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Abstract In this study, the welding characteristics of friction stir welding were investigated in accordance with the
tool plunge position and cooling to the base materials for the joining of dissimilar materials (A6005-AZ61). Other
different welding conditions, such as the tool rotation speed and welding speed, were fixed to 500rpm-30mm/min,
respectively, and welding was then carried out by placing the Mg alloy (AZ61) on the advancing side and Al
alloy(A6005) on the retreating side. Welding was conducted under six different conditions. To investigate the welding
characteristic, tensile test and microstructure observations using an optical microscope were carried out. As the tensile
test result, the maximum strength appeared under the condition in which the tool is moved 1 mm to the Mg alloy
direction and cooling to the base materials. Under the same welding conditions, the strength with cooling was
approximately two times higher than that without cooling. The tool was located in each direction of 1.7 mm from
the weld line. Therefore, in the excessive off-set of tool position, the welding integrity was in an extremely poor
condition due to the lack of stirring. This study was confirmed by the A6005-AZ61 dissimilar friction stir welding
the welding speed and the tool rotation speed. In addition, the temperature control and tool plunge position are
important welding parameters.
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1. A& °F 10% 4= Atk Ichinori Shigematsu 28] &5
"E 4 AS052P-OE AS, vlivls 3 AZ31B-0S
A AEAYS) A Ak L DL AW TE e waisra Bl TS AL S Se] S
A AN TR S SR S CEIE CIHE cg oppsnn wastel Age Adsgt A9 2
A ARk A 2ERlES BAE Agstel A 5 e gaaw 300mm/ming] 1000, 1220, 1400rpm %
Ao A A FHE S5 I d=AE L3 A AoA A EHo| Adto] ubAlEIA] UPA|WE AEH O
A7 o A e A, BEE BE o maasce olssmse] b} 1AM BAS 2
=AE A8 AA A} 7sS Al vuE A Zol2 wo|x| @gkh. L3l S. Malarvizhi 5-2[9]
izol] ol AXAE Al dFvE PR 9 ol2n|F I AAG061E RS, vl1v|% 35 AZ3IBE
78 A9 mlavlE e A8 A7 Eide] o] ASOl| MR8} 3 A Ao wE H A 9] Shoulder A&
oPdar STk W% 7] 910 B4 SR the Shoulder AEEL 2
PREE SE NTel AR W 23, 249 g o gugqn. A9a% FA9 Shoulder £ ) 17}
V5 Eew RGO I R HE A 550 oo sl 2o B4S YT e ARZL
o} g, Axpa A JEsEadol sl A A= 2B B Aste] LpERgt) o]e} o] up1y)
T AREAN 2 R HEA S S 5 gt agolE @Rl T B we d
23] F7h RS QAT b AR 87 THS &
rRlE R el AT A 82 AN gaq wan ge wa opel 32 AZ3IAAG WF
A= A4 dAEAE AA) 7 ol 2ol Al & Hololt}. STk AZ3IIE AE AAEA TR A}
Frlg kel AHd % &4 Ve #e Aot o 2351710 = BEst 2581 9tk AZ619] A AZ31
A ke FRATT B S ek AE FER LT 0 o gae) seks wol Bes ZaAA T
' A olTaAte A ene BEAAY L a4 g6 spsaAnt AeaAb ofL]Y] i
e 7IAA Ag, MIG, TIGS 22 £448% a8lx AZ619] nlE e o] #ak o= BEs AAo|t)
A AgasAne] A% e F5S Wl gle B =Rol A vl dae) Anaer A4 44
w2k ulBE-8- % (Friction Stir Welding; FSW)o] 31th.[4 -5] o o3 okEul¥ B A60059} Thiul4 EHE AZ617F
FSW e 2 A% 7192 191d 9%l The o) o)z ato) qigr mpankgd 24208 2] 918
Welding Institute(TWI)ll Al 7]2%] Q1t}[6] FSW+= ﬂ} o] 9% wAje] wr7] L4 (butt welding)S 23 3%
g Gow &S G4 olste] SR ASE g ggee) gaaRsh male) WA fRol et
HIA7I7] w7 WIREH WA A g0 agye agaga 24 a2g B W,
SHTE A B TS ER AU T g 5 anay Age) 48 Fede dEaan
2 Gz FA ol &4 & 53 W At
doatA] gtk olefd o), HT vivld de-¢F
1) 5 o] F A FSWel| th3t A vt g ahatal 2. A1 A LAY WY
Al R 3 QAT s} Abgel] =2 22o]= mhoiy]
# @3 AZ31e] iR Ak F2 oRn Ak 2 5 21 A U
o] o]Fxl T&[7] &FrlE T A6061-T6S} Wi+ B Aol s Heapwk AAlo] 485 e &F
3 AZ31e] vhRahEEAl 13 5o ARI9Ael vl §F A6005(Si 0.6-0.9 wt.%, Fe 0.35 wt.%, Mg
wE el JAE EAC el AFE el 0.4-0.6 wt%, balance A9} vl ¥ AZ61(Al
A6061-T69} AZ315 717 Retreating side(RS)2F 5.6 wt.%, Zn 0.78 wt.%, Mn 0.2 wt.%, balance Mg)<]
Advancing side(AS)oll YXIAA AZ31 B4 Zow &  HEFH HAE  55mmx150mmxSmm(Zx 2 olx )2
S Imm °]F AYste] &5 MM, AERE, AR Jbesisivh A7 A SHAl ASel
NGHAE, TAEAS B3 A3} 52 o5 Ade & A6005, RSl AZ61S SIAAA F 79 o= 2All
oAl 187 ¢ A Ha) QIR ES} FAEAd]  High sty 84S sASATh(Fig. 1-2)
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Fig. 1. Friction stir welding equipment
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Table 1. Welding conditions

Case Eccentricity Temperature
1 Mg, Imm Room temperature
2 Al, Imm Room temperature
3 Omm Cooling(-0.6 C)
4 Mg, Imm Cooling(0.0C)
5 Mg, 1.7mm Cooling(0.17C)
6 Al, 1.7mm Cooling(0.2°C)

o Back
plate =

Fig. 3. Cooling system of friction stir welding

Fig. 42 &3 Al A" 52 AJ@S SKD6l,
Shoulder?] A& 18mm, 9] AFL 3.4~6mm= E|
o]# g ol Ivpabito] 9lal, ¥e] Aol 4mm ©|th.
SRA =9 3 ke AAEEo R AAeith

Fig. 4. Shape and dimension of FSW tool
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Fig. 7. Cross section of welded zone

ZE7F vaA A YEld Case

WS vl e SFvlE &

o]

=

xo,
rr
N
ot

)

& |

o ro @ ¥o

_,d
oy it

RTIA=]

1o

o

Aglo] glo]
ol S5 v Al Ao
ol oF=Fu] ASol| v x|l
lAmAE ke

P

r
i
N

o H

o i

+

N

i

N
- e
o kI uE

N
i
i

Fig.87} Fig. 99l
< Aen s Sl
Ho] AZ61el BrFRN 7] wiitell ofFolH o Fio]
AZ610]aL BF F-20] A6005°]th. Fig. 8ol Imm #A
Aol AFFETY 7HE v Case 19 1A=} 7
Z =3 Case 49 nA|ZZAS YERYLL Tk Case 1
<] 11 Shoulder o4& AZ617 A60057} 41
] Onion ring®] B = AAT, WTH(Stir zone)9} 1
o & o WHAsE B, Hol= Agto] WAE 2
S SIS vk webA QU A W ARE B

= = =

o
225

2~
T

AS(A6005)

< RS(AZ61) | AS(AG003)

710

RS(AZ61)
Case 4

RS(AZ61)

Cracking

/

.. Bouaesl)

ol o7 A5 HTE Case 49 Aol &85 AA4
©.% Onion ring®] FAH IS AZ617 A6005°] 7
Hel| Agto|u} F&3aEo] AEHA] eral Y st
3= o e15}k9) ). Fig. 99+ Case 2, 3¢
nlAZzA o] YER 9t T wHo A= Onion ring©]
AAA o2 P, Aol LA kARt wyt
Kol mlvlr ol dFnlE e ehdd] akE A
i vkadls P BolElvt e le s g91%
T Atk Case 49+ vlul & wf o]eigk A Eo] <

=<
A e 1 Aom wel,

(e}
AE AL

i}

=
K

A

]

RS

4. A8

=
gFn

—_

B Ao Me AExEeS 9 ¥ 3
A60053} P14 3 AZ61 EuA)e] mpayk

& o ol

He WA, B DN 2A) W ] )

wAsto] opgfoh 22 AES A

o

=

o)



2
k1
Y
oft
22
ofo
tilo
fo
Off

5+ Al alloy(A6005)—Mg alloy(AZ61) ©]|F2A] vl udk&7 EA I+

Fig. 8. Optical microstructure of the welding cross section (a)Case 1 (b)Case 4
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Fig. 9. Optical microstructure of the welding cross section (a)Case 2 (b)Case 3

(1]

(2]

References

W. G. Lee, J. S. Kim, S. J. Sun, J. Y. Lim, “The next
generation material for lightweight railway car body
structures: Magnesium alloys”, Journal of Rail and
Rapid Transit, Proceedings of the Institution of
Mechanical Engineers Part F, 0954409716646140.
DOI: http://dx.doi.org/10.1177/0954409716646140

J. Liao, N. Yamamoto, K. Nakata. "Effect of dispersed
intermetallic particles on microstructural evolution in the
friction stir weld of a fine-grained magnesium alloy",
Metallurgical and Materials Transactions A, 40, 9, pp.
2212-2219, September, 2009.

DOI: http://dx.doi.org/10.1007/s11661-009-9921-2

712

(3]

[4]

(3]

K. Nakata, J. "Microstructural

Liao,
modification and mechanical property improvement in
friction stir zone of thixo-molded AE42 Mg alloy",
Journal of Alloys and Compounds, 480, 2, pp. 340-346,
2009.

DOI: http://dx.doi.org/10.1016/.jallcom.2009.02.015

Yu, Lina,

R.S. Mishra, Z.Y. Ma, '"Friction stir welding and
processing." Materials Science and Engineering, R:
Reports, 50, 1, pp. 1-78, 2005.

DOI: http://dx.doi.org/10.1016/j.mser.2005.07.001

G. Padmanaban, V. Balasubramanian, "Selection of FSW
tool pin profile, shoulder diameter and material for
joining AZ31B magnesium alloy -an experimental
approach”, Materials & Design, 30, 7, pp. 2647-2656,
2009.




Ak 482 913 Al alloy(A6005)—Mg alloy(AZ61) o]FaA vhHEuwgH 54 A

DOI: http://dx.doi.org/10.1016/j.matdes.2008.10.021

[6] W. M. Thomas et al.: Friction Stir Butt Welding,
International Patent Application No. PCT/GB92 Patent
Application No. 9125978.8, 1991.

[71 K. J. Lee, S. H. Kim, “Effects of Tool Plunge Position
on Mechanical Properties of Friction-stir-weleded
Region in A6061-T6/AZ31 Dissimilar Metals”, Journal
of Korean Welding and Joining Society, 30, 5, pp.
416-420, 2012.

DOI: http://dx.doi.org/10.5781/kwjs.2012.30.5.416

[8] Shigematsu, Ichinori, Y. J. Kwon, and N. Saito,
"Dissimilar friction stir welding for tailor-welded blanks
of aluminum and magnesium alloys", Materials
transactions, 50, 1, pp. 197-203, 2009.

DOI: http://dx.doi.org/10.2320/matertrans. MER2008326

[9] S. Malarvizhi, V. Balasubramanian, "Influences of tool
shoulder diameter to plate thickness ratio (D/T) on stir
zone formation and tensile properties of friction stir
welded dissimilar joints of AA6061 aluminum - AZ31B
magnesium alloys", Materials & Design, 40, pp.
453-460, 2012.

DOI: http://dx.doi.org/10.1016/.matdes.2012.04.008

0] $ X(Woo Geun Lee)

02013 2¢ : Fsr|EAgddistd
et deA|2~ElFe) (FkAh
2014 3¢¥ ~ 20164 69 : ¥}t
Z1Edgugdgn AEA A

F8 whataty

<t Rop
TN, A
7 73 A](Jung-Seok Kim) 43¢

0199413 2 : = sl)eY g

7B} (FFFHAA

A AT el
02003 49 ~ @A) ; FFFLT]
&7 AT

A % F*(Seung-Ju Sun) [3]¢]

020154 3¢ ~ 201611 69 : 73t
ER M R RPN
F AL 34

< A &-(Jae-Yong Lim) [A3] 9]

©1999¢ 39¥ ~ 2001 2¢ : =
Ha7)ed 7)ATTIH)AT A
/K]—)

02005 1¥ ~ 20074 6¥ : A&
AHFATE ATY

2008 19 ~ 2012 12¢
71 A58

University of Virginia
1A BEAD
0201341 29 ~ 2016 2¥ : S HET|EATY HAAATH
*2016d 349 ~ @A . hyhetal 7)AS e 2l




