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ABSTRACT Al matrix composites (AMCs) have been used in the aerospace and automotive industries
due to the desirable properties including high specific strength, superior wear resistance and low thermal
expansion. However, the traditional fusion welding process of AMCs usually brings defects such as
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pores, particles segregation and detrimental phases, which limits the application of AMCs. So more and
more attentions are paied on friction stir welding (FSW), a solid state welding method possessing great
potential in the welding of AMCs. In this work, to acquire high quality and excellent fatigue property of fric-
tion stir welded SiC,/6092Al composite joint, 3 mm-thick rolled SiC,/6092Al composite plates with T6
state were conducted by FSW at a constant rotational rate of 1000 r/min, and at a low welding speed of
50 mm/min and a high welding speed of 800 mm/min, respectively. Microstructure evolution, mechanical
properties and high cycle fatigue behavior of the FSW joints were evaluated. The results showed that
high welding speed resulted in a much rougher surface of scale-like ripple and the morphology of the nug-
get zone was different from that of the joint at low welding speed. Significant enhancement of the hard-
ness and tensile strength were achieved in the joints at the high welding speed, but the fatigue properties
were not improved for the joints with unpolished surfaces. The fatigue limit of the joint at low welding
speed was 150 MPa, however the fatigue limit reduced to 140 MPa at the high welding speed. For the
joints with polished surfaces, obviously enhanced fatigue limit was achieved at the high welding speed of
800 mm/min compared to that of the joint at the low welding speed of 50 mm/min. Different fracture char-
acteristics were observed in the specimens with unpolished surfaces at various cyclic stress loading. Un-
der a low cyclic stress loading, crack initiated at the scale-like ripple on the surface of the specimen; un-
der a high cyclic stress loading, crack also initiated at the scale-like ripple at the low welding speed, while
the crack initiated at the swirl zone in the bottom of the nugget zone at the high welding speed. The re-
sults of three-dimension surface topography showed that a large surface roughness was achieved on the
surface of the joint at the high welding speed, resulting in lower fatigue limit compared to that of the joint
at the low welding speed. For the specimens with polished surfaces, the fatigue limit was improved by
40~65 MPa compared to that of the specimens with unpolished surfaces. In this case, a high fatigue limit
of 205 MPa was obtained in the joint at the high welding speed of 800 mm/min, and all the specimens
failed at the lowest hardness zone and nearby.
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Fig.1 Surface topographies (a, b) and cross sectional
macrostructures (c, d) of friction stir welding
(FSW) joints at the welding speeds of 50 mm/
min (a, ¢) and 800 mm/min (b, d) (NZ—nug-
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Fig.2 Microstructures of base material (BM) (a) and FSW joints in the NZ at the welding speeds of 50 mm/

min (b) and 800 mm/min (c)
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Table 1 Tensile properties and fracture locations of FSW joints

Sample Yield strength Ultimate tensile Elongation Joint efficiency Fracture
MPa strength / MPa % % location
1000-50 236+3 310+3 5.5+0.3 63 LHZ
1000-800 262+3 355+5 3.8+0.5 72 LHZ
BM 413£3 490+2 8.0+£0.5 -

Note: LHZ—Ilowest hardness zone
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Fig.5 Fracture locations of unpolished specimens at different maximum stresses and the welding speeds of

50 mm/min (a) and 800 mm/min (b)
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Fig.6 Macro morphology of fracture (a) and magnified images of regions A (b), B (c) and C (d) in Fig.6a of
unpolished specimen at the welding speed of 50 mm/min and maximum stress of 150 MPa
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Fig.7 Macro morphologies of fractured samples (a, ¢) and corresponding magnified images of crack sources
(region A) (b, d) of unpolished specimen at the welding speed of 800 mm/min and maximum stresses

of 150 MPa (a, b) and 220 MPa (c, d)
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Fig.9 Morphologies of polished specimens after fatigue tests at the welding speeds of 50 mm/min (a) and
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Fig.11 SEM fractographs along the fatigue loading direction of polished specimens at the welding speeds and
stresses of 50 mm/min, 220 MPa (a) and 800 mm/min, 220 MPa (b)
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Table 2 Comparision of predicted and experimental fatigue limits

Sample 2b/ um a (R.) / pm H/HV Predicted fatigue limit Experimental fatigue
MPa limit / MPa

1000-50 42.74 12.37 105 146 150

1000-800 821.28 26.12 120 138 140

Note: R,—surface roughness, H—hardness
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