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ABSTRACT

A high-hardness tool material is required to reduce extreme abrasive wear when drilling carbon fiber
reinforced plastic (CFRP). Single-crystal diamond is the hardest material in the world, but it is very expensive to
be used as a cutting tool. Polycrystalline diamond (PCD) is a diamond grit fused at a high temperature and
pressure, and diamond-like carbon (DLC) is an amorphous carbon with high hardness. This study compares DLC
coatings and PCD inserts to conventional TiAlN-coated tungsten carbide drills. In fiberglass and carbon fiber
reinforced polymer drilling, the tool wear of DLC-coated carbide was approximately half that of TiAlN-coated
tools, and slight tool wear occurred in the case of PCD insert end drills.
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(a) DLC coated drill

(b) TiAIN coated drill

(c) DLC coated double helix endmill

(d) TiAIN coated double helix endmill
Fig. 1 DLC coated drill and double helix endmill

(a) Drilling experiments
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87.6°C
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(b) Drilling temperate
Fig. 2 FRP drilling and side milling experiments

Y% N

(a) PCD flat end drill concept design

(b) PCD flat end drill

(d) FRP flat end drilling experiments
Fig. 3 PCD flat end drill

Table 1 Tools and experimental conditions

Point | Diamet |[Number| Spindle| Feed
Tool | angle er of speed | (mm
© (mm) | tooth | (rpm) | /min)

Drill 8 |58, 65 2 3,000 | 100

Endmill| 184 6.0 4 2,000 | 100
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(a) TiAIN, 150 holes, 58um (a) TiAIN, 150 holes, 37/m

(b) DLC, 150 holes, 19/m
Fig. 5 Effect of DLC coating on endmill
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(c) DLC, 300 holes, 55/m
Fig. 4 Effect of DLC coating on drill

Fig. 6 Effect of DLC coating on flank wear, 150 holes
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Fig. 7 Flank wear of TiAIN coated WC flat endmill
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(a) New TiAIN coated WC

(a) New PCD insert

(b) Used TiAIN coated WC, 60 holes (b) Used PCD insert, 60 holes
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(c¢) Flank wear of PCD insert
Fig. 8 Flank wear of PCD flat end drill
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