224-217 yoyo 4 o lesd 17 095 1396 45 (w30 SBlo FwIdio alxo

9 pole dolinle =
= . =

1 . = =

0 S0 (wigo = 5
SLIN\E
mme.modares.ac.ir ;',-.:-;_";a!f//f:

9)[’.‘5[.»}1))3 o ‘Stﬁj&')g )5" = 3E) gg.‘;’al.aé')' G:;mt JK&@' 6)@9?
5052 pgsanslT ST 53 iy Ko ols
1(5335 seae  culie o gane Fsu¥ g8 ulaa

Ol sl ol &uils o555l g dlgo owdine eyl guwlids )8 gomiily ~1
LB (LBl olKtals ¢ 55y 9llio g dlga iz )bdliel ~2
m.abbasi@kashanu.ac.ir 8731753153 g 3gai0 «Lols

XN Al wleYb|
Mo )15 agd o (6)Kdgn b i e (shlie & ol dals b (6, Kigr w013 S« ilize) Sl (¢ Kisge» J st dlie
; ; Ll . - . e . e . 1395 yeq. 16 scil,

O Sl (el g jlislug S gl S i o) S o3BT crl 3 I 392 g wuli cal p Sle JB (a8 oy 5l (3L 1395 gjm s ):
o al e - e oA A .- a - - = A - & . -ul)f, *

JLaJ‘ Olalad .wb@ ul:hu)| d)&“? ‘uli..to 0L gu5 o> Slalad o9 L‘)g.‘ )Y D 0 4)‘)‘ JuLm:-\ uﬂﬁa‘o‘ d)&“? oe9) )l J‘al> 1396 o958 29 gl o )
Db iy g b dges il )3 (ke pilSe Bsk 5l 0555 g 008 (S 0155l a4 I Cusbge )3 oty o 4l
95 Lawgi o2l g Clalad (SGlSe (oly g lidlg Sm 98 o0 hwogh (el (Bl SWlaol 6)Kbgr lyis b osd L)l ) ) (Sl (Sl ) Sag
g 4o &l ol 45 am3 e s gl g e dumlie K0S, b Ldlesy) olizél Sl g ilisi) Skl (6, igs s, Josbog s
5 ol 005 i) 51Kk (g Sign 4 5 o Jie 5 5SS 30% sd0n 5 o ilesy) pibizél SWSaus] (g g dobe JEETRS

QB ) g gt Sl ol Mg 4 gede cpl Cad pagd Jlasl 3 o] Hlda 1 YL 1296 seue 4> Jgl Jlail ¢zt ol plSoal
SBlaol (o )Kig ashd (hes 4l b ojlul a5 WS o VD uored gult Ded e 00l Cond Byl jeds )d yidy o)lgs Hols
GBI & 090 cal o IS (SSSo (ol 5 I 3] oo e SIS 5 15 2 g 81 L o il ol
ol cilizel  SWlasl (6)Sbgn &S dgi 0 48,5 doni g oo 031 Capd pblel)l oilizel  SWlaol o) Sbes ey Lod

D o dvogs mliuo gl o] 3 ealatwl ¢ cunl ilizel SWlaol o )\Kbes (dlyp cunlio (o350l

Friction stirs vibration welding and study about the effects of its parameters on
microstructure and mechanical properties of AI5052 joint
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Friction stir welding (FSW) is a solid-state joining process that leads to several advantages over fusion
Received 04 February 2017 welding methods as problems associated with cooling from the liquid phase are avoided. In the current

Accepted 14 March 2017

Available Online 18 April 2017 research, a new method is presented to improve the microstructure and mechanical properties of joint

obtained using FSW. In this method, the joining workpieces are vibrated during FSW. The joining
workpieces are fixed on fixture in a butt position and the fixture is vibrated mechanically normal to

Eﬁmg;d:ﬁrvibraﬁon welding weld line through camshaft mechanism. The new method is described as friction stir vibration welding

Microstructure (FSVW) process. Microstructure and mechanical properties of welded specimens using FSW and

Mechanical properties FSVW processes are compared. The results show that weld region grain size of FSV welded specimen
is lower than that in specimen welded by FSW by about 30% and the ultimate tensile strength of joint
obtained using the former process is higher than that relating to the latter one by about 12%. This is
attributed to more generation of dislocations and correspondingly enhanced dynamic recrystallization as
vibration is applied. The results also indicate that the weld region grain size of FSV welded specimen
increases and mechanical properties of joint decrease as tool rotation speed increases and traverse speed
decreases. This is related to temperature increase during FSVW. It is concluded that FSVW is a proper
candidate for FSW and its application is recommended for industries.
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Fig. 2 Machine designed and manufactured for FSVW process
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Tabel 1 Chemical composition of the studied aluminum alloy (Wt. %)
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Fig. 1 Schematic design of tool used for FSW and FSVW processes
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Table 2 Welding parameters values for different welding conditions
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Fig. 4 Weld cross-section of all studied samples (samples of Table 2)
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Fig. 3 Pictures of (a) friction stir welded (sample 1 of Table 2) and (b)
friction stir vibration welded (sample 8 of Table 2) specimens
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Grain size (um)

Base
Fig. 6 Weld region grain size of FS and FSV welded samples (samples
1 and 2 of Table 2) as well as base material

SBhsl 5 ) Kag> sladiges 4 by e Sig> 4l ails ojlail polis 6 S
@ Jsoz 512 91 ladiges ooy ay) ond il )l calizel SKaol o colosel
a8 orizen

Fig. 7 Tensile test samples after fracture (sample 1 and 2 of Table 2)
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Fig. 8 Engineering stress-strain curves of samples 1 and 2 (Table 2) and
base material
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Fig. 5 Weld region microstructures of samples a) 1, b) 2 (Table 2) and
c) base material
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Fig. 10 Engineering stress-strain curves of base material and different
FSV welded specimens, a) change of transverse speed (samples 3,4 and
5 of Table 2) and b) change of rotation speed (samples 6, 7 and 8 of
Table 2)
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Fig. 12 Weld region microstructures of FSV welded specimens under
different rotation speeds; a) 700 rpm (sample 6 of Table 2) and b) 900
rpm (sample 8 of Table 2)
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Fig. 11 Weld region microstructures of FSV welded specimens under
different transverse speeds; a- 16 mm/min (sample 3 of Table 2) and b-
31.5 mm/min (sample 5 of Table 2)
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