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Abstract

Dissimilar joining of Al 6013-T4 alloys and austenite stainless steel was carried out using friction stir welding
technique. Microstructures near the weld zone and mechanical properties of the joint have been- investigated.
Microstructures in the stainless steel side were composed of the heat affected zone and the plastically deformed zone,
while those in the Al alloy side were composed of the recrystallized zone including stainless steel particles, the
thermo-mechanically affected zone and the heat affected zone. TEM micrographs revealed that the interface region was
composed of the mixed layers of elongated stainless steel and ultra-fine grained Al alloy with lamella structure and
intermetallic compound layer. Thickness of the intermetallic layer was approximately 300nm and was identified as the
AldFe with hexagonal close packed structure. Mechanical properties, such as tensile and fatigue strengths were lower
than those of 6013 Al alloy base metal, because tool inserting location was deviated to Al alloy from the butt line,
which resulted in the lack of the stirring,
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Table. 1 Chemical composition of 6013 Al alloy and
stainless steel

culMelMn|Fel Silzm|mlor|ni|c|a

60131 4 1o9l05]03|08]01lo1]o1]| - | - |Ba.
T4
304 | - | - |145|Ba 075 - | - | 18] 10 |0.02| -
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Fig. 1 Schematic illustrations of friction stir welding
process (a) applied to dissimilar metal joints
between stainless steel and Al alloy and
tensile (or fatigue) test specimen (b)
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Fig. 11 Fractured surfaces showing the fatigue
crack initiation site

2o A" E ¥t ¥=(lack of stirring)©] &
Zgo] ez, o] Rl #go] Al&EH st

APES & 5 Ut w2 E AYAAY olFer
3% AEFE 2e 5 dod, wik #Fee <
a AR el of IS VAL YT ¢ & A
o Fig. 112 J2A8 F dgd ARz sz

7} B #EAZ H(crack initiation site)E v
Bz oidh gL 6013-T4 43y a9 ~
Hde a7t A5 ik BE9] g Yehln slod
AIH 02 o|E(premature) JZIHEAS Jehd}

4.2 E

& Agste] oHlEA 2691
$E IFARE FPIA vhet 2

o

o

h)

El

L

-lé“ =
— ok
i

o3
g

rlo |

moAL
o

s

i
ol
w0 e
B
A
O
)_4_'(
e
<
2L
Al
it
we
=
s
2
>,
1A

—_
N—

=
to. gir ji2a)

ol
0
i
S
i)
b
it
0).?
X
rlu
o
of
=
B

i
x o
i)
oo
o

2

ok

ok
o
g
o

—z

(a3

-

o)

. _{E
M

O

A

i)

st

e

Jdo

AV
~—

ot
1t
rir
B
oX
o
o
it
Iy
o,
e
vk
[
ol
I m{m
1o
El
=

[> o u2

oY

2y

w30 o m
oﬂiaﬁﬂuog
P
H‘Imr\l T
_]En_?\_.‘ﬂ-'ﬂ-.-:
o\.jo‘_{,lr\o

ol
g |y
O-L\JNH}{U&
Ooll:: rO
o oop g
oo T
2

Emgaoﬁf
4m-{mé—§4
_9.£>~mo
N, _ﬁ
NIOFNTEE
mg_lﬁr_(‘%tﬂr
o}
Pae g
wa lo
N b

2

ox, L X
X
rd
=
olo

. ofj
Iy U
jij
>
il
-0,
M
[
o
e
K
X

4 vhad, sieols b da
2Ale] esEelEg T 7

MR D e delE 4}01

(&

o of
g,

o

o o
—?i
ox

> B b
TS m
i
fr %
i o ¢
N L
o,
ot
ox
n
AN
_ﬁ
o)
= o
f to
¥ ot ook -

4) £33 3E 2o 2USIPHERE 7K

KEEHREEES 234 H5%. 20054 108

°ow Cr, Ni, Mn°o] 9zt 189 AlFe}oz 54
Hew, FA+ oF 300nme]Act.

5) o|FAE HIRY JIAHQ Axe ¢FvE F
= JIH °F 60-70%% 29, & AUAAY o5z
o Bzo] oggto 2 AlgHr},

o
N

o mEe

aageidoly A9e 9 3EATH
A SAATIU,

ikl
Mo
rok

1

1. Joining forces for multiple properties, Eurecka February
2003 Available from: www.eurekamagazine.co.uk

2. S. Ramasamy: Drawn arc stud welding: Crossing
over from steel to aluminum, Welding Journal, 2
(2003), 35-39

3. K Richter, G. Bostanjoglo, R. Dommaschk, R. Mayrhofer,
D. Weber and H. Weber: Comparative study on
aluminum and steel welding with cw and repetitively
Q-switched Nd-YAG lasers, SPIE, 2789-12 (1996),
12-20

4, H. Uzun, C. D. Donne, A. Argagnotto, T. Ghidini
and C. Gambaro: Friction stir welding of dissimilar
Al 6013-T4 to Xb5CrNil8-10 stainless steel,
Materials and Design, 26 (2005), 41-46

5. C.M. Chen and R. Kovacevic: Joining of Al 6061 to
AISI 1018 steel by combined effects of fusion and
solid state welding, International Journal of Machine
Tools and Manufacture, 44 (2004), 1205-1214

6. J. -Q. Su, T. W. Nelson, R. Mishra and M. Mahoney:
Microstructural investigation of friction stir welded
7050-T651 aluminium, Acta Materialia, 52-3 (2003),
713-729

7. Wonbae Lee, Jongwoong Kim, Yunmo Yeon, Senugboo
Jung @ The joint characteristics of Friction Stir
Welded AZ 91 D Magnesium Alloy, Materials
Transaction (JIM), 44-5 (2003), 917-923

8. Wonbae Lee, Yunmo Yeon and Seungboo Jung :
Joint properties of friction stir welded AZ31B-H24
magnesium alloy, Materials Science and Technology,
19 (2003), 785-790

9. Wonbae Lee, Changyoung Lee, Woongseong Chang,
Yunmo Yeon and Seungboo Jung: Microstructural
investigation of friction stir welded pure titanium,
Materials Letters, 59(2005), 3315-3318

10. Hwasoon Park, T. Kimura, T. Murakami, Y. Nagano,
K. Nakata and M. Ushio: Microstructures and
mechanical properties of friction stir welds of 60%
Cu-40% Zn copper alloy, Materials Science and
Engineering A, 371(2004), 160-169

11. A. P. Reynolds, Wei Tang, T. Gnaupel-Herold and
H. Prask: Structure, properties, and residual stress

475



68

o]ul - Gehard Biallas - Martin Schmuecker - 345

12.

13.

14.

476

of 304L stainless steel friction stir welds, Scripta
Materialia, 48-9(2003), 1289-1294

Wonbae Lee, Yunmo Yeon and Seungboo Jung: The
joint properties of dissimilar formed Al alloys by
friction stir welding according to the fixed location
of materials, Scripta Materialia, 49-5 (2003), 423-428
Changyong Lee, Wonbae Lee, Yunmo Yeon and
Seungboo Jung: Friction Stir Welding of Dissimilar
Formed Mg alloys (AZ31/AZ91), Materials Science
Forum, 486-487 (2005), 249-252

Y. S. Sato, S. H. C. Park , M. Michiuchi and H.
Kokawa : Constitutional liquation during dissimilar
friction stir welding of Al and Mg alloys, Scripta
Materialia, 50-9 ( 2004), 1233-1236

15.

16.

17.

18.

Won-Bae Lee, Seung-Boo Jung: Void free friction
stir weld zone of the dissimilar 6061 aluminum and
copper joint by the shift of tool inserting location,
Materials Research Innovation, 8-2 (2004), 93-96
S. H. C. Park, Y. S. Sato, H. Kokawa, K. Okamoto,
S. Hirano and M. Inagaki: Rapid formation of the
sigma phase in 304 stainless steel during friction
stir welding, Scripta Materialia, 490-12 (2003),
1175-1180

G.E. Dieter: Mechanical metallurgy, McGRAW HILL
BOOK Co., 1988, 195-196

H. Fyjiwara , H. Inomoto, R. Sanada and K Ameyama:
Nano-ferrite formation and strain-induced-ferrite
transformation in an SUS 316L austenitic stainless
steel. Scripta Materialia, 44 ( 2001), 2039-2042

Journal of KWS, Vol. 23, No. 5, October, 2005



