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Experiments of ultra-precision turning of SiC,/Al composites
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Abstract: The ultra-precision machinability of SiC,/Al composites is investigated experimentally. A
scanning electron microscope (SEM) is used to examine the machined surfaces, chips, chip roots and
tool wear lands, and a surface profiling instrument is taken to measure the surface profile roughnesses
in different turning conditions. The results show that the machined surface remains a lot of defects
such as pits, voids, microcracks, grooves, protuberances, matrix tearing, etc. The tool geometries,
cutting speeds, feed rates, particle reinforcement sizes and the volume fractions are the significant in-
fluence factors of surface roughness. Generally, a segmental chip is formed in turning composites due
to the effect of dynamic microcrack behavior. The tool-workpiece relative vibration and the removal
modes of SiC particles are the main mechanisms of surface generation. The microwear, chipping,

peeling and the abrasive wear are the main wear patterns by using the Single Crystal Diamond (SCD)
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tool, while Polycrystalline Diamond (PCD) tool mainly suffers from the abrasive wear on the rake face

and the adhesive wear on the flank face. The experimental result indicates that the SiC,/Al composites

has a relatively bad machinability.

However, when the cutting parameters are rationally chosen, a

surface roughness R, of 24. 7 nm can be obtained for SiC,/2024Al(in a volume fraction of 15%).

Key words: aluminum matrix composites; ultra-precision turning; surface roughness; tool wear
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Tab.1 Main chemical compositions of 2024 Al and

ZLL101Al matrix materials (mass fraction %)

FEqA Si Mg Cu Ti Fe Al
2024A1 0.14 1.4 3.8 0.15 0.1 S
ZL101Al 7.0 0. 35 — 0.12 0.25 &HE
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Tab.2 Cutting tool materials and their geometrical parameters

TR wif Jafa Jm JJRBEICE g1 0
B 7/ a/O /) Fr/mm Z/pm
SCD 0 7 0 0.5 0.2
PCD —5~5 5~15 —5~5 0.4~1.6 1~2
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Fig. 1 Effects of reinforcement of volume fractions
and average particle sizes on surface rough-

nesses
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Fig. 2 Effects of cutting parameters on surface rough-
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Fig.3 Effects of tool's geometrical angles on surface

roughnesses (SiC,/2024Al, s=3 pm, PCD)
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Fig. 4 A groups of surface defect of SiC,/2024Al
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pm/r, a,=5 pm, PCD)

(a) Side surface (left) and free surface (right) of chip
of SiC,/ZL101Al with volume fraction of 10% (n
=1 200 r/min, f=6 pm/r, a,=5 pm, PCD)
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of SiC, /2024 Al with volume fraction of 15% (n=
800 r/min, f=10 pm/r, a, =20 pm, s=3 pm,
SCD)
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Fig. 5 Chip forms during ultra-precision turning of

SiC, /Al composites
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Fig. 6 Chip form after etching
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Fig. 7 Etched chip root of SiC,/2024Al composite
(SCD, cut depth of 30 um, cutting speed of
10 m/min,cut width of 50 pm)
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Fig. 8 Surface roughness profiles of SiC,/ZL101Al

composite and its matrix (PCD)
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Fig. 10  SCD tool wear appearances after cutting for 6.4 km
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