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Hard turning process can be defined as a single-point machining process carried out on ‘hard”
materials. The process is intended to replace or limit traditional grinding operations that are
expensive, environmentally unfriendly, and inflexible.The purpose of this study is to achieve a
systematic understanding of machining characteristics and the effects of machining parameters
on cutting force, tool wear shape and chip formation by the outer cutting of a kind of wear
resistant tungsten carbide V30. Hard turning experiments were carried out on this alloy using the
PCD (Poly Crystalline Diamond), ¢cBN (cubic Boron Nitride) and PcBN (Polycrystalline cubic
Boron Nitride) cutting tools. The PcBN and the usual ¢BN tools were used fo be compare with the
PCD tool and the dry turning was carried out. The PcBN is attractive as the tool material which
replaces the PCD. The tool wear width and cutting force were measured, and the worn tool and
chip were observed. The difference of the tool wear mechanism among the three tool materials
was investigated.

Key Words: Hard Turning (3= E{'d), Cemented Carbide (X & 2), PCD, cBN and PcBN Cutting Tool (42 C0[0}Z
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Fig. 1 Experimental equipment
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Table 1 Chemical compositions of cemented carbides

(Wt%)
Cemented carbides w Co C
V30 79 ~ 87 7~16 5~6

Table 2 Mechanical properties of cemented carbides

Specific Compressive] Young’s
Cemented . Hardness
carbid gravity ) strength | modulus
arbides (HRA
(Mg/m®) (GPa) (GPa)
V30 14.4 88.5 4.61 578

Table 3 Mechanical properties of tool material

Grain . Transverse
Grain
contents | Hardness|  rupture
. diameter
ratio [um] [Hv] strength
m
[volos] | [GPa]
PCD
(smal] 91 12.5 | 10000 1.7
grain)
PCD
(large 96.5 45 12000 1.5
grain)
BN 65 30 |22} 100110
¢ 13400 | T
3900-
c¢BN-c - - 0.95-1.10
4200
PcBN >999 <0.5 | 5000 1.35
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1.0mm

Face(L=40m)

Face (L=120m)  Face (L=200m)

Flank (L=40m)  Flank (L=120m)

Flank (L=200m)
V=15m/min, f=0.1mm/rev, t=0.1mm
Fig. 3 Optical micro photographs of tool wear(PCD)
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Face (L=200m)

Flank (L=40m) Flank (L=120m) Flank (L=200m)
V=15m/min, f=0.1mm/rev, t=0.1mm
Fig. 4 Optical micro photographs of tool wear(cBN-c)
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Flank (L=40m) Flank (L=120m) Flank (L=200m)
V=15m/min, f=0.Imm/rev, t=0.1mm
Fig. 5 Optical micro photographs of tool wear(cBN)
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V=15m/min, =0.1mm/rev, t=0.1mm
Fig. 6 Optical micro photographs of tool wear(PcBN)
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Fig. 9 Relation between cutting force and cutting distance
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Fig. 12 SEM photographs of tool wear
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Fig. 13 Wear process of diamond tools
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Fig. 15 Optical micro photographs of chips
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