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Abstract

In present study, the effect of heat treatment after friction stir welding dissimilar welds 7075-T6 and 2024-T4 aluminum
alloys were investigated. Friction stir welding was performed at a constant rotation speed of 1140 rpm and welding
speed 32 mm/min. After welding samples are taken under various heat treatment processes at different aging
temperature and time period. Microstructural observations, phase analysis characterization and mechanical properties
were performed on welded before and after heat treatment in cross section of welds joint. The results showed that post-
weld heat treatment causes abnormal grain growth turns destructive effect on the mechanical properties, while
formation of fine and uniform precipitation recovery strength and ductility of welds joints. It is found heat treatment
based on 7075-T6 and 2024-T6- procedure has highest and lowest impact on the restore of weld strength. Tensile test
indicate that fracture occurred on the interface between TMAZ and HAZ in retreating side (7075) at as-weld joint, if
that failure happens in the stir zone by applying PWHT. Surface fracture suggested fractures in PWHT samples are

predominantly inter-granular, while in as-weld joint the fractures of joints are mostly trans-granular.

K eywords: Friction Stir Welding, Heat treatments, Microstructure, Mechanical properties.

i (65 CblB L g1l o sy o g T slaSUT
S VXXX 5 YXOKe3 S psiadl SSUT O smen
CIETSs

Corse el Ul slil SShol (oK,
53 ha p Forem000 T s 4 Jlizel axl )5 by 355
Kl o sl ST 55 Sl VU sles o
5 S S apd o ol ey s 0 L s
Slles SIS psid calabe [PIls Ls Sl 5 U
2l Sl Slles U e Sl A S~
Sl S g VXXX 5 YXRX (e i psie o]
s S e e SO

Sl 5l e Sl ollee Ol & s
ST ale alazl SKasl i s (PWHT)
OF 3l vl 0l oy I2ee 55 0 AA VYD 5 AA VoYY
S o)Ll OLen 5 pbl OBl s 4 01y o dex
T4 Yo¥f SUT Jlssl SOl ol PWHT 3G
Al sy elil Shol gy Loeds ) K e
S ab s b gl osle b ad, Eel PWHT iyl
Gl L aslis 5o il o, e il
Slles A ol OLE cpmen s o s |y sl
Sl oy L 8t i T6(190 T-10h) (il o
Geirs 3V syls s TAYYE el SOl ol
Slbes S atd bl 0L 5 0 L5 by 8 5 S0s

aedie -1

A3l o g I AI-ZN-MG-CU o5 8 sla3UIT 51 VY0 5L
pae I SLSUT o 5 ool 5 VKX 05,5 slaUT
ol SV plnal 2l S e WILT ) ins
Sl Ot s Gl okl Y enSs S
b 3 sslinal 3550 Sladas Sl s Lo g o Ky S
S @l VY sl V] sy e IS Lablge
oo a2l L3N V0K s o 51 AI-CU-MG (5T s
s 53 lalegls o S 3 U cpl eis el o
sslizal Lls VU plSowal b S SUT & 5L oS e
Lol Cotlo (gl Jgame 5sb 0 3WT ol Jlast [Y 1555 e
g o oslinl Laglsa sl Jb 5 S O Lyl IS
3 YV SUT w5 S5 Lenles S Jbe gl
[0T el Va0 ST 51 o oSl (slaans

Sy 53 Jpeme gla s b oS oK W3UT
0 SRS Osmes ) Cae 5 Sl L
Sl S e 4l s spdy Sl 5 plSoal | J2als
sladnl 3 oy ol 3T s e 0L s 5l (HAZ)'
Shaol o wul b Opmen bl I s Jlal
3 oge )l Fp Bl Cgx Alg e (FSW) izl
dlasl aul b cpl sl an § G Jslse osd (6,880 5
Jlo 5 (TWI) Sl eSS 50 ol bawr 5
Jlasl gy ol iy, FSWIFloil axwy 1440

2-Post Weld Heat Treatment

1-Heat Affected Zone


http://jwsti.iut.ac.ir/article-1-252-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-19 ]

3 1'1142“ c1398 QMU})L@ clb)u cr’ﬁd_ dLﬂ cd‘ﬁ‘ 6)&..3‘,’.- djju}c‘,l.ﬁ Q,ﬁcdb&mﬂjé\gﬂ &gtg

u"”h‘ﬁ}i "ﬁ‘).}abu.:ﬂ:‘ S48

LS)&";)}- )"“"‘)L.'. B &)}LA R ul:;'.’." oLl LS)K":'};-
Sl el ety S Sl e ey Sl S
Sy HYY S <=J§ N i 3l eslaal 3y5 K

el 0 03,51 (V) S 55 5l sl 5 4

o5 ol o3 esliial 5550 Il slal 5 anaa - s

(e hor e 2 310D)
S Sl e Sl Sles b S dlesl cgr
L 5 Tilos 53 Plowl il Slles Sz b 4503 1l
Sllee OLL 51 e s esls 13 cele Vo0l e
S A e (Sl sy Slles S S 2y 3L s
e el (N 55 S o 53 a0 slos 5 Ol
5 S Ol 3l ol Jlasl SO ol s g
S 5es S b diged e s A eslial

Sss o el SEhol e e Sl
VoYY WD i Sy IS8 n 8, 5 kel
Jlasl Koy Ko i 8 Loy 0lis gl s e
U pn 5wl 6 s oSl o (San o 4 PWHT
23 PalS sl OlEd s 5l als Sadly o b s Jladl
PWHT L5 JolS 5k el (65 Jlail sk 5Ls))
Sl Sl B OLes 5 Ll A] 55 1 sse
T Sl ol 5 Sl 5y s (CST) IS
bl Shawl i) a4 edd s gl VIVO
GBS O Sl ey asie (il dilan, K S )
Sl dm paseie sk &l o3lul &SI s el s FSW
S5 1y sb 2Ll 5 5ES alSouid CSTLs S5 s CST
35 o Sed dlail el e w5 S s i
wlis o s wey 5o W il & jshiles [4]
ol Sllas boddaly 3 ol Gods pasee T sla3UT
A Al b 3l e alie b saSUT (SCE e )
ol e sy ) Sl e bl alizl SISl
0Pl Sa g Sl SOl Slkes U s n i
5 AA YYY wlie e bWl FSW s> Jlas!

A3l AA VYO

e hoy 95090 -2
il S 53) VoYY opna T SUT S tass ol 5o
6 T6 I s Va0 el SUT 5 T b s
ST 53 cpl plasd oS5 A3 ealinad e Lo O b
03,30 (s 53 & i s (5205808 oz oy
oK 3l eslizad U alizel Sl Ky .l o
D3 el s ol S g 65 4 plil 5
2 Bos a5 slely s O g s A S
o SUT Ll sts o, 51 (DS 55 Ll acntia
St S 53 VoV a1 ST 5 5ty o 55 YYY
o G ) b S SIS S

Yymm/min g, o e s VY TPM 5l 2S5

1-Cyclic Solution Treatment


http://jwsti.iut.ac.ir/article-1-252-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-19 ]

1'1142“ c1398 QMU})L@ clb)u cr’ﬁd_ dLﬂ cd‘ﬁ‘ 6)&..3‘,’.- djju}c‘,l.ﬁ Aﬂj"“"‘.‘d‘)mﬁgfnf}"é &ftf 4

(933 033 ) paen JTVAVD 5 YoYY SUT ole placs oS 5 ) oo

FSW U»};- JL@‘ ngJﬁAJ.ir d\.oﬁ‘ ‘_ngLNjﬁ A.Su"\“i‘fe Olasein —Y d),\;—

P I ST RNTY N YCR Vs [ RO eSS
Aol e S il s b L5 e O e

S s ke 31 S S Sl s Y S

Sisle, ewy pm2-3
G 33 ilazl 4l sl (F 5 D) S s
S b Olea el ks sl G55 4 s 5 s
S8 ek s s ol Rl esd e sdalis
al 0 (Sealos sl 55k Olojan sk did S2dly
DVIosd o s €l 04d 55 Comse 5 s o 1) PlEE
P I L TNV R DC I PV U
S 42U aS Cl Cle s dise Lol S 0
v G o s ) i gl Alizbl aU
w;:):TMAZ):LaAJ\:)t}LA:jCﬁ}@ LS e
sdalie &S H5b Oles oy o 0L C3 5 4 5 mm 5 50
o r 5 ekdS il S a4 W 1 b als o

gl e

sbite & [V ]Ad ags ASTM EB sjluitil L llas i
el el il ol bl e
s S LS S s s b S S
AS S Jsoe 5l i blis S g i exlind
;}swbsf SaS 4 i3S sl Gl e AE ealizd
oS A o 2 S sl Jde s S Sl
CSS e Gy Ll bzl e BLE G
o o3 edd A bl el g S jasiis
s & e sy S Sy S Sl (6
$n Gy oKews 5 (EDS) (35 mis o b U

A3 oslizul Jus (XRD)

O L

Sesley Sk w5 -1-3

odalie (MUSE L3 Jol S 05 Sb s
ST ilazl Shol i alie pb Jlail 35 00
ol Cile slajbtlag, Jold TAYHYY, T6-VAVO
(TMAZ) Sl 5o 5 Sllas 3l e 4-U(SZ) lizilast
Uy 5 ol S el o (HAZ) )l > 51 e
il Slasltle ) &S (S o a2 | Sl IS0 088
sl Sbe slai 5l as 5b Olen 55l o corse |


http://jwsti.iut.ac.ir/article-1-252-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-19 ]

5 1'1142“ c1398 QMU})L@. ‘10)&.5 cr’ﬁd_ dLﬂ cd‘ﬁ‘ 6)&.&3’: ‘5);&3;“].9 Q,ﬁcdb&mﬂjé\gﬂ &gtg

5 ot o 53 LB 4 (© sy b e 53 LA b (g s blin 51 Sl g —F IS

35 ot S 3 HAZ (5 5 5o Sy HAZ (2 ) g Coos 53 TMAZ G 55 iy S s TMAZ (£

T6- 2024 5, o Slhas JSw ol 5 g5l -3-3
Sl Slles Sl de e Jlail Sletlag, s
Olad 355 o ais ) IS5 55 VoYY SUTTE IS old
S il e Sllas i lEl 18 s 3 S 65
ezl SKhaol G dlasl js |y jasiie Ol il (G
Selags 5 o skl 53 S boles sl e

oaseia 45,8 13 TEY Y )l > Sllas S dgel

oIl 5 Al o BBl Slizel U Osomen s &ls DA 5
o3l S5 sl 4l w4 s Cole w0 s dls
YOYY ST 55 53 L HAZ U (5) 5 () sl (F) 1SS
sy Vb Les Lo axU ol 5o das o LIS 5 5 4 VeVO
ol 03 Gl INV] 8 ol U3 S8 i 30 o
C)M‘} h)\.b\ ))M‘&j@bﬁ) Q.L:: C,‘.\::Jéﬁéib.w

.M:&


http://jwsti.iut.ac.ir/article-1-252-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-19 ]

1'1142“ c1398 QMU})L@. ‘10)&.5 cr’ﬁd_ dLﬂ cd‘ﬁ‘ 6)&.&3’: ‘5);&3;“].9 Aﬂj"“"‘.‘d‘)mﬁgfnf}"é &ftf 6

3UT TMAZ asb s als bl (-0 Ss pas o
03,8 Ad; 50 TMAZ 40U 5 s ls ol i 63,51 YoY¥
o= TMAZ glos 035 ol s T s, cons Ll il
Sl aS plazel axU js dls Wi 4 Cud (LK
&‘j-g-‘ )\ uf'“)\J} QLSL;.G )\ o= ‘Q’l‘ff a)‘)&.@
S ol S Wisel po b wlb SuiS 5 s

] 0

T6- 7075 5,1 o Slhes [Kew ool 3 550 —4-3
ALl (Shol e e Gble Jletlan) slas

Ladils (ale o Ay olidy 503 S L) ol 4 s ails (ol
Gl odal 35 VAVO SUT TMAZ Cae 3 o peasiy
izl il 1 5l s b wls A, (LY JS2)
ol Jol wlap Jtle s >l5 03 s 0l £
-0 K8 conlodile JL Do Olea a4 (e Sl
Cle s Ll o s plm s s dl pus s (o
O i s s ) (gl (Sl gn 5 48 e (55,0 S LS
dlaje Dl S S sl old (SaS B g
DAE e 5l AL ol SasS  s,s el Al
izl (Shol S e lp e 53 Sl

IVl s

4l

(D) TEVVO 5 () TV VY IS bl ol Slilas 51 ey s Il 31 (55 Sl sy i 0 IS0
5 Dy s TMAZ (i e il ailain (s ¢ 55 g o TMAZ (50l


http://jwsti.iut.ac.ir/article-1-252-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-19 ]

7 1'1142“ c1398 QMU})L@. ‘10)&.5 cr’ﬁd_ dLﬂ cd‘ﬁ‘ 6)&.&3’: ‘5);&3;“].9 Q,ﬁcdb&mﬂjé\gﬂ &gtg

Il 3 il el sy jasis G Alizel 4l s
SUT 53 Sl Ay 5 55 Sl g bes oS s &

Sy e =6-3

SShsl S o, e 52 658 el e s
53 Sl Olles cale gl IS Sl e 5 aLazs
el 0 03551 (V) S

2o @b 4l Slizbl el s SOl cle (O e 5l e
357 5 g (Soalys oo ol 00l S s e o
S o el ol 53 Sligay Il o e AT e
34 Cod bl b e Sl TMAZ 5 HAZ 1y«
2SS eSS e Jhan Sl wdl S wl
395 1SZ 5BM L aylis 3 iy Jlasl HAZ STMAZ
ey e Olis

s e VaVO SUT e 53 TMAZ S HAZ po 5,0 2
Syl a4 e G S 50 S s ol W)V
3 TMAZ 5 ooew O3y cows 51 Jds e, 0 VP0HV
23 e <al_<.>r:w:\ Sy Sl ml B g LSl HAZ
Ll 3 5 FSW a3 o 55 oS ol 3l IS i
S HAZ b (550 4l e 3l s s LB S

YoYF SUT G 3 b opl 4 o VYO 5UT s TMAZ
e S Sl S V0 SUT Syl o e ol S
SRR A S PRGN [f

GALL VYO SUT Sl S aib el 0 Ll o ol
Lo o = S omb sl 5 s Ll RS Sl
1051 ¥]

@l PWHT oYLl g 4l (o8 00 e ol
2 e il S e e Gl Sl S w
Gl b e b awslie 3 TEYYY 5l > Slles S
o e (ol 5a e Uje RS Gl Slles

yls

b S 458 Olen el 0l o3ls OLES (505 (:—O)Ji.‘i
I wsle & Jlasl alizel aiddaie 53 ba &ils Wi, 58
S & s O s Ll pd e sdys TE-YATY
VevO SUT sl JSew opl &S il 5ol 2aSTB-Y YY
SIS 5 s s VYO SUT s il e
Skl s,S e K8 MgZng iy SN I
S VY T W0 SUTTE (S s Loy oSl Wt s
o 503 oml TYF ST (3l S Lol 2 8

Dy g0 54T o bl

Sl andl 3 5 eslizal b 3L sbaasie-5-3
ab s X andl 3,8 5 slind L gl b aasie sl
S sk Oler ol sl en sl (F) S s Ll plizél
U8 e 0 wges LiLazEl 4l s 353 s edalin
oo ool Sl sl Sl Slles (6 SS
Slgs &5 5 0kd = SAICuMg) s N&MgZny) L
slle 3L kb s (FeAls) oS 5 Fe il (g ols sl

o g Y O U N B LY
Ly Il (S s e 3 W slales 3 AlL,CUMg
J= W sbeles 53 M Fe sl lse, S o
Gble 5o Slswy ol lles S Jlast L 050 ol
LS e A s 5wl S il

slod 3 ol Sllee Lild s XRDms b Gillas
MgZn, 5 AlLCUMg &b, cele VY 0Ly 5 YV T
Slgwy Ul & Codl jasiie bl s o S5
IS ol 3 ae pleml ailse s s 2iuAlLCUMg
Sl Slhee Jlsl bl s s Sl Sllas
Olsm S ALCUMY Slgmy TEYYE IS bl
et el o Ol w STl s s oSl
T e
313 5 5 AL el LSLE MOZN, sy Syl Jlaz]
el o S e SOl Slles Jlesl U el

MQZn, s ol Slguy 2o VAV SUTTE S


http://jwsti.iut.ac.ir/article-1-252-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-19 ]

1'1142“ c1398 QMU})L@. ‘10)&.5 cr’ﬁd_ dLﬂ cd‘ﬁ‘ 6)&.&3’: ‘5);&3;“].9 Aﬂj"“"‘.‘d‘)mﬁgfnf}"é &ftf 8

Wl VY 0l 5 ol S ol ampa W sles 5o PWHT (0 el (5,800 5 (il tls i S 0 U XRD sla 80— S
T6-7075 (> T6-2024 (-

18 i i L i ¥ i
i H ¥ i f i

0 - : LS. SRS SN, S— ,
BR324 182 154 ) A6 IR B4 3 D PB4 78 4 1 RG 1B2 e M6

uwj;-‘5&}9clﬁj.é)béjﬂfu\:lajM&u%‘ﬂ)‘w‘jahéﬂgﬁyﬂ;w)éfwﬁjJ:ﬁ}ﬁ—VJgnZ

B \) @'}r.w DL g_):"'.'“jj\ w% T6- V~VOJ§.,~ L;LQ.G\ 4.':3[_'" u:,.alS oLl L;)&":J}}- M}A_' a w UJJL;J.G\ 4.;}-[_’ DL
ol ol s s e 0L s ) sl il o5 ol e S 33 3 HAZ 5 TMAZ 15 55
Jlail >l olas 53 OLSG w55 b s 50s Slisws S35 gk a5 kb e Rl el S e s 4
Sl We T ogles o Jlesl gladgl 3 s ol ol = olbles ‘_;La.ujjé 2l e o3 A e VY HY


http://jwsti.iut.ac.ir/article-1-252-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-19 ]

9 1'1142“ c1398 QMU})L@ clb)u cr’ﬁd_ dLﬂ cd‘ﬁ‘ 6)&..3‘,’.- djju}c‘,l.ﬁ Q,ﬁcdb&mﬂjé\gﬂ &gtg

dse YVIMPa 5 $25 MPa slie 4 ool ol
slos 5 Jsl Sl Slles gla [Sew (s eomen
S 1y el 1 5VL (T2) sl V8 Oley AVH T
53 dsb sl s G b sl el Yo 5\ Y gla Ol
(T Y Ol 5 We T glos o5 Sl Slles Lyl s
Slles Ll s 55 5 ajls 1) (J0/8) laie o S cela
Woual edle VaVO U T bl S~
5 ol s Il el Bl (s dcilan]
o P Jlail S (S das (e 0L b b
Ab e 3 VOVO SUTTE il 5ol Sldes
sdd ol Slles i Jlail s Sejir s il
CHIESS 5 s mis 4 V0 SUTTE S ol
ol st o eals Cos B e bl s Dlise,
e 5 bl 0S5 mle Ol s,
Sllanil oSzl (2l 33l Lol o 5 a8 o Joe L wils ) pn
Sl ol e 53 DIl e BI85 gpd
25 Gk Sy il Saol 5 e VLl

DIV 205 €l o310l 4 S oS Esens L s
Jad 5o Sl Cldes 513 e sl s S
£ VYO 3UD ey Cos 55 HAZ 5 TMAZ (o S 2t
el o ead bl Sl Slles gy opl Sl ey e
b opl 3 plSomal S 3 ol VYO U IS
S 2t o Srar Gble 3 Ced i Ol
e stalie Sl Olles glaaols ol el Jlesl
Sl plazel axb 3 s wls ol A3, W cnss

R

b ORI s ks e s 50 s e A1 (T2)
CebIVe T glos 8 ol cpl Aol ol s s
sla Oles YAYY 5UT s S5 0 VYO SUT s Sl ! 2
S o Al 4 e Odeey S old Ol
)Lﬂ);fm:}..::dac,.cb Ayl ol s G bl e
Wsed a4 o e 3 SR O Soa LB

LSl asly sl (LS

=S ol = 1-3

Bl b ol sl eaysl (M)l 3 2ES ol =l
S 4 S S S e T YYE 5 VaVO lasU
5 2SSl LBl o FYS 5 OV MPR a5l
o izl SKhol g el kil s Jgb sk
Ol b T e el T4/8 5 YAY MPa slie 5
» iy il el 3 N4 5 UYY LalS e
sl S Il s YYY 5 VeV el b L alie
St ol Slhes 3l day (128 005l s LT s
Aas e 0L 1 PWHT eVl olas (gl (228 ol
SWTTE 5ol Slhes Lol (6580 Jlasl ol
SR g w03 5 Rk o ORIP s B sk 4 VeV
Al a Lyl 1 el 1 5VL Jlas

e S b Sl (S ale el

2l Slles (s G b 5l sl YR MPa . YOYMPa
et 1 el 3 sge p S TAYY ST TE L
5 S ol Sl 5T e ey Jlesd la IS0

ol Slas 3 a5 JSFSW oLl 2iS ol =T i


http://jwsti.iut.ac.ir/article-1-252-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-19 ]

1'1142“ c1398 QMU})L@ clb)u cr’ﬁd_ dLﬂ cd‘ﬁ‘ 6)&.&3’: djju}c‘,l.ﬁ Aﬂj"“"‘.‘d‘)mﬁgfnf}"é &ftf 10

TEY Yz TEVVO (Koo il r o) Slkes (0 o (65808 () oS ;,yj;\ﬂwcbﬁﬁ;—Ap

Slhos 5 oy CeSCd 350 o 0kis & 55k Oles 5 L
NS, (G wlsye) Gl wls e Soswe 4 2o ol >
S0 (50 Blanil Olse g55 2 Jlesl a3 g5 o
Slles gladsl s o S Ol anlie ol
C,‘.w‘ B, J.vu j‘."." C,‘MS.\:: C}kw )\ oalail Lv g}j)\J}
wcjlzw):@\jv-&w‘ja)\.b\ﬁw\a“u})\ﬁ
2L FSW Jlasl 5o g ol Gillandl Olpe Slo Ll e

[YA]
o adeie oS ol ol ey OLAS Ol e iy ol
b e Sl sl sz s S5 S5 s 8,5 RS
SV G ad Ollasil 5 odd S5 S g s S5 Saadl
Jasl 3 S b anli 51 VA] AT o s
YVevO SUTTE w3 Sl i s OIS o S 55
)‘wwcﬁwﬁz\jbwwsﬁ)fa)\dﬂ}&w
e cpl (A JSE) dls YoV SUTTE (S Jles
Ose3l @l s S LT Va0 v 5V gy Sllal

.J;S&Jﬁl:‘;ﬁc.xﬂw.xugb;,zs

eSS o (o =83
S eslizal b 258 03] S sl agad ConSlS s
Sla G503 (Fls S0 S SEM slas s o) SEM
) el e eals Ol (V) ISE 55 oS el ey 2ES
S S W L eSS s S5 w sl
SUTTE S ol 2 Sl s 3 e (0SS5
YOYY SUTTE S bl 5ol Sllas 51 e 5 VYO
wcaw%bméjmﬁaﬁ);.xm&om\)
S Byl (DA JK3) 550 0 oy (gl 4ils 055
5 HAZ ~15 &8 sl K 3 s S il Cde ol &
3 Sligwy LIS o a2 GG - 2TMAZ
R O O P PN IR PO PR P
als o 4 s L il Jo1s ool 555 oo o ol o
Sl (ol Slbee ladyl s dlasl LAl 2l
GJ}SJJ;;S&\.H Sibm Moy g 55l la gl =
Erbse il 3y S5 Lakls s Sl 5l 5SS
Sl 133 50 4y s Lals s oSt 355 o or o


http://jwsti.iut.ac.ir/article-1-252-fa.html

[ Downloaded from jwsti.iut.ac.ir on 2025-07-19 ]

11 1'1142“ c1398 QMU})L@. clb)w cr’ﬁi dLﬁ cd‘ﬁ‘ 6)&.&}?: ‘5);&3;“].9 Q,ﬁcdb&mﬂj&\gﬂ &gtg

5-Song Y. Ynng X., Cui L., “Defect features and
mechanical properties of friction dir lap welded
dissmilar AA2024-AA7075 auminum aloy sheets’,
Materials and Design, 2014, Val.55, pp.9-18.

6-Mishra, RS, JR, “Friction stir welding and
processing”, Materials Science and Engineering: R:
Reports, 2005, Val. 50, No. 1-2, pp. 1-78.

7-Aydin H., Bayram A., Durgun |., “The effect of post-
weld heat treatment on the mechanical properties of
2024-T4 friction stir-welded joints” , Materials and
Design, 2010, Vol.31, pp.2568-2577.

8-Zhili H., Shijin Y., Xiaosong W., “Effect of post-weld
heat treatment on the microstructure and plagic
deformation behavior of friction stir welded 2024”,
Materials and Design, 2011,Vol.32 , pp.5050-5050.

9- Bayazid S.M., Farhangi H., Asgharzadeh H., “Effect
of cyclic solution treatment on microstructure and
mechanical properties of friction stir welded 7075 Al
alloy”, Materials Science & Engineering A, 2016,
V0l.649, pp.293-300.

10-ASTM EB8-04, Standard Test Methods for Tension
Testing of Metallic Materials, ASM International, 2007.
11-Fuller C., Mahoney M., Calabrese M., “Evolution of
microstructure and mechanical properties in naturally
aged 7050 and 7075 Al friction stir welds”, Materias
Science and Engineering A, Vol.527, pp.2233-2240,
2010.

12-Mishra, RS, JR., “Friction dir welding and
processing”, Materials Science and Engineering: R:
Reports, Vol. 50, No. 1-2, pp. 1-78, 2005.

13-Charit 1, Mishra RS, “Abnormal grain growth in
friction stir processed alloys”, Scripta Materialia, Vol.58,
pp.367-71, 2008.

14-Viana F., Pinto A.M., Santos H.M, “Retrogression
and re-ageing of 7075 aluminium alloy: microstructural
characterization”, Journal of Materials Processing
Technology, Vol. 92-93, pp.54-59, 1999.

15-Genevois C., Deschamps A., Denquin A.,
“Quantitative  investigation of precipitation and
mechanical behavior for AA2024 friction stir welds”,
Acta Materidia, Vol.53, pp.2447-2458, 2005.

16-M. W. MahoneyC. G. Rhodes). G. Hintoffw. H.
Bingel, “Properties of friction-stir-welded 7075 T651
aluminum”, Metallurgical and Materials Transactions A,
Vol.29, pp.1955-1964, 1998.

17-Attallah MM, Salem HG., “Friction gir welding
parameters atool for controlling abnormal grain growth
during subsequent heat treatment”, Materials Science
and Engineering A, Vo0l.391, pp.51-9, 2005.
18-Srivatsan TS, Vasudevan S, Park L., “The tendle
deformation and fracture behavior of friction stir welded
auminum aloy 20247, Materials Science and
Engineering A, Val.466, pp.235-45, 2007.

19-Aydin H, Bayram A, Uguz A, Akay SK., “Tensle
properties of friction stir welded joints of 2024
aluminum aloys in different heat-treated-state”,
Materials and Design, Vol.30, pp.2211-21, 2009.

S5 s -4
S5 SIS Sl ey Sl Sl UGSl s
S s T YAYE 5 Va0 ST wlie 2 Ll
Olalie Ad oy lizl SKhol G, 4 eld
Sy, S J Sl FOW Jlasl sls 0L (golla s
Sl el odd cdys geea 5 Slizel 4l s
‘jjm-_':WJA nJJ"Jg: w‘&.)}b d}.\::k;dHAZjTMAZ
Slles 5y DL gl apd e il iy (VAVO 35U
S )l e 2L Ji..’;SclS;gﬂ:\ Ssg o3 1y S
Wyl LSS oy Jlal a0 CHIES a5
C)}ﬂw):HAZjTMAZJf)JA)\aJ.&L;)&.\Zy
chwj;m_:_'n.x.:: Sl wsad s bl e Bl s
CJLS.L).C )‘wﬁ@‘)y 2 g)}..' L;\M‘} &j))@m&.::

.J.,idan.xi:‘_;\au\:wtjjj\L)L&Q,MS.LC}LAL;)\F

Bl

oo A ST o ablie Jlotlug; PSlol ™ (s )
S &S e S sy 4 el slowl T6- VVO
W)l b )8 wl OLL I alizel SWasl ayl b bu
AYAY Olgionl txis olisls lpe dige 002

SU S Sy 5 skl bl T el ol Y
ST o 5o sl IS5 = ol e o5 salS
Mottt = Sl aul s gl eslisal L YAYY o
oK Eils alge pwdige odSCils (i)l wlid S sl oLL

AYAY Olgiol o

3- Mathers, G., “The Welding of Aluminum and Its
Alloys’, 1st Edition, Woodhead Publishing, Cambridge
England, 2002.

5V el GLUT alie e Jlasl "oy e, Y
bl s bzl SKhol e Sy, 4 000Y
o oK lge g sdKls (Ll ol

AT Ol


http://jwsti.iut.ac.ir/article-1-252-fa.html
http://www.tcpdf.org

