’r‘“/¢g£~/ UL«J "ﬁ/‘;‘ﬂJLﬂ ‘J/J‘AJL;—]JJ"/&“,(“'L{J%/"‘L

<36 359 S Kol O jed (S ga Ll (Kol 0lgd § sblo iy » ol 3 i 2 St gw Wb
*7075-T6 o gd T

Oy 56 e ® gl da ® glaz! b Dosly s el Vg e Jo

1S

e S ol ol g b ST | O e S s i TOTSTE s JT S0 s ol ST e sy oml o
S 5, K8 b bt ] 4is g0 VT g e oo o] LE5t e G 5 4is  tacds 00 ol s (oIS o
L[5 o > Ll 38 e o S8 ol Ly Sl o (2 0 iy i s S8 S
aml o Dligr y Pl pimon 5 wls iy ittn g Seolis silmo 3l (SIS gy foo rlvodily o STos | O jon (5555 4
i I U s ST | Gt (1S 2 3 niend 25l3 ez il il Sl ol it o S il oo ST i 03 s

..LJL‘;A J)L(Jf (52494 &JL')J/W d[jf/j 03 4 VL\;/;J «.g:.w)@ A;L(A ‘JL;;‘JLAT/‘;J(‘;_:)[:}LAXJ AMW"ULALG

LGS gy (SO ol sdome ks ‘r-:"‘f‘jﬂ SUT Shasl 0yen a1 (Sl (S0 5lg

The Effects of Tool Rotational Speed on the Microstructure and Mechanical Properties of
Friction Stir Welded 7075-T6 Aluminum Thin Sheet

A. Mehri A. Abdollah-zadeh S. Entesari H. Assadi  J. T. Wang

Abstract

In the present research, FSW of thin sheets of the 7075-T6 aluminum alloy were investigated. Welding
speed was held at 50 mm/min. The tool rotational speeds were 600, 1000 and 1600 rpm. The microstructure
was investigated by both transmission electron microscope (TEM) and electron backscattered diffraction
scans (EBSD). The results indicated that several phenomena occur instantly during FSW in the stir zone,
such as precipitation, continuous dynamic recrystallization (CDRX), grain growth and precipitates
dissolution which have a severe effect on the mechanical properties. It could also be concluded that for
thin sheet of 7075-T6 aluminum alloy, plastic strain is the dominating factor over heat input of the FSW in
determination of the microstructure of the weld zone.

Keywords Friction stir welding, Aluminum alloys, Recrystallization, Mechanical properties, Precipitation.

Wl ey 4y 5 B3 4 80/) /Y0 Gl 3 OT Sl Aed 5 40/V/TT el s e s B *

O e S o83 alsn pndign (5555 S mils (1)
Email: zadeh@modares.ac.ir O eade G 5 o lge wdige wlinl 1 s sl 55 (Y)
O eade a5 ol 3l ge g (Al Wl (1)
O eode S 5 o alge owdige bl (£)
o 1Sl (Sl S 5 e oS8 lge pdiga il (0)
DOI: 10.22067/ma.v30i1.55116


http://dx.doi.org/10.22067/ma.v30i1.55116

sl o] Mlhast SUlSo ol 5 bl sy o lpl it e G T Ar

Sl el s Ll s L e
7075-T6 a1 SUT Shssl Osen (S0 5
el ol Obes sk o3 1 ST S, 5 e
SLI3 VXX (6 o el GLaSUIT L5 S aalie
SRl E5 4 el o Sl Sl
Gos 48 Lsls LS peoman 0T [14] dizes YU (gles
oo VL s SO ol glils 5 S50
Slacwbes 5 WL o GRa OAS 3w e e
b 4 G adee 5l o)l > W F SRl
05 SbS H6 Gl ol 5ol Ol
(S a2 VL el (S
Gas 2 a3 LS HU S glcalis s
FeS DA 3 VL 25 s bl
0> b golilegy Ol a8 cl el ol
el O SO 5 (S ol gt oS s ol
Sl py Sless b bl s Slidss o5 bl
53 sk YV 51 28 Culies L 7075-T6 S5U G s
ol Sda sl s gy SKasl §jen (6,05 J b
ol O s a5 Sl sy Sk ) Shas5
7075-T6 W}ﬂ S50 G ek sl Jlas| SIS
Open s By 4 el ) Culis L

ol Sl

X NSRS
L 7075-T6 oeien 1 5WT S50 G 51 Shasiy cnl 3
() Dot Gillas gloacd S 5 5 facke 1 Zulis
Cond g aw 5 SKhaol Ojes K05 Al sl
o Ve Qe a5 slace e L il
R e 00l U e e 5wl 55 Ve
o Gus s S bl bl s aiss
okl 550 SWasl Ojen K0 Syl 23 S
B Lo ol Slles Hir 5Y 5 51 b3l ol s
Vo fU 5 ek £ o Sk ke VY sl
S Ml e Ik r s bl e

FPRYY

S o koo 51 VL plSonial b e T sla3UIT o35 50l
B g oslital plsm mlio 3 as sk 4 VXXX
ol 4 ol Cins 2l i Bs 4 bl [1,2]
i Vlasl s 3UT ol eslinal ¢ 53 sla s,
b x5 S s w0 [B] sy 0 ) S L
Friction ) SWhol Gjen K05 (2o, S5y
ol [4,5] el ol S aze Wa3UT -l (stir welding
536 48 03 el - asdlail T3 S
Sl 3l e Sl Y S pla g A8
5 Sy e bl (S5 bl S
el Dl 8 el S5 D e

RS Ssl Open S b s
LS s 5L o s als Sl G b 5l 0
e lplals 25 08 5 O T L s e S
dsb 53 6] ss—i e o dal (35 s
v Sl Ol esle S sl O jen (S5
S o VL les s s Sy IS s
o ol Goo p @l 4 U gsl e )
3G s, bl g andls iy 4l S e o
S S5 il 358 e e ddome k)
Stir)m)f'r.a axboa ol Sl 38, 55 e
231 e sl S 5 035 B xa (zONE (SZ)
G| S30LLE S e (55b Jlasl SOl ol
S g Kl o S sl O K S &S
RPN SN PE P XU B P S
L7 55138 56 55 4 56 slasls

Al L Sl S Skl Gl
Oy G gkl ol sl SO
S35 7 Solems SV 353 03,51 s 4 Sl
Opr G slame 5 Ll e g
VY Sl il glaculbis L 7075-T6 5UT  Silas
Jgb abex OF 51 [8-13] cnl o iz ks A
sbad sl Culbes L30 [12] 21a 5 (Fuller)

174V (S ot ool o Sl

oo s il lige &



Ad Kl 56 e —(geherl dom =5 5lt] e 03] s ool =& g0 o

oy mli
ClSe e Vel 1S, Sk e () S
3 S5 g g e O ) (SKhol bjes
Tl ot sdalie g b s il
Sl 8 LS WU o el ws
s (Thermomechanically affected zone (TMAZ))
(Heat affected zone (HAZ)) & )| > 35U Cos 4l
03 5ot 4L o3Il Ll e ol LB T
S5 Ml g alade a5 bk gad sled sl
S bdgel de gl e 4l sl S
CE A A RS s Ve g N Qv A
-0 o S (6,8 o3Il el A 5 0.88 0,40
o llodly oid Oak L& ospen 4l Sl oS 552
ORI LREIPC SCHN [ PP U AR
sy olpl Gla 5 e 5 e s ad o3Il g en 5
Gracee £) 150 m 5 51 meddie 1,0 55 Lais
Galo & gad w3550 53 bl ol 555
L L L ST 1P JIRE e
sl S o ke 4 S5UGos Sl ol > s
4 g el S ke il Al 5 4l 5o UBys (5345
a5 Ll sl 03,88 g ol i g adlete 5l 90 LG
Coles b o sSre jsb 4 oyl Wl 5 5 aS il
2l s o> s L [15] el clae Gy
WS 3ls Lasis Olg e (V) IS 55 Cilie slad sl
T2 4l gles Sl S0 Il G s
o s s BB sl oS bl Sl sl e,
Ol oo 35 gad odyd il sladsal iy (gles
2 S ol o gl S S 55 68 s
S S Sl s e 03 5 e 4l Ll
L Sl Ojen K25 oK 3 ol sl
SRS Gl M GRS R e
03 bl Ol s 5 elal i sl SO
Sl SHE s,y SKhol Ohen \Sas
SbS Sl e 3 SIS bl

Vool o a5 K gg glafisSse s by gl

W3S D g g e el g S e Sl ks

53 03zl 3,50 TOT5-T6 in )T 55 pbemed oS 5 ) Jstr

(S5 205 m ) Shsl o)

Al Si Fe Ti Mg Cu Zn

ol AR oY SOYA LYY VAN o/A

Gk Sl P esgen 4l bl Ol s

o Sl osliad b 5 i oo g o
Scanning electron ) s, S Sl o sSKus S
J4e  (Hitachi) ~l.» (SEM)

S5 05 il e 4 S SU 1510

> (Electron back-scattered diffraction (EBSD))
05,50 110 b gl 8 J5b ol s 05
(Misorientation) <l ol L gladls; e A (o
High angle ) Jol 5,0 Olge & a5 V0 51 s
2 5 Olye 4 01 5l S 5 (boundaries (HAB)
Loy .Ls S i (Low angle boundaries (LAB))

(microscopy

S e e ol o8 sl e e
J:&Acbdgwléuab&:.iﬁj\m«smmd
Jslas o pls Jlad o3l Gl 5s 5 edd pund 4ls o
A3, 1S s Gl o3I L Jad Ol e 4 ls a
o a0 s 4503 (OIS s Cums

Soxs SN oS S

Jas (Tecnai) s (electron microscopy (TEM)

Transmission )

S DR RS LIS -Vt S|
Ol osle ol OUs ol 5 b (g5l
Sy ol

Gb o Jeol SVl RS el ladsas
Cogo 4 5 S S ebide ;3 ASTM EBM 5 lleedl
S5 iSO 9031 Ll (g3l osbel s b w5 gas
b el a3y » edeeV Sl S L) e

lse s syl pedige &

1PV o5 Dolost ool o S




sl o] Mlhast SUlSo ol 5 bl sy o lpl it e G T

AY

£l b a3 3 ol 0l els 0LE (V) s 55
o) b 20 b 5y 55 g b (65l 50 0l 0 lS (glaals
sladls &8 J= 55 53 0 odis ey S A &ls
Ve A By glace e b B 4
Lo @ s oo o gladils 4 aids 553 Ve
sdd LS 09,0 0) 5 V.0 TA Lugie o3l

Advancing

2O S0 G lS el Olge w anl g5
ol L5 3 A ey Sl gy 5 il SUe
[12,14,16]
L aglie 5o 1y on 50 4l 4l e 4l (1) IS5
Pl e olKs L o5 s e 0L 1l
5o by p Kl el w228 5 gl 0

ol C\f&m‘ adils a)".Ju'\ Ja.wj';a E) (.5 44”_5‘) L L;ud.':\.:

Retreading

Tool shoulder diameter

350
E e 600-50
3 ---1000-50
300 S 1600-50
250
&)
2200
= 150 i
N
U ‘\5:
%100
<
50
0 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450 500
Time (S)

cilses i lace pw 5 435 5 tedes 00 Gl Co b SKasl Gies (505 (slad sad Olj-los glaslsses ¥ ISKE

W33 s Ve 5V e

174V (S ot ool o Sl

Sse s il podige 4t



N

Kl 56 e —(geherl dom =5 5lt] e 03] s ool =& g0 o

20 pm 20 pm

Celu Vo 2o 0l e 534S adds 3 Ve (d 5V

P e

S

HAB (>15%)
LAB(<15°)

20 pm
4l 5l 506 @i b ye sladils o b 5 ol las e 51 208 5 slals SN 3l o v g 0l g bl ¥ IS
e A by Sl Gies (e slaal s 03 700

Lo Lf"'—"b 6JL*‘1;-,'

Loy L;Kla.p‘ QJA.A U;’}" dLlMJ}AJJTG—V'VO “ili)b)b gfk'p‘ le.“h‘u‘: .1:..»}:# o)\.,\.;ljuﬁfe 6&)‘)&&&4&)3“ J},\;—
Lol armles 238 5 gladrs xS 51 Sramw o dew g ool (ls s o311 5 o 3 slaj

pl 2 P S st | ol sladils Lo gze o3l
(i35 5 559) (42,3) (os Ses) £ /00
7075-T6 &L, 5l V4 VA
e Y1 Y/A
(AN \Y Y/0
Ve A 0/\

s okd 03 e 4=l 3 ladils e (55, (Bulging)
Sl 3dzme ) S 3 g g eukins DL S L5
Discontinues dynamic recrystallization ) . 5.0
S 3 sl 050K G Olge 4 (DDRX)
(S G Ky sk O ol Sltlay,
S ol ol 5 Sl asls oS Slaals e 5l sl
Continues dynamic ) atw s Selus sdome H5ls
IS e f}g&a (recrystallization (CDRX)

Sl e &S das e Ol S Olidw mls
533U cpl glaails ol o Sty it il
Lols i Sl Oper S T sk
IS i el sl s s Tl [14,17]
o e elie SLEIS 55 e T SUT Sl
adsl el lS 5 s gladls IS i [18,19]
LS s Res miS b g b ) gkl 4
Shes oS sl 3l o lal (el sdzme ol

lse s syl pedige &

1PV o5 Dolost ool o S



sl o] Mlhast SUlSo ol 5 bl sy o lpl it e G T AL

S SEasl Orer S sbadisel 5 4l b
(8-a) JKo i eslanal (g5 S, oSy Ko
OLL 1y 4y 5 5l 65 Sl o sSs Sen  oad
Sy Sy o8 4 015 0 S5 0l 53 e e
A ey Lledd asie el G LaS s
[20] )5 50 4 &S IS0 gl amibn Slgs s o0
LS 65,5 Dlisws o o (ol O Lol 2els)
Lol asiie) [20] Lgd o el m’ 50 Olspe
ook a el A B o3l dasme b (Ui OIS,
s Co gy BB =Sl
Ole 5 gl &l Slgoy 355 (e85 03 VL L
s (fma K8) g e ST 50wl 56 s gl il
Do o3 e 4l )5 Olgw,y &5 das e 0L (8-D)
G ot S SISl O5en IS0 Jib
Vorn) Sl odd o il 5 38 55 SKen e
s el J555 il Ledids ol (akds s s
CAS aids oy Ve U 05 e e Sl
Sy e ol (8-C) JSKE 5 &S b Oles 5,8 s
Ve (G S b dised 52 o) o 8
Sl 31 oS 2las B 5 ol BL adlds )4
3L Ol g e 1y el Ve 5l 5 S S oIl b 658
[20,21] ( &L s )

S36 Gy lp At el e S &S 5b Oles
Ss 2 S el SO (55 nl bkes e
Oyed s dl 3 Jsb s bl 5y s
DS el s s a8 e U Sl
o3l o Al e Dl Il el Szl
Vorer Sl i) S¥sb Ol clidS 3l e oS
5 03,0 gy ki e Sl Idme (Colo
-Joe,\.jbw.w\o:\,ué)j);mﬁbéjuﬁ
Ao Ve G g 50 sl s e Ol a5 555
53 Ee S8 Whead o alS ik w La wids
S0 2 Sy B> p Ve S S J-
g o Lol sl 8 S 50s 55y Ladls ) e

S S s (Salus sdeme 5l Jsb 5 ol
oS anl b b b a2k ) o
2wy S e OLash b Lol gladils e
[13,18] 552 oo slml ad sl JILLE lacdls 55 5o
203> W) Gal S Ce e ads b w
03 5 DLl sy 53 B JS snd syl 4 50 (adds
Sl (all sk dim gy (Seols s 5l a2
23S sl b e lase e doys 5 el
PP I VAT) PH TR UPINTASIA & BXTS SRR
oS adds s Ve 4 LIS S GlBIL
Loys 5 by o3l b ply 5,8 e s s
5 s Se Y0 IS oS sl b e slag s
Lol olaml (55 805 b Sl e a8 /Y
Waasls o3Il cads o 590 Ve s iy S o Jlesld
o o3 5 s S 0 B e s LB sk 4l
Aas e il Bl w o syl o3 sl e

s bl glos (A o LA WS &S 5k Oles
S R G e e
S o 55 e T SHU G5 s il o1l Ol
o3l SLESU iy ulad cpl i $3555 s S
03 Ol agds e Ve A5 o e 3 il
il 4 1 OF 015 oo Lol o 3 B sl oK
Ll oS Cxtle by e aiey odias ch:w\ ] PRV
Olana .,LSL;A JA:« il o oS >~ JJL‘-A 33 dx.}b:
oL &l o5l l s sl e 0dss (V) Jsd 534S 5
ol adds o oges Ve e 5l LSS s G
G i o By SSU sk 4 e b
i3l e LT o3Il (s oo 4iBs 55 Ve
o e 3 ks Sy e S e My
&N@L\j&w\.xﬁ&yb&:}aﬁ)jahn
B aS 55 by e atagy  Salus sue 5l VL
© oS asl b sl Sl ) sl el
Slds 05 Vb 3 b 31 5L sy b ol sl e
REVUISNENE SR

23 Sl 35 5 o3l (55158, 50 edalie (6l

174V (S ot ool o Sl

Sse s il podige 4t



Archive of SID

Kl 56 e —(geherl dom =5 5lt] e 03] s ool =& g0 o

Sl SO ol SV ids e Ve
SO ARSIV BN A BV VR SO POTJON
Jeomed 5 4 ged YL ng.l.'x.“t Oollass| sas OLES
Sl ol sSes S g Sl Ll Gs g8
o ) [ V-3 (’&M‘ C)L.v}w) )j....é} )LZS)J PHE 5S)
el Sabse S pl e g8 Y (e Ol s
@Wids e Vv a4 IS e Bl el
03,8 Sl Ll 4 cl S r&a:w‘j S s

RG]

100 nm

—a) Sl b e b e 4 ged Ll el 4 Ladils
L asly 5 ladils 50 (555 p sms 3L ol (8
J! (b JK2) )5 a8 by das e Ol
(8-C JS2) 5o s adds popa Ve 5o Slsw i
2oos Ve s gl als 5 Olgu,y ples Il
Ly kol s K5 e cpl ol LS i 4ads
AL azds 5o Ve s el us
“ges & b ye G SR s pes ((0) JS2 o
g podis oS shiles ol ol 63,3 s e
S L e 9 4ES ek 00 ] s e

200 nm

@35 LS s p5 93 JlBTOTETE Wl 5 jllas s @ 51 sy o3 Ols 53 ($o5 35S0 Sy S sl £ 1SS
SV o o3 en amba by e sl sl odd ablol dy S8 dho gy el 53 Sligmy O PN LS PICHHCI R SR
JoS DDosil a3 59310 (€ Lo 5 Jlesl (255 dlaw s ain 53 Slge) SIS w558 akds 5 Ve (B id 5l
Ky b 5o O oM JSKim sl ans Ol oKy ol sla Oy M 655 5 5o Sl JK350 5 e s S lism,
2ol G by e @ G cil edd g b il e e 51 5V LS5 Ll S 5 b)) IS 65 5 s,

Sl e3b B8 adds o Ve dgela bg e d ISKG s das e 0l & oy e gy 5L e (ol sl &l

MalS cads 5o 595 Vv wgad als 50 lls 5,0 51 €y 5ead 53 Conl odd (gl &ils 5,0 Dby 5l ‘_;lew(.»JMl el FSW

(Gl ss Il 5oy Sy (55 S ab g (6l &l 50 Slgany sl 0l (gl &l 50 Dlguny 51,0

14y . o ial o
Wk Ll il oy SID. i



sl o] Mlhast SUlSo ol 5 bl sy o lpl it e G T A

5wl Il wneS (Gais cpl L3 S e Wl 3UT
5433 p ek 00 JUsl o s ) ekl 25
o Al s 4 Aaads e Veve IF - e
0 L d sy Senls sdme 55l oS das e 0L
- JSE 2l el ek il el 53 oS 5b
3 el Jals s adds 55500 o gl
RCOUR I Vo P P P B U PR - [
@3l sdeme ol Gl adds 5 595600 Co s
a5 sl sl 1T e 5 038 @ |y
Ve Co e s &S I s ol olile BL 0T s
OLd 5 LOGl cons Dligony O o cadds 5 550

S il Lo Sls a5 Al el 0l il A

5 SWhsl Gpen SIS 5 sladi sai (225 ol
4 508 e 5B S el ol (V) S5 55 iy 5o
5 el e e (SO 5 Shee B3
Gib 5 s g pdy S il (g pdy Sl
A aeloea [22] (V) ala
(1) dsb sbsslx (MPa) ol o2iS oSl =
(IMPa) (s s IS5
()
- UK cel s el OLAS (V) IS8 s 4S5k Oles
Dper @M 5l TOTETEIUT (5l
W o oltlag, Ol b 4 ( Skl
oyl LS o My a8 Sl 4l el xS
R Gy IS5 Ol 53 sl o3 s A Alae Sl g

450
400 .
350 ooz=s =
= 30 i
=
= 250
~ I/
@ o200 F
n
g
A 150
100 ===600 rpm
—1000 rpm
50
----- 1600 rpm
0 . . . .
0 1 2 3 4 5 6 7
Elongation (%)

S sad ¢l s lly ssee (23S Sy b Sl Oen (6500 g s sad J b Ll 2 slajlsses 0 IS

A.E.ébﬁ)}: \-\" }\'

e i e s s g e 00 ol e L el (5,0

600 | . .
18 |- —*— UTS (MPa) < 10000
16 L —+— Formability index (MPa %) | =
—e— Elongation (%) =
14 | 48000 =
500 - — %
=5 é 12 - <
% | S 10 4 6000 g
Sl
Ezm[) %08_ —4000,%*
=) S, 8 =
r . =
B = & 2000 g
T 1
5L ¥
300 L L . . ; . 0

Base metal

600 rpm 1000 rpm 1600 rpm

oK e Ll i b Shasl Oen (650 5 slad pos b anslie 53 il b SO ol N S

174V (S ot ool o Sl

Sse s il pedige &



A Kl 56 e —(geherl dom =5 5lt] e 03] s ool =& g0 o

53 Sl 0 = W a4 oVl gy S
Olses (8l g Sl G s 53 LS e g 2alS
25— B Glpl o o o ) Sy NS
s B 6 3505 b S e i 4ol
(S56 s sl eslamal L3l Skl sy sy
G ges 3 SWasl Oen a5 o)l Jl £ 5
U5 S sy orl S e VU Sl Ol bl s 4
s eotle 5y Olass 53 o | s Jule SO
S, Jlasl SOl ol ol J 28 pioman

Al o TO75-T6 a ST 5T S50

S5 4o
SUTS56 G5 (S8l jen S5 o 52
b Gdes bty &l pis T075-T6 pe sl
b. Ao e 'C) s 5 L;\:.ALZ_“») Sd= s )}L; J“JJA
DL ..L:IL;O Jj}j;)t?t_wﬁ‘))b ‘}ALS)).}Q L;Q:ALJ“.}
>l s il sy gy als slal als O s
Ol o 3 slaj o o) JalS iomen 5 0350n
Jail (g s I il aalsil Cely oS asl e

S5 £ At SR L S s 23S

s

Dubourg L., Merati A., Jahazi M., "Process optimisation and mechanical properties of friction stir lap
welds of 7075-T6 stringers on 2024-T3 skin", Materials & Design, Vol. 31, No. 7, pp. 3324-3330,
(2010).

Azizi A., Aalami Aleagha M.E., Moradi H., "Investigation of Thermal, Mechanical and Microstructural
Properties of 7000 Series Aluminum alloys Welding Using Friction Stir Welding process", Modares
Mechanical Engineering, Vol. 14, pp. 148-154, (in Persian), (2014).

Mathers G., "The welding of aluminium and its alloys", Abington, Cambridge, England: Woodhead
Publishing Limited TWI Ltd, (2002).

Mishra R.S., Ma Z.Y ., "Friction stir welding and processing"”, Materials Science and Engineering: R:
Reports, Vol. 50, No. 1-2, pp. 1-78, (2005).

Mishra R.S., Rajiv S., Murray W., "Friction stir welding and processing", ASM International, (2007).
Arora A., Zhang Z., De A., DebRay T., "Strains and strain rates during friction stir welding", Scripta
Materialia, Vol. 61, No. 9, pp. 863-866, (2009).

Mousavizade S.M., Ghaini F.M., Torkamany M.J., Sabbaghzadeh J., Abdollah-zadeh A., "Effect of
severe plastic deformation on grain boundary liquation of a nickel-base superalloy”, Scripta
Materialia, Vol. 60, No. 4, pp. 244-247, (2009).

Mahoney M.W., Rhodes C.G., Flintoff J.G., Bingel W.H., Spurling R.A., "Properties of friction-stir-
welded 7075 T651 aluminum", Metallurgical and Materials Transactions A, Vol. 29, No. 7, pp. 1955-
1964, (1998).

174V (S ot ool o Sl

oo s il lige &



sl o] Mlhast SUlSo ol 5 bl sy o lpl it e G T AA

9. Jata K.V., Sankaran K.K., Ruschau J.J., "Friction-stir welding effects on microstructure and fatigue of
aluminum alloy 7050-T7451", Metallurgical and Materials Transactions A, VVol. 31, No. 9, pp. 2181-
2192, (2000).

10. Rajakumar S., Muralidharan C., Balasubramanian V., "Influence of friction stir welding process and
tool parameters on strength properties of AA7075-T6 aluminium alloy joints", Materials & Design,
Vol. 32, No. 2, pp. 535-549, (2011).

11. llangovan M., Rajendra Boopathy S., Balasubramanian V., "Effect of tool pin profile on microstructure
and tensile properties of friction stir welded dissimilar AA 6061-AA 5086 aluminium alloy joints",
Defence Technology, Vol. 11, No. 2, pp. 174-184, (2015).

12. Fuller C.B., Mahoney M.W., Calabrese M., Micona L, "Evolution of microstructure and mechanical
properties in naturally aged 7050 and 7075 Al friction stir welds", Materials Science and Engineering:
A, Vol. 527, No. 9, pp. 2233-2240, (2010).

13. Goloborodko A., Ito T., Yun X., Motohashi Y., Itoh G., "Friction Stir Welding of a Commercial 7075-
T6 Aluminum Alloy: Grain Refinement, Thermal Stability and Tensile Properties”, Materials
Transactions A, Vol. 45, No. 8, pp. 2503-2508, (2004).

14. Su J.Q., Nelson T.W., Sterling C.J., "Microstructure evolution during FSW/FSP of high strength
aluminum alloys", Materials Science and Engineering: A, Vol. 405, No. 1-2, pp. 277-286, (2005).

15. Holman J.P., "Heat Transfer", McGraw-Hill Series in Mechanical Engineering, 10th ed.: McGraw-Hill
Education, (2009).

16. Gemme F., Verreman Y., Dubourg L., Wanjara P., "Effect of welding parameters on microstructure
and mechanical properties of AA7075-T6 friction stir welded joints", Fatigue & Fracture of
Engineering Materials & Structures, Vol. 34, No. 11, pp. 877-886, (2011).

17. Su J.Q., Nelson T.W., Mishra R., Mahoney M., "Microstructural investigation of friction stir welded
7050-T651 aluminium”, Acta Materialia, VVol. 51, No. 3, pp. 713-729, (2003).

18. SuJ.Q., Nelson T.W., Sterling C.J., "Friction stir processing of large-area bulk UFG aluminum alloys",
Scripta Materialia, Vol. 52, No. 2, pp. 135-140, (2005).

19. Haghdadi N., Zarei-Hanzaki A., Abou-Ras D., "Microstructure and mechanical properties of
commercially pure aluminum processed by accumulative back extrusion”, Materials Science and
Engineering: A, Vol. 584, pp. 73-81, (2013).

20. HuT., Ma K., Topping T.D., Schoenung J.M., Lavernia E.J., "Precipitation phenomena in an ultrafine-
grained Al alloy", Acta Materialia, Vol. 61, No. 6, pp. 2163-2178, (2013).

1PV oS Solod ol o Sl Sse s il podige 4t



AB Kl 56 e —(geherl dom =5 5lt] e 03] s ool =& g0 o

21. Rhodes C.G., Mahoney M.W., Bingel W.H., Spurling R.A., Bampton C.C., "Effects of friction stir
welding on microstructure of 7075 aluminum®, Scripta Materialia, Vol. 36, No. 1, pp. 69-75, (1997).
22. Kumar P.V., Reddy G.M., Rao K.S., "Microstructure, mechanical and corrosion behavior of high

strength AA7075 aluminium alloy friction stir welds — Effect of post weld heat treatment", Defence

Technology, Vol. 11, No. 4, pp. 362-369, (2015).

e s iy lle elige 4 TP G Solod ol o Sl



