 3l Sl s e
Sl gy e Pl b 63555 b S Rl L e ol 53l
ol e 5 03 AT um w0 316 51 by o311 il 5l o s

Wl o 5,505 20 Sl B e il Esl

140

=]
S

=)
S

—4—(63-950-3-0.2
—8—63-950-3-0.1

%
S

Hardness (HV)

>
60 - -
o

6061 i< Gl » 2024

40

-5 12 -9 -6 3 0 3 6 9 12 15
Distance (mm)

oy Lol ag) 3 slad sed e %}uwg;w)wulsﬁ-llp

u‘}u.:,d 5jijﬂ&;j950rpm U’“"-)}

S O3IMMIMIN 55 b Cs gl 5SL (11)J§.& 33
b e Sasp Ges s Ad a8 K s Wl 55
o 5 012 MM (55,55 Gas L &S Glaisas s S
Gyas 3.l i a8 6061 SWTHAZ wilews j3 asew
Noged a axs L O/l mm 58 Ges b oods osar
Slgu) S50 w8 pde 5 2055 sl S 2l 5l 5

LS u‘l:'))‘ AlzCUMg 9 MgZS|

S S wnii=h
izl SKhaol aulp 56 e 4 s ol o
2024 ,6061 w}_ﬂdujl_ﬂviﬁi&»uébﬁ- bl 2

2505 <ol 1900 rpm ol sy e 53 o
ailaie 53 ls o3l Sy 1 oS halse 31 Sl el
e s > SO IS Ol 3ils 36 s S
sladls 5 iy SO 8 (s i Co e RalS Lol
Gl 03 pee 5 el Sl 52 (5l a5l
Cose S SAS|y s Jos eSS ol s S
clbe 1255 5 AlCUMG 5 MGST sy )52 125 S
ol HAZ 5 TMAZ & s ST _ew il Esl a0
ST dlast 55 2 [20] OhlSen 5 sasle i 53 .o
aibie 53 95 8 AlZn 5 MBS <bse, 7075 4 6262
Gb 3 53 TMAZ G & w5 L3 gl iz
gl bl e Rl BM e 4 e 5 L o a8 SZ
e o33 e | 140 HV G 80 o3 sioes iz
e a3ls 35S

Sl Ll b oS plaksed (e ) Jlsses (9) S
Ges 5 43 Jlplasly 83 mm/min gy is Cs
A o glime I i e 02 MMl (o555
ool yaselia Jloged 53 shiles caas o 0L T, Wl
adbie 5o BTl b el S lad el e Sl
s e bl aslis s sl 2als 6061 3UT HAZ
Aol alezel amb als o3l Ly Soslie s it o
Sl Olgee i e il LSl Jal ol
el ails 3l 5l el oS il aalet il g
(P L Gl Bl LA s g s e SLAE
PO P EN PN [ PN W L R P
35 31 S5 s S e adls o3l ials cel culg s Ll
2 S RIEL SE e St Olse @
I Gl e s S el Jasiie | &l o3l
S il LA um 5 411 £ 219 5 s o4 «ls
LI 5 S S sasys Sl S Sl el
Al e

O Jaul o boaS pladigad e b, o sas (10) S

S5 Ges 337,050 asly 98 mm/min s b Cs


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.2476583.1400.7.2.9.2 ]

113-1254991«0 c1400 QM} K kiti ‘20)\».5 ‘V:Zu JL» c;}‘ﬁ‘ 6)&..‘2}9'- ‘5);\25 K] c_,l.ﬁ Aij.:a' “5};.\“5 r‘::ﬂj 6)}3‘ |}A} [JS VoY 124

@\;.a
1- V.SR. Murthy, A.K. Jena, K.P. Gupta, G.S. Murthy,
Structure and properties of engineering materials,
McGraw-Hill, New Y ork, 2003.
2- J. Adamowski, M. Szkodo, “Friction stir welds (FSW)
of auminum aloy AW6082-T6”, Journal of
Achievements in Materials and Manufacturing
Engineering, Vol. 20, 2007, pp. 403-406.
3- K.V.P. P Chandu, E. Venkateswara Rao, A. Srinivasa
Rao, B.V. Subrahmanyam, “The grength of friction stir
welded aluminum Alloy 6061, International Journal of
Research in Mechanical Engineering & Technology,
Vol. 4, 2014, pp.119-122.
4- M.M. Moradi, H. Jamshidi Aval, R. Jamaati, “Effect
of pre and post welding hesat treatment in SiIC-fortified
dissmilar AAB061-AA2024 FSW buitt joint”, Journal of
Manufacturing Processes, Val. 30, 2017, pp. 97-105.
5- RS. Mishra, Z. Y. Ma, "Friction stir welding and
processing, center for friction stir processing”, Materials
Science and Engineering R, Vol. 50, 2005, pp. 1-78.
6- A. Goloborodko, T. Ito, X. Yun, Y. Motohashi, G.
Itoh, “Friction stir welding of a commercial 7075-T6
aluminum alloy: grain refinement, thermal stability and
tensile properties’, Materials Transactions, Val. 45, No.
8, 2004, pp. 2503-2508.
7- S. Gholami Shiri, A. Sarani, SR. EImi Hosseini, G.
Roudini, “Diffusion in FSW joints by inserting the
metallic foils”, Journal of Materials Science and
Technology, Val. 7, 2013, pp. 1-5.
8- |. Radisavljevic, A. Zivkovic, N. Radovic, V.
Grabulov, “Influence of FSW parameters on formation
quality and mechanical properties of Al 2024-T351 butt
welded joints”, Transactions of Nonferrous Metals
Society of China, Vol. 23, 2013, pp. 3525-3539.
9- N. Kumar, W. Yuan, R.S. Mishrafriction stir welding
of dissimilar alloys and materials. Elsevier; 2015.
10- N. T. Kumbharl, K. Bhanumurthy, “Friction stir
welding of Al 5052 with Al 6061 Alloys’, Journal of
Metallurgy, Val. 1, 2012, pp.1-7.
11- M. Indira Rani, R. N. Marpu and A. C. S.
Kumar, “A study of process parameters of friction
stir welded AA6061 aluminum alloy in O and T6
conditions”, Journal of Engineering and Applied
Sciences, Val. 6, No. 2, 2011, pp. 61-66.
12- A. Dangi, M. Ali, S. Pervaiz, “Influence of tool
geometry and processing parameters on welding defects
and mechanical properties for friction stir welding of
6061 Aluminum aloy”, Materials Science and
Engineering 346, 2018, pp. 1-9.
13- D. Ghahremani Moghadam, K. Farhangdoost,
“Influence of welding parameters on fracture toughness
and fatigue crack growth rate in friction stir welded
nugoet of 2024-T351 aluminum aloy joints’,
Transactions of Nonferrous Metals Society of China,
Vol. 26, 2016, pp. 2567—2585.
14- ST. Amancio-Filho, S. Sheikhi, JF. dos Santos, C.
Bolfarini, “Preliminary study on the microstructure and
mechanical properties of dissimilar friction stir welds in
aircraft aluminum alloys 2024-T351 and 6056-T4”
Journal of Materials Processing Technology, Vol. 206,

Ao 15 35lse 50 Ol L edd ol s s el
55

co o b 2024 5 6061 sla3UT FSW (o Koy s
Sy b 33 SO Lol g 565 rpm i
Gl islosl o3 53 0/2MM s, 5 2 ee 5 98 mm/min
e 3299 MPa 228 ool el s G
4 pad gy ST Y5 51 A VL kS LS s b
3505 S &S sl oag HSde Ll 50 el (S
it O e sdas 5 Ol s 1 55 & 5 el
Db

Ls FSW iy, L2024 56061 slasUl o SKas o
St 3 SOl ol g 950 rpm it - e
o350 3 02 MM (55,55 Ges 5 63 mM/min 5 5
323 MPa_2iS plSowial el oy G (il sla el
ozl BYs 5l e VL kS LS s e e
Gl S &S o3y S0 Ll 53 edd (g el g
OF Ul sdas 3l Oliguy ol s LIRS NI
Py SRom

s 2024 B0BL slasllT (sl nl b s
ool awe 1500 rpm il i o> ce o L5 FSW
Sossp Ges 3 W mmmin gy iy o SO
el ks i cpl sla bl e3sdes 3 02 mm
CoiS US55 b i 5 300 MPa 2SSt
53 ekl (8 &ged g STl LV Sl e VL
el 035 5SS e Ll 5

& Ly 328 MPa jlaie L 8iS olSoul o iy
s 950 M i e Loeld K 4sel
32wl 502 mm 5555 Ges 63 mM/min s i
MARCIRY

3 S ol g Sl e Al Sias
6061 ST coe L3 ooyl 3l e adlaie 4 by e e


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html

[ Downloaded from jwsti.iut.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.2476583.1400.7.2.9.2 ]

125 113-1254?;“ 1400 QM} K kiti ‘20)\».5 ‘V:Zu Jl c;}‘ﬁ‘ 6)&..‘2}9'- ‘5);\25 K] c_,l.ﬁ Aij.:a' “5};.\“5 r‘::ﬂj 6)}3‘ |}A} [JS VoY

Aluminum alloy joints”, Forces in Mechanics, Val. 4,
2021, pp. 1-8.

20- R. Madhusudhan, M.M.M. Sarcar, N. Ramamaiah,
K. Prasada Rao "An experimental study on the effect of
weld parameters on mechanical and micro structural
properties of dissmilar aluminum alloy FS welds",
International Journal of Modern Engineering Research,
Vol. 2, 2012. pp. 1459-1463.

21- D.G. Hattingha, C. Blignaulta,c, T.I. Van Niekerka,
M.N Jamesab, "Characterization of the influences of
FSW tool geometry on welding forces and weld tensile
srength using an instrumented tool”, Journa of
Materials Processing Technology, Vol. 203, 2008, pp.
46-57.

22- S. Ravikumar, V. Seshagiri Rao and R. V. Pranesh,
"Effect of process parameters on mechanical properties
of friction stir welded dissimilar materials between
AA6061-T651 and AA7075-T651 aloys', International
Journal of Advanced Mechanica Engineering, Vol. 4,
2014, pp. 101-114.

23- R. Jabradili, H. R. Jafarian, R. Khajeh, N. Park, Y.
Kim, A. Heidarzadeh, A. R. Eivani, “Effect of FSW
process parameters on microstructure and mechanical
properties of the dissmilar AA2024 Al alloy and 304
stainless sted joints’, Materials Science & Engineering
A, Val. 814, 2021, pp. 1-13.

Issues 1-3, 2008, pp. 132-142.

15- R. Kumar, S. Singh, R.S. Mishra, “Optimization of
friction stir welding process parameters during joining of
aluminum alloys of AA6061 and AA6082”, Materias
Todays: Proceedings, Val. 45, Part 6, 2021, pp. 5368-76.
16- P. Satish Kumar, M. Shiva Chander, “Effect of tool
pin geometry on FSW dissimilar auminum alloys -
(AA5083 & AA6B061)”, Materias Todays: Proceedings,
Vol. 39, Part 1, 2021, pp. 472-477.

17- S. Janng, P.K. Mathews, R. Raja, Comparative
investigation of friction sir welding and fusion welding
of 6061-T6 and 5083-O aluminum alloy based on
mechanical properties and microstructure”, Journal of
Achievements in Materials and Manufacturing
Engineering, Vol. 61(2), 2013, pp. 181-186.

18- P. Sadeesh, M. Venkatesh Kannan,V. Rajkumar, P.
Avinash, N. Arivazhagan ,K. Devendranath Ramkumar,
S. Narayanan, "Studies on friction stir welding of AA
2024 and AA 6061 dissmilar metals', Procardia
Engineering, Vol. 75, 2014, pp. 145-149.

19- C. Rgjendran C, A. Abdulriyazdeen, S. Abishek, A.
Aatheeshwaran, A. Akash, “Prediction of reationship
between angular velocity to the pitch line velocity (w/v)
on tensile grength of friction stir welded AA2014-T6


https://dor.isc.ac/dor/20.1001.1.2476583.1400.7.2.9.2
https://jwsti.iut.ac.ir/article-1-384-en.html
http://www.tcpdf.org

