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Table 1 Mechanical properties of 6061 Al alloy and SiC
reinforced Al composite

Material E/GPa on/MPa ol%
6061-Al 67 218 3
SiCy/Al6061 92 410 23
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Fig.2 Weld appearances under various welding parameters (a) w=
5000 r/min, v=100 m/min, d=0.46 mm; (b) »=10 000
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Fig.3 Penetration depth required for various rotation speeds
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Fig.5 Typical metallographic cross-section of the welded joint:

(a) macroscopic view, (b) shoulder affected zone, (c) mate-

rial transition zone, and (d) bottom of weld nugget zone
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Fig.6 Diagram of cylinder pin acting force on weld metal
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Fig.7 Diagram of pin and shoulder acting force on weld metal
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Table 2 Mechanical properties of the joints under different welding parameters

No. Welding parameters Loading direction

Typical metallographic cross-sections

Peak load/N and fracture locations

=30 000 r/min,
1# v=200 mm/min, 1
d=0.4 mm

17653 D2=0.31 mm

=30 000 r/min,
2# v=300 mm/min, 1
d=0.4 mm

1964.3

=25 000 r/min,
3# v=200 mm/min, 1
d=0.4 mm

1915.0

=25 000 r/min,
4# v=300 mm/min, 1
d=0.4 mm

2027.3 D2=0.27 mm

Fracture at base metal

w=12 500 r/min,
b# v=200 mm/min,
d=0.42 mm

—
1268.3 ‘DZ:O.ZO mm

w=12 500 r/min,
6# v=250 mm/min, |
d=0.42 mm

1301.0

w=12 500 r/min,
# v=300 mm/min, |
d=0.42 mm

1150.6

w=12 500 r/min,
8# v=350 mm/min, |
d=0.42 mm

=30 000 r/min,
o# v=300 mm/min, |
d=0.42 mm

bl

A
D2=0.19mm
: #ID2=0.31mm

171.7

=30 000 r/min,
10# v=300 mm/min, 1
d=0.42 mm

| | » |

D2-0.31mm

Fracture at base metal

1739.7

Al alloy base metal -

2001 -

Note:

Loading direction |

F Loading direction II
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Fig.8 Diagram of joint tensile stress distribution
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Fig.9 Geometric mode (a) and finite element grid (b) of the joint

under tension
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Fig.10 Stress distributions of the joints underloading direction
1 (a) and 11 (b)
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Fig.11 Diagrams of metal plastic flow under loading direction
I (a) and 11 (b)
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Micro Friction Stir Welded Lap Joint of Thin Al-alloy/SiC Reinforced Al Composite

Zhang Jing, Feng Xiaosong, Huang Hui, Zhao Huihui, Zhang Chengcong, Xiong Yanyan, Dong Fengho, Guo Lijie
(Shanghai Aerospace Equipments Manufacturer, Shanghai 200245, China)

Abstract: The micro friction stir welding (u-FSW) of lap joints of thin Al-alloy plate with a thickness of 0.5 mm and SiC reinforced Al
composite were investigated, concentrating on the process characteristics, macro-morphology of weld cross-section and mechanical
properties of the joints. The mechanisms of migration interface morphology formation and joint failure were revealed. The results show
that with suitable indentation depth, welds of good appearance can be obtained in a wide range of process window. The weld cross-section
shows special “hoop shape” migration interface morphology, caused by the characteristics of p-FSW process and SiC particles. The joint
failure mode is tensile fracture of “thinning area” at the upper rim of migration interface. And the joint mechanical properties are directly
related to the loading direction, which is caused by different metal plastic flow behaviors.

Key words: SiC reinforced Al composite; micro friction stir welding; lap joint; migration interface
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