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Abstract. Single crystal diamond and polyerystalline diamond tools are selected for ultra-precision turning
of SiC particulate reinforced aluminum matrix composites (SiC /2024Al and SiC /ZL101A). The ap-
pearance and the metallurgical microstructure of chip are observed in order to investigate the formation
mechanisms of chip using micromechanics and metal cutting theory analytical methods. The chip forma-
tion process models are also established. The results show that a saw-toothed chip with semi-periodic
thickness is formed. It is pointed that the dynamic behavior of microcracks and the periodic variation of
shear angle are the two main mechanisms for this type of chip. A great number of microcracks and micro-

voids are produced on this kind of material during machining due to the inherent defects and, non-uni-
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formity of the materials and the presence of the reinforcement particles. The periodic variation of shear

angle is determined by the workpiece microstructure and the mechanical properties and the periodic slip-

stick phenomenon. Volume fraction of reinforcement, cutting speed, feed rate and tool edge radius are

the main factors that affect the chip formation.

Key words; manufaturing technology and equipment; particulate reinforced aluminum matrix composite ;

ultra-precision turning; chip formation mechanism; chip formation process model; dynamic behavior of

microcrack ; shear angle
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Tab.1 Main chemical compositions of 2024 Al and

ZL101 A matrix materials ( weight fraction) %

E N Si Mg Cu Ti Fe Al

2024 Al 0.14 1.4 3.8 0.15 0.1 S
ZLI01A 7.0 0.35 0.12 0.25 4

x2 TNEAMBEELASEK

Tab.2  Cutting tools and their specifications
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Fig.1 Schematic diagram of chip root
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ARSI Fig.4  The influences of microcracks and micropits on the

200 pan chip formation (v = 8.6 m/min, f =10 um/r, a, =

(a) DI
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