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Abstract: Milling tests for SiC,/2009Al composites were performed by using Polycrystal Diamond
(PCD) tools at the cutting speed of 600—1 200 m/min and the mechanisms of tool wear were investi-
gated. A Scanning Electron Microscope (SEM) was used to examine the machined surfaces and tool
wear land,an X-ray diffractometer (XRD) was used to analyze the substances on the machined surface
and the laser Raman spectra and Energy Density Spectrometry (EDS) were taken to analyze the ele-
ments on the tool wear land. The results show that the tool grain breaking-off, abrasive wear, chip-

ping and the peeling caused by the high frequency impact and the scrapt of SiC particles are the preva-
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lent wear patterns. When high volume fraction materials or heat treated materials are milled, or the

milling is at a higher cutting speed, micro-cracks will form on the PCD tools. Furthermore, volume

fractions, average sizes of SiC particles, tool grain sizes, cooling and heat treating conditions have sig-

nificant influence on the tool wear. It concludes that the life of PCD tools is in the range of 70—240

min. The micro-cracks are produced on the tool flank under the combined effects of SiC particle im-

pact, cutting vibration and heat impact. Moreover,the aluminum and copper can be diffused into the

tool matrix under the very high cutting temperature and cutting forces and the trivial graphitization is

taken place on the PCD tools due to the catalysis of copper in the aluminum matrix.

Key words: particulate reinforced aluminum matrix composite; high-speed milling; Polycrystal Dia-

mond(PCD) tool; wear pattern; wear mechanism
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(a) Photo of PCD tool
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(b) High speed milling with PCD tools

1 PCD JJ B B HCTE v 5t W) i) 9 557 181
Fig. 1 Photograph of PCD tool and high speed mill-

ing
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Tab.1 Comparison of tool wear and surface

roughness in different cutting conditions

Test Average particleTool grain Cooling Heat treating

number size/pm size/pm condition  condition
No heat
No. 10 3.5 25 Dry
treatment
No heat
No. 11 7 25 Dry
treatment
No heat
No. 12 7 25 Wet
treatment
T6(Solution
treated at
No. 13 7 25 Dry 500 ‘C and
aged for 96 h
in air)
No heat
No. 14 7 5 Dry

treatment
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Fig.4 Cutting force signals during high speed mill-
ing of SiC,/2009Al
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(b) Calibration curves of workpiece-constantan ther-
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Fig. 5 Cutting temperature signals and calibration
curves during high speed milling of SiC,/
2009Al
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Fig. 6 Chipping and peeling on PCD tool (milling for
90 min)
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(c¢) Tool material fracture due to spread of micro
cracks
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Fig. 7 Micro cracks generated by SiC particle im-
pact, cutting vibration and heat impact (mill-

ing for 60 min)
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(b) Adhesive wear on
flank (after etching)
[’ 8 PCD JIHJ7 71T K Hij 71 T 45 5 5
Fig. 8 Adhesive wear on flank and rake face

(¢) Adhesive wear on rake

face (after etching)
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(a) J& JJ T BE 4514 Be i o i s 1A
(a) Sketch map of EDS analysis
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(b) Results of EDS analysis
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Fig. 9 EDS analysis of PCD tool flank
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Fig. 10 XRD analysis on machined surface produced
by PCD tool
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Raman spectra measured in flank wear land

of PCD tool
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(¢) Volume fraction in 35% and milling for 20 min

(rear of cutting edge)
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Fig. 12 Comparison of flank wear for high speed

milling SiC,/Al composite with different

volume fractions
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conditions in table 1
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