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Hardmilling with cBN and coated tools
— Evaluation of heat resistance of tool and development of compact two-color pyrometer —

The cutting performance of ¢cBN and coated tools for end milling of hardened steel is investigated. The cutting character-

istics are evaluated by tool wear and temperature at the flank face,

cutting force and surface roughness at the change of cutting

speed, workpiece hardness and coated film material. The temperature of cutting tool is measured using a two-color pyrometer
with an optical fiber. In the case of high-speed hardmilling with cBN tools, the temperature of cutting tool increases with the
increase of cutting speed and workpiece hardness. In particular, the workpiece hardness has great influence on the tool flank
temperature. In the case of low-speed hardmilling with coated tools, the tool flank wear becomes large using TiN and TiCN
coated tools. The tool flank temperature increases with the increase of surface roughness of coated film. On the other hand,
the cutting forces does not change so much with surface roughness of coated film, A compact two-color pyrometer using an
optical fiber is developed for the purpose of monitoring the tool temperature in end milling. This pyrometer has a higher
response of 100kHz and better S/N ratio and measures the temperature of 200°C or higher. The temperature of carbide tool
during intermittent cutting of carbon steel is investigated in process with this newly developed pyrometer.
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Fig.1 Structure of two-color pyrometer with an optical fiber
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Fig.2 Experimental setup

Table 1 Experimental conditions

Cutting tool Throw-away type end miil
(cBN, coated tool) Diameter D =25 mm
Axial rake y, = +7°, Radial rake v, = —4°
. Tip geometry: N.L=-15"
Workpiece Carbon steel : JIS S55C
(20HRC, 40HRC, 50HRC, 60HRC)

Cutting speed v =70, 100, 200, 400, 600 m/min

Feed per tooth J=0.05 mm/tooth

Radial depth of cut | Rq=0.2 mm

Axial depth of cut | 44=3 mm

Cutting style Down-cut without coolant

Table 2 Physical properties of cBN tools
BN600 BN250
BN content % 80~50 50~ 60
Binder _ Co TiN
Hardness HV 3900 ~ 4200 3200 ~ 3400
Thermal conductivity ¥ W/(m'K) | ..
(@20/500/750/900°C) 75.7193.1/87.3/82.6 | 37.7/504/50.9/ 524
Thermal diffusivity @ x10°m%s
(@2015001750/900°C) 302/162/13.7/12.5| 14.6/10.1/9.4/89
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Table 3 Physical properties of coated tools
TIN TiCN | TiAIN | TiAIN/AIC/N

Hardness mefum®| 3745 | 4807 | 4353 5047
Surface roughness R, um | 0528 | 0419 | 0.713 0.872
i 40 36 29 3.0
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Fig.3 Form of cufting edge
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Fig.4 Relationship between cutting speed and tool flank temperature
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Fig.11 Relationship between tool flank temperature and surface roughness
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Fig.12 Influence of cutting edge form on surface roughness
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Fig.13 Fundamental structure of compact two-color pyrometer
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Fig.15 Influence of cutting speed of tool flank temperature

© 725 150
i 3
700 125
4100 &
Bers
& 15 §
§'650 - =
8 v =600 m/min 450 -g
f=(3) S mm/tooth S
A= =
g 625 -t Ps g
% a0 DN Sk |y
=0 100 200

Cuttinglength L, m

Fig.16 Influence of cutting lenth on tool flank temperature and wear
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