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Preparation of Polycrystalline Diamond Micro End Mill and
Experiment of Its Micro-milling Process for Sapphire
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Abstract: The polycrystalline diamond single-edged helical micro end mill with a diameter of
less than 1 mm was fabricated using electrical discharge turning technology featuring non-contact
and independence from material strength and hardness limitations. The intrinsic relationship of
the tool structure of the polycrystalline diamond spiral micro end mill by electrical discharge
turning relative to the feed speed and rotational speed was established, as well as the
morphological simulation model of the micro end mill, which successfully solved the difficulties
in preparing a polycrystalline diamond helical micro end mill with the diameter of less than 1 mm
in the actual machining. The prepared polycrystalline diamond micro end mill was used to carry
out experimental research on the micro-milling process of sapphire, and the influence of micro-
milling parameters on the three-dimensional surface roughness S,, S,, and the triaxial micro-
milling force of sapphire was investigated. Moreover, the surface quality, micro-milling force,
and tool wear were analyzed to evaluate the micro-milling performance of the polycrystalline
diamond micro end mill prepared by electrical discharge turning. The results indicate that the
surface roughness S, of the sapphire processed by the polycrystalline diamond single-edged helical
micro end mill can be stably controlled within the range of 0. 76~1. 00 um, and the tool wear
mode is primarily characterized by damage to the bottom surface of the micro end mill.

Key words: polycrystalline diamond micro end mill; electrical discharge turning; micro-
milling; sapphire; micro-milling force
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Fig. 4 Observation results of morphology and

surface roughness of polycrystalline

diamond single-edged helical micro end

mill using electrical discharge turning
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Fig. 5 Effect of micro-milling depth on surface
topography of sapphire
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Fig. 6 Effect of micro-milling feed speed on surface
topography of sapphire

(a)—v,=10 um/s; (b)—v=60 pm/s.
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Fig. 7 Effect of micro-milling feed speed on surface
cross-sectional (Fig. 6) profile of sapphire
(a)—v=10 um/s; (b)—v=60 pm/s.
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