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1' Abstract |ﬁ

Friction stir welding results in low distortion and high joint strength compared with other welding procedures, and
is able to join all aluminium alloys that are not considered as virtually weldable with classical liquid state techniques.
The comparative study on high cycle fatigue properties between Al16005-T6 friction stir welds and MIG weld joints
have been performed and fracture mechanisms for the fatigue specimens were investigated. Although mechanical
propertics are lower than the corresponding base material, FSW joints of Al6005-T6 become higher at tensile and
fatigue strength in comparison with the traditional fusion weld(MIG). The fracture surfaces of FSW and MIG fatigue
specimens cleary show different aspects of the fracture morphology. MIG weldments were characterized by voids
and cleavage(brittle fracture) but FSW specimens showed the presence of ductile fracture surface.

Key Words : Friction stir welding(m}2-wH-8-7), Aluminum(&-0]E), Fatigue test( 2A)3), MIG(EZAE7TA S5

JERE)
LME 2o 5471719 AFEE 43 /1% Aol v FusA
AT G, o] 9foto] 712 ASHE 4 44E
22 od7) AT AARES sl A AABOR ¥ ATOs, T S 2 ARTT LA w2A A
£ W3 2o et A5A, e 37, AEAF 3 s 9k,

SHE TSt T EAFASET (wondoo@hanbat, ac kr)

Zac 305-719 T)AFAA ST UHE Ag-1
+ shbaista 7| Al A A Sk
+ =& gish v B G e AEE

653




25 @2y G S99 vslel BE7 S R
Ao Qsjol Al PRER $4o AL A §

A adolr] miEof Az HAAY Lol edict
D G aolEe] AAL 22 & o) A2 T
(pane) T} o] 5F §§-8H R HYsto WEAIL gk
A ek dFulE P $4E 8840 2 oun &
£, AH2 9 59 BEAS B3| AR AAA HolA £
ARE ¢ Yok

oleigt BAIE MK A%t Al vhEaeA
(Friction Stir Welding ; FSW)2 o=to] 44716914
(TWDoJA] 19910 E5|2 248 47 |&2 4, 3
& FEG v, YRS SHCE Y 2AE 2 £
$717A AgEokold 7% Hgol FH3] F7fsta YUkt
R M= 1990 ) S9H2E opEudkEAof digh A+
7t BFA oz YT, o|e} A H= A A}
A5 v IR B3] 2YE F43 3718 Holw 9]
. ©

WA TN AT Qs BEE B AaRe 2
2 LA 9 RS Al 6005-T6 Y2AE 15 2| H(double
skin) Fei 2 F&ste] ARk Qlck o] gt hEAe) of
o E4 A gEAY B2 dEoleT, MIG £3%
B URY AR, ARAE, H2AE 59 B A
A(macro)9} B Al(micro) ZAAE FO8 4, 20 vlF
& AAE, 75, 249 BH8Y 2%t £38) MIG
Sl ot o] 359 24L& tE FHof H]ste o9 ok
ahal, G Ao el AEY WYL A& 34 &
28 Holmelk 2% 2908 Y= Yt ojzjg
£5-849 HaRgE M Y8tel 3 FrAjeke
Azt 28817 2 Al 6005-T62] nhZadH-EH5e] A4
Aol tigt w7kt dasie

A & =R e Aralge] Ao AMEEE Al600S
-T6 39 Y& e MIG £ %, uf2askgg5e 7|2
Al E4L Husty, PR 2AFEE E5io] Audt
W& EABGlT w3 A Aako] Ao Hagt
F7) S EXNYE EolY f2ee 9 b 242 u]as)

e

=90
o=

S A

38
=

2, &3 iz W Uy

7 3omE YEE Al 6005-T6
Set7) ¢isted rEiako

Tad
udh
=2
%
O
i
)
i
rir
m‘o ._.{n

654

2 720] 150mm, ] Somm Aot} g3k E
MIG §3A 8 Hrxgkel g A2sl7] A% e
(panel)oll A Y3tsict. AR Bt 23t 71414 54
S 7}7} Table 13} Table 29) vyelfigict

2.2 Alsidm

SO

2.2.1 83x4

opEt Rk oA AR B 9% F= A
A FY A, ol 4%, A 5, 379 718 F
o] Ytk B AFolA A T gL dEAY FA
3mmE T#sto] 2.8mm Z0]%} 4.5~5.5mm AE91 A
3 i 2 Fo| 17mme] £ti(shoulder) 2 o] Fof Hrk &
AzAL 779 AzxZ(lead angle)2 2.5°, o]F £=5
600mm/min® & T3, F9] 3A £E2 1600, 1800,
2380rpm o 2 WIS Fof FE39ict oA atEAE 9
sto] AEA 25 AAste] olF WE Uil ekl
ok A4 A2 opEushg A B 4t dde o
BA 9 &H AL UAT 4 Y=F Fig. 13 To] +3 ¢4
2% o IAY - UA=E AAFH

EEA7LA olF SHMIGHS &8 AT 180~1904, &
o 23.5~24.0V, gtolo] o]H&T 10~12m/min, £Y&E
300~400mm/min®] ZA0Z 35194}

Table 1 chemical composition of materials(Wt. %)

Fe Si | Mn| Cu | Cr Ti Zn | Mg

0.26 | 0.65 | 046 | 0.07 | 0.06 | 0.02 | 0.05 | 0.55

Table 2 Mechanical properties of materials

Tensile stress| Yield strength | Elongation | Hardness
(MPa) (MPa) () (HV)
273 203 11 98

Speciman-2 i

Travel direction

Retreating side Binding fore

Advanced side

Fig. 1 Schematic of friction stir welding process



Bhat A7 | A &8 X] Vol.19 No.5 2010. 10.

2.2.2 BAuhd
27 9 vhEasheHa MIG $4 0.2 AXE Aue 2
A& Sl Asle] XY, FEAY, H2AEE JY
shoick S 4 4 W= AFAL Fig 29 Lo &
W] o8 ‘H-%}ﬁ}‘zi.ﬂ, MIG %% S

2]

N
ol
-

i

oo

_{Oi' o}i

/1’51/14 BEE %I*ﬁ}ﬁ‘k/l T%GM 7]/41/%3 ApE
6um GRS o]&slo] Anlsigin). o1AFA L KS B
0802¢] W} 2mm/min®] WA OIS Falo] Lasio,
THA 2 A3 7] = INSTRON ARQ] 4484 mele o]%é}ai
oh §3pe AR 3 B HE WSS BT
8o =Sy 248 gUskET 40EE 47 500g,
Imm 22 s}91, thdol FoofA AMor 2Asigr)
AR BEA R Matsusawarl MMT-7 2gofc}, 3
EAEE MTS/M 810 H A 4ok4] WA FP7)E o
8to] Fuba: 20Hz, HfgHof Tdt 2488 w2 Rojx
L S2]d|(stress ratio) R=0.1¢] AAnt2 8122 Aojsly
o}, ol ¥HE3I%TL 1x 107 3] ojAfold 23t Swoz 7b

o

_h_,OiD

dRulE dEA 2 SRR AN oN2A B

$)3)) dAotEl AJHE Keller 292 o) 43la o}33t & ot

&r|73(OlympusAhy g o] §-sfo] Tdatict. F2AIY $9

} -4 JEOLA} JISM-6300 Zd2] 2x}4 2} u] 4(SEM)
ol-gste] HAstoch

148

()

Fig. 2 Schematic of tensile (a) and fatigue (b) test
specimens.
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Fig. 3 Microstructures of tested specimens. (a) base
metal, (b) HAZ and (c¢) boundary between HAZ
and weldment of MIG weld, (d) stir zone, (e)
thermo- mechanical affected zone(TMAZ) and
(f) HAZ of FSW
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Fig. 4 The changes in mechanical properties of Al6005-
T6 FSW joint for tool rotation speed
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Fig. 5 Comparison of vickers hardness for FSW and
MIG welded zone.
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Fig. 7 Fractograph of base metal fatigue specimens
1 (a) outer surface crack initiation, (b) crack
propagation
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Fig. 8 Fractograph of MIG welded fatigue specimens :
(a) crack initiation, (b) river pattern of brittle frac-
ture (¢) striation, (d) voids in ductile fracture
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Fig. 9 Fractograph of FS welded fatigue specimens :
(a) crack initiation, (b) erack propagation, (c)
striation of ductile fracture
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Fig. 10 Fracture appearance of welded fatigue specimens.
(a), (b) MIG welded, (c) FS welded
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