


SN Cay il 133 gili b of yob akao oI T (S 349 diao ) Cad Jgumols At i
e laid! S IKho! Oldos 3 calazw! b TiO2

¥ . Y \ .
6;:M> C\J..a L..A) Lo ¢ L5'T§}§ Cramas= J.:.A| 3 sﬁla Lo

oS s s gy ) edd S Che Ledigs iz sl eSS Gl galazsl SShe! Olhes

ol s Ll 4;.'9]? Sygee O Goy 2 6oL Slidsd Ll glgdle 53 aS Sl s lazel 6§l§h.¢\
S 35 Sl53 45U 1 eslazwl Loy YV (6w rf‘f”ﬁ” Gus Sy S Kbl alizkl Sldas Guiss
plomil L5550 08,8 L18 gwsr 35sm sdd AT b CuseslS U olss 5 ad plail TIOZ sans
5 s CS e S Al T b pladl Gl bt esgdon G23ly 1 oday 4S5 Do opl 4y Gedised
5 e dhazx 1 CujseelS Joles s il sldal JIU Geew UAE Okl algs kOS5 > G e
it 11 edd wistle o jseelS a8 51y Ol @L;s .C,.'ejf D bt s Sl ol s Cwglia

h' A% u.a.ihi.o raom | oéjf |J..:4_. S gagd jas ()T g_s‘j*iL'“‘ d.a\}:'- 9 el Aib_. J'lé 4 Canand Ja'\ﬁ 93 159l

.:}:46.0.4' oda line C)‘): }JU c.q.>'=: )‘ LSJ” 9 "\'fLiLS'ﬁ D g Q‘): G‘j}: L'G"‘“li Sldas J.\.“J.a‘

g:‘i.l“" 4 Cglan LTi02 Ev.:.:ﬁ}]T gu::]a.w C_,.:_)‘,._.Alf }ab ZLg.'\:lf e jly

\

G Al E slge piliga iyl wlid IS (g il (b mins oSSl
Sisls”

:b‘&;}:{ﬁ@x}wo&w

=, ¥
2l

:b‘&;}:{ﬁ@x}wo&w

www.iran-mavad.com

305l 5 3l se iga S5 2500 ga 5



szls Alas ) &;f‘j)?ﬁtf A:J)}'

FYYs -7y

03 3 5d g ki 3,l5e 5o lesT 5,0,18 Cusgdos el r:;.:.a‘,” a7 (,.f Dol il ey Ceglaae
ool 4 Conglae akas J1 omba olss alewy 4 15| dids jas 3505 343 b lad 4S8 las U8
Coshi lews 4 Dl gmbe s a¥ Lg23 aS Sl ol 5 Oatlaa 80 b 1 s ph e pasde pate )T
Colda Cumb 5 s mhaSls alax 1 555 ol Sl le osle &SUL Sl 55 Wisd Co a5 (la suiiS

JV ]l 65,8 Las |y 555 &yl >
o 55 a5 el bMas | Sbwl K85 aly 0 oSeuSs &K Lalazil S She! Slles
oo 4k p) 53 S pSadar Séjh Lol la Jle 53 s As 10l 0 0LadSSl b gm b ge Lo 57144
Calidea S5k GLaSlIT mba b (ool ,m D155 03,5 S 55 sl FSP 31,0 gls Jle jsicnl 5,8
50V USKe o Y]l e esldzal b cla o aelS A g ke 4 (2 ee 3 r:;:,,}H ala= !

ol o 0303 OLAS Al b ol Silad b

Hlazel (S8l Al plal Kled &b ) S

4FSP
STWI

www.iran-mavad.com

305l 5 3l se iga S5 2500 ga 5



Ol 65 ey ok ol 5 (S35 M pmnckige (pazel 857 ke Eslan eati

s 1y Ti02 ediiS Cu 55 O155 L ol jan r:;:,,jﬁ b s CusaslS ol ilHSas s Hsu
bl (SShot 45T 5 dob 5o YU gles 5 L SKawdy JSE uar 53,5 5,158 LT [¥]as,s
Pl dm e $SGa g8t LSl a8 sua (T Fe, NI ) Ko il 5 Al fu 23Sy Sels Ll e
Zhang .cuws mbls Gl FSP Jsb 5o sl (mtsl&ﬁ 5 e (B mhe 4 Ll e oK Wl
05,5 bghina 51 e a8 3,5 ool 4 Li5,S mss |y Pl ey s odd azstle CujsaelS i1 ISas
a3 15 LT Qe s, San VY 153 05100 L pnilag dewSTT 5oy 5 SR, WY D153 o310 L e 50T s g
Sldas Coei 1) b s uaw LT [Flais,ST YV i\: CJ}; A VYT las 5 5 es,5T 0 Sl Oy s
A1 o5 e wisai s 2 FSP Ll ¥ planil 51 ey 515 0L LT L1 azmati sl 155 Lalazs) &S Sk
il e ]SS2 TIO (Sl yoolas 5 a-Alz03ALTI Sl )5 cpsuiles demST| 5 paieo 5T o 22815
SIS Al edd LSas Ol (alizsl SISke! Sldes o558 s Obe) Juds a0 W@T ki Gub
Sl i Ses 5 Qian Ldile dalss 5L U wlds 3 SlL3 ol eldil ol el dias e Ol 35
JeSas 31 53 a8 WisL,S 51558 5 WS w1y VY reiea 3T Gos S35 p o paailid O1y5 03458

[a];‘;.-»:‘ cJJ§ |.o\..:g: u,:.ib.a\ A.iLg: J.La leia,w JJ.‘JJ. 9 dgd> Y C,.ij}?.ﬁlg 625;.»: 4A13Tl Q‘)J

TR S
G (995 9 lgo
‘5{‘..:.0..:.3: g:,.:fjf L;{l.]a.ﬁ 3 e le.:.ﬁf il Lf AR & r..:.L.:.A}.‘T é)_, )\ dxhw C,i)'}.;.ﬁ‘.f 4.:.6.5 LS‘J’.

.C,.'BJ? )\J.; oslanwl S)sa ‘51[.:.0..:.3: g.,.:fJJ Cyaa®d LS‘J’. LSJ;A}ZJ‘}{ Q}.A)'T.J..i oslazw! J_,J.q—

el T 819 (o bowd s 51 Jou

Al Si Fe Cu Mn Mg Cr Ni Zn
Base WAERN) AR WERRE] o0 oy R Joorn T
Ti Be Pb Sb Sn \4 Zr | aeeee | amee-
X [oaaar Cav [o VA ° aA N N A

dns o 4igad aS L ol 4 ,\;;éjf D8 o, OMas o LT s G sy 5o AT ,3 pl=il J=3
Gles Ulsa j5 Celw ¥ 51 s 5 odawny :\Jf il a3 YO gles 4y Laams gles 1 5 (8‘.9.&;" 5

Ad e lanw! C;ij}.;.ﬁlf sl L5|J‘. 4.'..:.»)' oS C,i}j.J Q‘}.'..G 4 )L:LJT )LB TlOZ BERT] )‘ SRR S .b..:x.ﬁ

% In situ

" Hot forge

www.iran-mavad.com

305l 5 3l se iga S5 2500 ga 5



ngls Alas ) C_.J_)",?Alf -\:J‘,J

33 Gus S plamil 51 my 3sr jrasili Yo a1l geilee b5 1K 8T 588 Gl oslizwl 3y4e 454
05 olel SY 4 uie )4kl S5l eslazal Loy SR oKz Sheslazwl L ogyld Favae)o mm gla o514l
63,5 518 as S5l o s Sraddes N Gligs 5 Y Ges Giandis VO Jsb glhls HLd ) Al sl e Gy Jsb
Gheo ¥ OT glas,l s soe Jhon ¥ o Sl za Ghon Yo S50 ails k3 s HIB U 008 5¥ 58 e 51 e
Sk 5 o b Qlpl asl aane Voo SISko! Lalazel AT 5 gl aaze Olee 1 .34 e

23,8 S5 ey 3y ea Ll iz
Sy 9 g Wi

O s S easdeee 5 Voo VFer TP S5 s ensdone hole)T ke e adiz 51 e
PV e aligs gl el Ol s as Ol ol sla aalesT Cl;u’\ sl,» YO-Yo mm/min
Sl 5n Caglie axkd oS b 153l LS sk 4 e bagzelnl ol b oedd sl gl Sy saslS
il il ps 00 e Coaslin b (i (sl gty OVolan G @dly 5o AiST ge Ty Rl 58] OT sl

[#]om! cwliza

el odE 63,41 Y Jg,& 05 Sglaze Jlanl ols G w53 4SS e oy (gidee Ol panid

Hardness Variation

=¢==25 mm/min

Hardness(Hv)
N
(0]

50 mm/min

=de—75 mm/min

800 1000 1200 1400 1600
Rotation Speed(rpm)

S9lie (1590 S Cas gw 90 (iS T8 g > g (S D i T ICH

Cﬁ.ﬁj.w ] 625;.‘» Q\J.:.:J't;
60 -
cla sy 5 kxS -
_ 50 - 7‘ .><
a:)j‘ Y Jg.& BE Q)Lﬁ.lﬁ ‘5.‘15-]3-
40 - ) )
=6—1000 rpm | ol
30 -
1200 rpm
20 1 —&—1400 rpm
10 +
O T T T 1
0 20 40 60 80

www.iran-mavad.com

305l 5 3l se iga S5 2500 ga 5



Ol 6,5 ey ok ol 5 (S350 ppnkige (pozell 657 ke (sled peatih

Sglite  JWESN (S Cas g 30 (NS 2 S g o> g (AT D gk T IS

el g 0350 BLSU HIS abd ay 59,9 Oyl adds 55 593 Ve Sl e e 53 Ay g Lk 4
5 35 mes YU (318 05151 a5 1S axked las Cs ol 53 Guizees dils O3S O3 @88 2sd e
JoSis Al203ALTE SLusT) asile los 0diS s 5 dtin Gl pimnw 53 ol 50,5 SlgiiSTly
0o by als edalie ambd U e 5y Ll o6 as S, aids 53 593 VP I BE L NGV e W SN S P
g la,nel,l Ol pse 4 4dids 43 553 VY Slygs e e s VO MM/MIN Lbst Co e 5,8 L

A B R Qij}?ﬁlf u.o\‘,:'- S50 u,-:l._a: Sldas Jj\

S igaals’ oled g1 wly daal Hil cwiy Sy disgr SIB piio =Y J9u>

Bges 0 les ) b olass
(mm/min) s | rpm) _gl,se
7 Yo \Ye - \
\'Y Yo VY. ¥
VY Yo \Y-- Y

dry 45T i 5 ol 4 A4S el SRS 6o lgwly JulS Gligaes L ilizil S ISbe! Slles
a0 JSa ads B aLS s 5,8l sl 4 3, 8e e Sl 1S5l A e S ool e bl e
'B) )\:}*3 .J..i‘.{ g C.o'-‘);g.: ‘5;5&.»/1 E) oS C‘“‘l)'a: C)‘): C:)')J PYPNES )‘ C....i)').;.nlf dé‘)’.. K] oda S99

Aas o OLa |y aisad ¥ ol 55 i 5 ,Kee (5,.5 o)1) s

www.iran-mavad.com

305l 5 3l se iga S5 2500 ga 5



szls Alas ) &;i‘j}?ﬁlf -\:J)J‘

Micro-Hardness Variation

60 -

_ 50 +

>

I i

= 40 == Al

o 30 - 1

b = pass

5 20

- 10 - === 4 pass
0 2 pass

4 -3 -2 -1 0 1 2 3 4
Distance from center of stirred zone(mm)

Glize S wl b 0ALFSP (Sla diged 1O (iSkw 9, Km0 (S a8 03I malis - ¥ K

Wgai 4 bogsge i cazdly Slazél adlbis 4 bogse 55 e Gblie 5o Cwlay YU JSE 1 a8 skiles
Jads as Wilgs o yal cul iCaw!l 5V e FSP Wl Y L aS (ol gad g23=w ) o FSP Wl F L 457 (6l
Ods JuSas s Saalissge i gla STl plail 5 D153 sl S @is oliEle 0uad 55, 4l

sl anl e e 53 Al2O3 3 AISTI alas 51 laj
Sesbal 51aST ubiles LSl sdd e, amly lazi| adbie Sos0 0 sSws,SKee uslead L gead s
534S (G ds 34 e OT O LT S iS5 sl le Odd T Gy 4 jamie lgwly sldas Ral5hl Gl
425,55 Oyse 155 4y V5l eyl 035 pa Jes 45 5505 sum s Ablie el ) L edd AT D eelS

| 425) O J‘ )LAL{ ‘_fﬂl.i ¥ L.w}; o u\.:.‘}; \“_«i)’j.;.ﬁtf BE) .U_}) U'-’-‘ Lol sl

Nugget zone *

www.iran-mavad.com

305l 5 3l se iga S5 2500 ga 5



Ol 6,5 ey ok ol 5 (S350 ppnkige (pozell 657 ke (sled peatih

bt (T ol ¥ (0 ol ) (A dxbly (BlExa1 ddlaie sLis Lo 1) 50 ol Slasi il — JK&

[_}‘,.AJ'T el ...J)Aq- BE o J.f.) LSLA 43}».3 cC,..i)'}.;.nlf LS':“'-’-L“” f\j? ) ‘..@..w‘.._a: sldas JS" S0 J‘,Jé.;.n 4
B Bl QL:-J._{ cii.w.i: 9 \;i).j.?.ﬁ s B B ) "y el 3 UZ’-‘ 4y w\;léjf )\Jé ég..“.g_.a S 52 a2 &itw
L.S':;"w Leow 6LA J:..A‘JL?: utx:\ J:J: A st ey )}h.? laa A ula;." ).Jg'.’.j A\ S 9> 625;.»: l.f ;Y;é

R Ji'.’.: LSLA 43}&.3 4y \”_«4:—\»..; LAJZ.A\)L_’: U'-’-‘ \.3 ol .X.:.“’J C.«..:)‘}.;ﬂtf J.:yl:.

| ol 4“.3_\.5.4: Ji'.’."\g'.’. Lf la 43‘5».3 d'-’-‘ Q)_} u&,ﬁ\f Q‘J’.:..A J'.’.j Jg.& BE)

4
3.5
3 3
2.5
3 A
— 2
_15 1 pass
1.5
‘:4:,; 1 ==fe==1 pass
==é=7) pass
0.5
0
0 500 1000 1500
(Se) il

Gb 5 4 Cuwd (B Iamol” 4903 0939 AT Ol 9 FSP o (b Slusd J1 jla g0 -1 IS

www.iran-mavad.com

5305le 5 3 sa pustia GBI 25k o s



szls Alas ) &;i‘j}?ﬁlf -\:J}:

Sy 45 el jadia i a4y 4z 55 Ll ok 03,57 Calides (5ls €505 05 28 Ol 5 (55 15 505 o

Sty VL el bt le 0ad 5 ey s ebliae] S Shol Slles Jsb s 4,8 S8 gk e Ol
G 5l meS eylsen sl syl Cu3seelS 55 055 LAalS ldae 4 (gami 4 358 e il 4 Ceglase
o asd> 53 jme Vere 53 0jy ShalS hade odd FSP Ll F L a8 Gl wses 5o s Sl il e o7

..L:'»L.g ® 4.:L._a= Jls (ﬂ}.w

v

-12 12 _

310 -

; g - mAl

8 1 pass
© 6 1 p
5, 4 M 4 pass
[, 2 M 2 pass
“é 0

1
A gai o jlad

g Y eee 50 Galiske GID digas 039 MBI Olime y wl Slaai 4l —¢ Kb

SIS LM 5 sl oV aS 55 e LSl oV 55 L ol 5o sewie s 3T ae) (sl S5 galS 2ol b s
e 3l e 51 oo gelS sl Sl Lgs asmml 58 s sdubmml lassl 4 L (Mechanically mixed Layer)
& oo plie MM 487 Cl 0l otalin . Coasl 13555 5 o5 5alS e SUT @ S holian e 5 Sl 0l LS5 55 ol
oo T an S 5ol o oy Lo 5l T Jlast b o8 ML Y caitn (21530 1y aien T e (gl S 50l 2l 3
ol 0¥ ol A S 5 b 09037 Cod 657 ols @500 55 V] 58 o0 0o S jsnelS ate SUT 51 50,5 e05d oo JSKi0

AEL Al 5 4 o Sl il il 55 Caglie Sl LY 5 lg e oS sy Latie 6K,

35 48 kil doas e Olii 1y Oslize Glgwl boodd dd 5 Gl CujgealS eSIShol o yub ) 15500
oyt ilaztl SISkool Sldas o) dan mbow @5l G jamlS L Canl odli onls Olias & S
S hsl Lo s JaalS She il o skl o al a8 Gl 05,5 Tdy 2alS 4l b 4 G &S 1Skas!
L SIS hes) o, 45 Sl 0dd a2iS ST ob 4 Cails zdua Jhal581 5 ls o315 J2alST Ol e 1)
G151 U SIS keol o s (alS s ety Jads Ao e ol e 2alS cesle &G it o158
lKia mhew 55 SdemST Y 2eSs 0dd S JSKhe 4y 1y el Gul Gdiee 5 (s Sl eddi Olyy 3o
aails bogs e Siola

[A]as!

www.iran-mavad.com

305l 5 3l se iga S5 2500 ga 5



Ol 6 5 ey ok ol 5 55 Min pmrign o) &S 22 tlos et

0.6 -
0.5 -
0.4 -
mAl
0.3 - 1 pass
M 4 pass
0.2 - M 2 pass
0.1 -
O -
1

Solize Sl by b oud FSP o 4iges 18 &S ISkl ay o duglin — 0 K&

(S S A

G pien 3T SWIT Ghole ol 5o Coaslin 5 (i 0155 oo 3 laas | SISkl dnl b planil Ly )
Ai 15 plamil 51 day 48T (G mmi 4 315 EALS 1) o snelS SISkl g s s SRalE 150
3,8 Mgy palS pam 65 s gde 4 05 RIS 5 AS s Sl b e dlaze] SISkl
svomm/min _bs Coew CujsealS Sl 5 algs byl ,d 4 Odaw ) Gl dings Cos e =Y
Al odsd Aigal S92l uf.x;f Oely la Lo 53 Ll allBs 53 593 VY iy es e e
RO Jg,& USRI NG Jg.&.« Cely a8 Sl HIS aabd 4y il 63959 Dyl s 4y aS

".9:“6"’ J..‘..i\Jé BB oT EBEE

www.iran-mavad.com

5305le 5 3 sa pustia GBI 25k o s



ngls Alas ) C.J_)"’?ﬁlf J:J"J

S 5 oS S 525 D155 5 S5 sl Ol le 04 S35, 4 e Lewly aldas 1500 Y
Bl cé\_, 23 s g Al ,e e 53 Al203 5 AlSTI alas 51 g) oS Cu 525 D153 Jlaz>] 0us

3,5 oylal Gl (ol s 5sugs 4 0153 o D155 ol uSas gla ailis

& yo

Cavaliere, P., Mechanical properties of Friction Stir Processed 2618/412
03/20p metal matrix composite. Composites Part A: Applied Science and
Manufacturing, 2005. 36(12): p. 1657-1665.

Mishra, R.S. and Z. Ma, Friction stir welding and processing. Materials
Science and Engineering: R: Reports, 2005. 50(1): p. 1-78.

C. Hsu, C. Chang, P. Kao, N. Ho and C. Chang, Al-4/ 3 Ti
nanocomposites produced in situ by friction stir processing. Acta
materialia, 2006. 54(19): p. 5241-5249.

Q. L. Zhang, R. Chandrasekar, J. Y. Howe, M. K. West, N. E. Hedin, W.
J. Arbegast and H. Fong, In situ Al (3) Ti and Al (2) O (3) nanoparticles
reinforced Al composites produced by friction stir processing in an Al-
TiO (2) system. 2011.

Qian Jin Wen , L.J., Xiong Jiangtao, Zhang Fu 1, Lin Xin, [In-situ
synthesized AI3Ti-Al surface composites by friction stir processing.
TRANSACTIONS OF THE CHINA WELDING INSTITUTION, 2010.
31(8).

Chattopadhyay, R., Surface wear: analysis, treatment, and
prevention2001: Asm Intl.

Rosenberger, M., E. Forlerer, and C. Schvezov, Wear behavior of AA1060
reinforced with alumina under different loads. Wear, 2009. 266(1): p.
356-359.

Deuis, R., C. Subramanian, and J. Yellup, Dry sliding wear of aluminium
composites—a review. Composites science and technology, 1997. 57(4): p.
415-435.

www.iran-mavad.com

305l 5 3l se iga S5 2500 ga 5





