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ARTICLE INFORMATION ABSTRACT

Cladding on metallic products is relatively applicable in industries, e.g. aerospace, automotive and oil.
One layer cladding on metallic specimens could improve mechanical, thermal and corrosion resistance
properties considerably. Nowadays carbon steels have the highest share of metallic materials among
different industries. One layer cladding on this type of steel with the aim of enhancing the corrosion
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resistance could decrease the price of them when they are put into use in different conditions. In this
study, for the first time, cladding of the carbon steel by 6061-T6 Al alloy via Friction Stir was carried
Aluminum Alloys out successfully. In order to control cladding, the effect of different rotational speeds and traverse
Mechanical Properties speeds on mechanical properties and structure of cladded layer was inspected. Results of shear test
Cladding showed that by increasing the traverse speed the shear strength of the cladded layer increases due to the
addition of material into the joint area uniformly. By decreasing the rotational speed and increasing the
traverse speed, the generated heat from friction decreases and prevents over-stirring in joint area and as
a result the shear strength of the joint will increase.
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Friction Stir Welding

d)lS""? .[3,2] ‘32775&5‘“ )l)é ool Sype Caabeo yO ob).'l.mf S0l dodo -1

S ey A Camd S (65 4 s Jdeay oolexél SISl
Lidlos 55 5 09,55 b 5l solge solitul pas o [5,4] o535 Ssso
e g (S Jaregil donled Cato 0 jueliadbse Usygo 4 o), [6]
Ok 2 69 b Wi e 5 Il sla el 0,5 g 51,8 ooliial 3,90
ooy ol o Syl adgs 5l slodws O sl asly Syl adgi g eole
I7] silse 20% s905 ;0 5 o5 odds ol Syl> S 0 Con g
ST b 5l aleel olge Jlasl glp colesdl Shol ) Kie

Please cite this article using:

5 yeelS rohe cole gy S S ooleidl Sishol anlp
(1] O G o L T S T S SRTILA S TR S
SBlasl o,Kas ail)d 5l as wo s gl 1) ald (] 1991 JLs o
il eeslazil Sl 6)Sisr 3 el oad a3 S, slaxd
So b al 1 g0 S i gl ,0 wdbige o g als Jols a5 gloais >
osle ;o 18 mbaw b ailss oy ol ;550 B 5 0,5 o 1,8 Byl agly
SLly )0 Syt 9 (A5 ES 5> 90 b oled o A5 (0 B9d 4l
B061-T6 5LIT cagiegdl slasldT lo jo 2] o5, 0 (ion Jlas! L5

s los oalilw! 23 yle 51 Wi ol @ glanyl (shy

A. Zohrehvand, M. Farahani, Cladding of Carbon Steel with Aluminum Stainless Layer Using Friction Stir Welding Method, Modares Mechanical Engineering,'Vol. 17 ' No--4, ‘pp.

410-418, 2017 (in Persian)


http://journals.modares.ac.ir/article-15-4477-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:06 IRDT on Sunday May 13th 2018

SRS Lo )dezxs 9 Ai90 )0) Sle

hlingl 55 douol (g g Ju,)ﬁaua,m,ﬂ'u)a._ﬁ) AV L Siu)S ool dVgd G5 Hinsyy

Az Slodys dlg Axwgi 50 iz gy g ol plyie 4 il e (LA
855 558 oolaul 0,50 YU 25 g bl anie L4y

= S lodT plxil 9 (5 )ludigos -2
SOy 4 gl slls a5 B061-T6 pgicagll 5LIT 51 Limgsy ol o
§ e (>lg 0 (5 (S0)s5 4 Cuglie § (g kel e o e
ool 00 00liid S37 oV mhaw g1y e olsieas 3] 5jls Lbjs
2 e 4 B0BL-TE psoiagll ST (SlSe ol 5 (aloard S 5
5 O e ke SIBT Y8 el oad 03,51 2 5 1o )led Jyur
S 55 s wile mlio 5o ond wsly oVgs 35
ot oS5 el 3l 2S5 3l ol mlio s glos S
ol 00 03,51 4 53 Jguz 0 S g SEB7 o¥es Sl olys g
150x100x10 3uios ol 45 od oolil SE37 o¥gs al 5l ol
Caz gehe 2 Culis 4 B061-T6 ogiresll 5,5 ool yio Lo
03ls i Sl s b baaigas _alad o oolitiul sYsb (55, p RO iDs
ool 418 55 plnil 355 55, 2 (il Dlles gSgen g 0ads

3 yesks 2 culis L 60BL-TE psriagll 35 eis ol yo
8,5 )8 ol g e 10 i L SIB7 (60Ys8 (55 5 Vb cod
R gy SeS 4 parteell b goVsh Gy o tdy 4 e &S
" 1S s o asSoles s alezél  Slaol o5 s
5 Syt Slygd S8 > 4w lile Brae e Il el sad ssls lis
SO9ee S5y 9 (9> S b radlige IS a0 35h slp so90e
S Sl sl Caz adsl &S a9 03,5 Sei I glaw s
gy oo () 1 S j0 a8 o &Sy euditee sliwl, 5o ool yo
b 50 g 00 (B ol )3 g eSS g 0aile Sb ]S gan b )8
oz 3l Brae it JlH Syl Gl o 0 e 3Rl e
3 asly b (goges jomme 4 Coad &5 el o ool S5 B LS
59 ol Slgiinn g ol oolaiuwl IRl e dwdid W B CoaBge 4> 0
4 porieagdl {101 0958 @ pgiadll (sl ilid] Shaol (s Kos

6061-T6 porieogll LT sl oo 5 1 Jgar
Table 1 Chemical composition of the aluminum alloys 6061-T6

Al Mg Mn Zn Fe Cu Si  Cr Ti

al 084 015 025 07 024 054 018 0.15

B061-T6 psiogll 5LIT Slsls olss 2 Jguor
Table 2 Mechanical properties of the aluminum alloys 6061-T6

ks e N
(MPa) (MPa) (%) (HV)
240 290 9 85

St37 5¥s8 leord oS 5 3 Jou
Table 3 Chemical composition of the St37

Fe C S P Mn

ol 0.17 0.05 0.45 1.14

St37 o¥gs Sl oly> 4 Jous
Table 4 Mechanical properties of the St37

O Ny s
(MPa) (MPa) (%) (HV)
235 350 17 130

411

oolitul v g [9] mujeie 4 pgiegll (slailIT [8] oV58 4y poried
Vgb a pgriagdl SLIT L g, (5 Kisr IKen 5 Sig5 09 s
ks 515 aslllas 550 oileiél Shol 5 Ky auld b1, o5 5
Y 4 Jlasl o o¥sh sl Y il 1 s Sle | slayiags ob 4
ol 101 el sz 3550 aml Byb g a0 paaiagll YL
Lol o9 oo Jlasl plSiotasl ol o 0¥ 58 Crws Y 50 o 35 Gos
S5dise 03,55 (2UsS loj Dde ;5 9YE 1O [ S58 Bes I
lay;e Lials cel paiagl] e 4 oads ools idg oY la1]
Vb (50,05 4 Cuglie Jod 5l Jle (plos (oS5 oy 4 edise
slhy) 5 LSS b aY v 3l cluio adg ln ol
O5armS [14] (635i5 wigw [1312] (g lnisl (o S5 o 51 (5sSLsS
2015 Jlo ,o ol oads aloul [17.26] cou sl b ol yen 5w 8,6 5 [15]
solaiul L\ o= L\ IRWRIN U’““‘J}‘ o}bs Lﬁ_iulSA u.o‘P 9 )L._>L..J).>) x
pll Bdlns 557 L ()09 g tlanél Sl o) Kbsz wnl b )
bawlio jo colasel Slaol o Ko als ojlasl a5 adly o 28,5
S8z anl B3 g el JESIESs g S, Ll 8L o Klex
odd odls Lidey ¥ > S5l caeled A me slixel SKlaol
B L, Kaex b ooads oals jidgy aY jo oS Jlo o 05d i caslin
5 9uY 2016 Jlo ;o 18] coul onss bl mhaw 3 ol slocS 5 Ladlxe
b9y ST ay Vb 4 pniaddl ST G g, I s ) Ses
Jdoay a5 wis aseine aiiBle y anbaiy colasél Sl g,
ollaeiil cov asl coV¥s b Y [0 o o Sei (e
ot a4l aS Iy ol 05 s 6Y58 b aY o JKSlSege 5
Byl W (39,5 )l Jedots porieagll Y 5o JSilSage 5 lebos 3
CanSss S o eisS Cad 0 el 0Lyl Wb w1y eull
Sy lesl (Ks cwd jo oS Jle s ab saslin coleSy
o 030, poriegll Y 3 JSilage 5 ldes b cov asl
5y A o) Kssx 2016 Jlo jo il San g s 19] el ons css
Llg Y 5l oslial b 1) 6061 agiasl 4 SSE316 5 5y oY¥sd
o] oy bl slead] Shol o, Kis> anld SoS 4 5 59, 5L
oud Sy pgriagl] 50 001 Sjgohs 59y a5 Wiy et al @
Gy o Ay Sl § ) o )3 (59, B aS cpl alasMo B 4SS
b poslbis 5UT (moiibe 2016 Jlo ,o [20] col oo ise jtiv
el (2lazdl (SSaol ) Sisz (g5 sl SaS a4 alls pseiasl]
3,90 Jlail Lolem 5l Sldes g 0l gloysin Sl aslsl jo g 0l
bz 5 Sl Gl S &S ad patie (3515 e
039 ‘e}ul...u a |b5...‘...o5.|—| GJL.Q 4y g 6J..o| ﬁfulia LS‘“’L“‘:"C" éwl
oYgh mhaw (80 b (6 pd el iy p 4 pols dllie s [21] e
olezdl Slaol g aulp Ko 4 6061-T6 agieddl L S37
e Syee Jlail LSl 5 SGle Lelss aslol jo il ool aSls
ol 428,513
LS ool o¥sd mhaw (23 b slp aslllae sl g ool
gl o luzel (SBhol )5 bsy g Ghey by psriees]
SBhol S5 a5 ol las 4 sbul wyp aibe Hodlow

! Interlocks

4 o plass 17 0931396 5 LSl Aslse G Sis


http://journals.modares.ac.ir/article-15-4477-fa.html
www.SID.ir

LS Ls) Jaze § 3390205 e o] STl $)l0bga 9, &1 egaizedlT 03353) AV b 5isS 03l 3Vgs SIS HiuS'9)

Downloaded from mme.modares.ac.ir at 15:06 IRDT on Sunday May 13th 2018

Axial force

Tool rotatin Welding direction

AA 6061-T6

Retreating side Advancing side

Shoulder
pin (ally Si7 (<)
(@) (®
Fig. 1 Schematic cladding process a) Rotational and traverse motions and axial force of tool b) cladding after the first pass
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Tensile shear test specimen

Fig. 5 Photograph of shear tensile die
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Fig. 6 Photograph of tensile shear test specimens
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Fig. 8 Cross-section macrostructure of clad-plate samples a) and b) rotational speed 1200 rpm and traverse speed 35 mm/min c) and d) rotational
speed 1000 rpm and traverse speed 35 mm/min
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Fig. 9 Cross-section macrostructure of clad-plate samples a) and b) rotational speed 800 rpm and traverse speed 35 mm/min c) and d) rotational
speed 800 rpm and traverse speed 15 mm/min
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