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Abstract

Friction stir spot welding between 5454 aluminum alloy sheets with the different thicknesses of 1.4 and
1.0 mm was performed. In the welding process, the tool for welding was rotated ranging from 500 to
2500, and plunged to the depth of 1.8 mm under a constant tool plunge speed of 100 mm/min. And then,
the rotating tool was maintained at the plunge depth during the dwell time ranging from 0 to 7 sec. The
pull-out speed of the rotating tool was 100 mm/min. The increase of tool rotation speed resulted in the
change of the macrostructure of friction-stir-spot-welded zone, especially the geometry of welding interface.
The results of the tensile shear test showed that the total displacement and toughness of the welds were
increased with the increase of the tool rotation speed, although the maximum tensile shear load was
decreased. However, the change in the dwell time at the plunge depth of the tool did not produce the
remarkable variation in the macrostructure and mechanical properties of the welds. In all cases, the average
hardness in friction-stir-spot-welded zone was higher than that of the base metal zone. By the friction stir
spot welding technique, the welds with the excellent mechanical properties than the mechanically-clinched
joints could be obtained.

Key Words : Friction stir spot welding, Aluminum alloy, Tool rotation speed, Dwell time, Macrostructure,
hardness properties, Tensile shear properties

Aeq R AvUAY A% 5 AR o] A7)
M= 2 gtk 58, ARkl goinE, dnl 33

2 BR4AEA NEAAE Aok AR

A2, AFAWIS MET DY Aol B o tid A7 2 sge] el AAE D Uk o] F

Journal of KWJS Vol.29 No.6(2011) pp676-684
http://dx.doi.org/10.5781/KWJS.2011.29.6.676



S 71AA 53¢l Al Aedate] 9 57

JHm 71Ee ol ALgslol & 3 vl BAFEA
A% YR UE A N3 AR

(<]

S, Hl }04 l%, 7eTE o
|

UoIA, 7]E Bol
HEste Agolles, ¢

: \ Axx g oHd, agln
o= Qlalo] & él"f—"ﬂ’\iJ 7tgol] o]g7]
7ttEo]l aFEm, M=o +H Xﬁ} %1 -rxﬂzqoi
o g? w}a‘rﬁ, olggt TAHES FE]
g3led, 71AA ZPAH (Mechanical Clinching, °]3t
MCZ  ®7D)*, Azglels  e]ulEl(Self-Piercing
Riveting: SPR)®”, w}2mibd#3H(Friction Stir
Spot Welding, ©]3t FSSW= %7))%Y E3} 2o &
A71ese] Mdeo] A7 2 FEs s
o]FojA| 1 gltt.

o] FAXNE wEWHFEIHI|ES 1991d d=<]
The Welding Institute(TWI)olA 7Qde wpzmy
A37)14(Friction Stir Welding: FSW)& 2§

2]
8-

R
o Mo rlo
L
1R
é
ol
Ip
o
N
é
E
o o
[
°¥°

Al 7124, 48 Matsudarte] RX-8 =59
%o](Rear Door) 3 FE=(Hood)e] Aztel] 2&-
2R, A AAReR FEG wol old Y AT
2 7ol ghdks] zlgE 3 °1‘?}8 10

olgfg niAwIERR e, L EEE>T
ofge}, maulgEa?, E]EH%%‘“%IZ),
BAFELYY Sol| o]27)74A] TheFe /\Zﬂ"ﬂ )
7] 14404 AF7F Eie] o] FA L ot &
9lo]A, Cho 5% & H]"éﬂﬂd <
1 5052-H349] HX713 el nhz
L7]%a 249“5}04 2kNell 7Pk =2 QA%
= Ze AT Qv BaEs o
Yeon 57 &, A% Cho 5 o] Argd
d3k 5052 H34 &% ]?I?Q'T—:L Al <] “}?\:}ﬂ‘i@;ﬁ@'

o @ &

M

< 13)
A

o o
uﬁ&mgob‘

zﬂréilﬂm
o Hu -
‘EVQL'_O,E
olN m W u ok T g

olfl [‘_‘3‘,

‘}l: M°i"/}.ﬂ E——l—a O]'
EE Az B SAE A}

=2
Az we} ol 54 2= %3?5}—?«7} Pojxl
e AS & 5 A uebA, ola%l op R g
NEs A

3l

-
N
B
1
iy
o
HU

FeP=|ofol & ot} FFaAl 3t
, AFEREANE o|FFAE Ze
Psle A= ;&E‘r T3 2
Az A3 5454-0 LFuETEF ¢
o SleiMe AHEA AAFEE

T E7eta, o] &Ajdl rﬁﬂ =tk
o T AFE A o]FAx
Ith, A, & AFeMe @A X}EX} }xﬂT
AZA AL &% olFFA, & 54 14
me| 5454-0 LFvETF
W EE ﬁ%}oﬂ A

lo
Rk

i)

ol

=2

2l X2

o o 2
r

m\m F1

N

o o
=,

_.1

K

i)
s

S
m‘b?«goﬁﬁ
o

oo oX mi oo rH 41 2

o Oi'_‘lﬂﬁé
=)

_‘nlo

é

2.“':_11
)
o

+ 1o
lo

1.
n}z

4

B

1N
=
o of

oL e o o > >R b oo

it
)
m

£
2
_>L
L
:{o
X °
>
S

I
i)

ok
-0,

iy

oy

=
d

N
EURRONTY
Y
E (

oft
o,
i) LT:‘
r

fr ot
o
i
g
BN
N
o o
H
Al

=

5454-0 ¢
shof] A-&xx gl
oA A&Ea o
AAE A=

H] w3k

2
I
oL

c
d
i o
1~>>j
Y
2
v
= o

14
2 o
|
2
ofp
S
o2
[
T
iy
lo

.
—u
o =
d
ol
[P
oY,
RS
(e}
E’E;
Rl
rﬂ‘m\ru
rtzio
o ok
=< 2
=
Q

EN
e m
i_l‘l
)
1o,
N
)
2
|t
oX
o
%,
folr

Fig. 1& & A4 A@WHS Yepdth
7F 2472 1.4 2 1.0 mm9! 5454-0 &Fr]wd3
AR E AW (Rolling Direction, ©]dF RDZ
Aoz Zo| B Zo] 247} 100 2 30 mm7} HEE
A7 = 3EE AR ARt WA, T

u n
=] mg—lé

S 90, 488 FPE AUEEE 50094
2500 rpm7HA WABAZCH, AT % B ¥ (Burn)
e s S Slekel 4% B

Ael Erow
28 1.8 mm7 et o, Aol
FAAR] HFR B4 WAL GBS 2] 9
o, FAAZHE 0014 7 sechA WAL, AEE

o

7
79 g 2 AAEEE 100 mm/mine 2
Aot sASAT. AEE TTEAE 377 SKD61
9 0 (Shoulder) ] A7) 12 mmelx, o7}t
1.8 mmSl ZZH (Probe)E& M5 WAIRGFCZ 71
afe] ARgskIH.
Ao duzss wEs] fsted, AT F
< Ad g Addnid & e 1% 1

¢ & F &9
S o] g3le] oA (Etching) atith. o] HEREES
2287 Y3, FEE FYe=2RH % 11 mm

677



58 HAs -

%—Zﬂ . %/\4__?1. . 71-\:35,1 . o]i]—_g_ . }\1%\:4 . E}HEH . H]—%:_ . o]i’al—iﬂ—

- l

2 & Plunging TD
o E S RD
]
— Rotating
& ‘eldin, ND
= E Shoulder (12mma®)
Hi Unit - mm = FSSWed 7 2
AA5454-0, 30mm" < [ oo ted sone
£ et AA5454-0_30mm”
TT Backing JPrdbe (M5, 1.8mm D 0

70 Plate 70

30

100

170

Fig. 1 Schematic illustration of the FSSW process
in this study

A ok 22mme] HY ol A E s JAle] T
22wt 0.5 mm FF 02 HFAA v|A7 = (Vickers
Micro-Hardness) & 47 S2dst5it}. old|, F-slsts
2 SRAIAIZES 42 100 gf 2 10 sec® 3k

T H3AY JIFEAAS AR i, ST

1 mm/mine2 G sto] FLAAdAd S

31 Het8 379 ML IL R S4o
of 5t
o

&=, Aol s AtdEiolellA
m

m/min, 1.8 mm % 3 sec
2 gl fAlet, e T 3HAEEE 500
oA 2500 rpm7HA HSAA HAAE A=A £

FE T IAHET I S A= 9

2T

tlo ma

3.1.1 A9 S8y
Fig. 2& A8 379 AdE=E (a) 500, (b)
1500 2 (¢) 2500 rpmO.= WSAA g 4ol
oM, HIHF FolAe AF 2 ek gl o
FIE A4 Yt 18 34 Sl nfew A
stal Sle AEE Tk A3 HES JEF B
FHe ZrEREo] AL B A o8 ddE &
(Hole) %2, &uF-T3tel vhgd| osf d4d H&,
A

L of J
©

B w4

YO, My @ ok

Top Surface Bottom Surface

o«

(a) 500 rpm

(c¢) 2500 rpm.

Fig. 2 Influence of the tool rotation speed on the
appearance of the FSSWed AA5454-0O
aluminum alloy sheets

of. A3 AR B ook ®He] oudds vEd
a3, BE JHERAN Td T 22 seter &
2 7hed AT AEF Tl @dEA Bk
o}, oz (b) 1500 % (c¢) 2500 rpm®| FHEE
o= AT FA vlwa B2 Fo| B7k LA

YHE PR, GTEte] vhid] o) FHE B
Jeln AR A9l AR MrRew 74Ho 9
r kU

W, (a) 500 rpm®] Aol o= 5 3 aHt
A el AgAe] Eo] el 2719 AAH 3
e fFAleke gk 22y, (b) 1500 3 (e) 2500

o e

rpmellAE, (a) 500 rpme] Afehs 28], ERE
FlolA E(Bowl) BRe x2Ho] FPHNeH, (b)

Journal of KWJS, Vol. 29, No. 6, December, 2011



nE WP e 5454-0 EFrEds BAe HEF AAEH

9 A1AE S50 Ve 9B 5 59

(c) 2500 rpm
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Fig. 5 Appearances of the FSSWed AA5454-O
aluminum alloy sheets after tensile shear
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