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ABSTRACT The polished and as received 6082-T6 Al sheets of 6 mm in thickness were subjected to
friction stir welding (FSW) aiming to revealthe effect of surface oxide film on the microstructure and fa-
tigue property of the FSW joint. The results show that high quality FSW joints with a high joint strength co-
efficient of 81% could be produced by a high welding speed of 1000 mm/min, for the unpolished and pol-
ished butt surfaces. Similar fatigue properties were obtained for the two type of FSW joints with the above
two surface states, and the fatigue strength was 100 MPa. Most weld joints failed at the heat affected
zones, and only a few weld joints failed at the nugget zone (NZ) during fatigue tests. The fatigue strength
increased to 110 MPa for the NZ for plates with the above two surface states, and it is revealed during fa-
tigue test that the fatigue cracks did not initiate on and propagate along the so called“S-line”.
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Table 1 Chemical composition of 6082Al alloy (mass fraction, %)

Material Mg Si Fe Cu

Mn Cr Zn Ti Al

6082Al 0.6-1.2 0.7-1.3 0.5 0.1

0.4-1.0 0.25 0.2 0.1 Bal.




414 ke Jii R A5 AT 6082 45 A 0 PR AR 2 S % 55 Mk B 1) R Tl 301

FE e, N 115 Hv.e [T FSW i F b 45 B AR 1 1
F SRS X 1 UTVE A A A A 1 A BSORL AR, 5 82 3%
KT BM. 7E NZ il i) HAZ Py 25 A] A0 %2 3] e (A
JEIX W PEAE S 82 Hv., X R H, 5 K% %1 6082-T6
BRG 4 FSW 23k A AR (B (<70 Hv)AH LL0>, A 3L
SEU R AR A B . HLR R AR
TS (1 o 50 A AR RE P X v U 15 W 1) 408 45177 K
55 7 B AR E X BT H AR AR, 7 FSW 2
TE FR A R AR B Z S AR T A NZ R A T 3
AP AR RN DR S F (R X A

] 1 Xof 5 THD A 7T 1% FHHT B (1 6082 545 < FSW 45 3k
RPN
Fig.1 Macrostructure of various FSW joints with un-
polished butt surface (a) and polished butt sur-
face (b) (NZ—nugget zone, TMAZ—thermo-
mechanically affected zone, HAZ—heat-affect-
ed zone)
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Fig. 2 Microhardness profiles of the FSW joints of
6082 Al alloys with different butt surface treat-
ment methods
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Table 2 Tensile and fatigue properties of the FSW joint of 6082-T6 Al alloy and the NZ

sampl Yield strength  Ultimate tensile Elongation Fatigue strength
amples
P /MPa strength/MPa 1% /MPa
Base material 293 324 12.9 180
. Joint 170 262 7.4 100
Unpolished surface
NZ 200 269 26.5 110
. Joint 172 262 7.1 100
Polished surface
NZ 204 272 235 110
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Fig.3 S-N curves of the FSW joints of 6082 Al alloys
with (a) unpolished butt surfaces, (b) polished
butt surfaces
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Fig. 4 Cross-sectional macrostructures of the FSW
joints with unpolished butt surfaces (a) failed
at HAZ, (b) failed at NZ
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Fig.5 Typical morphologies of the fractured surfaces of the FSW joint failed at the HAZ with unpolished butt sur-
face (a) macrostructure, (b) crack initiation zone, (c) crack propagation zone, (d) fast fracture zone
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Fig.6 Typical morphologies of the fractured surfaces of the FSW joint failed at the NZ with unpolished butt surface
(a) macrostructure, (b) crack initiation zone, (c) crack propagation zone, (d) fast fracture zone
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