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Hardmilling with ¢cBN Tools
— Studies on High Speed Endmilling (2nd Report) —

Akira HOSOKAWA, Masato OKADA, Syusuke KITAGAWA, Ryutaro TANAKA and Takashi UEDA

The cutting performance of ¢BN tools for high-speed end milling of hardened steel is investigated. The cutting characteristics

are evaluated by tool temperature at the flank face, cutting force, chip geometry and surface roughness at the change of cutting

speed v and workpiece hardness. The temperature of cutting tool is measured using a two-color pyrometer with an optical fiber.
The tool flank temperature 6, increases with the increase of cutting speed and workpiece hardness, and reaches approximately
850°C at v=600 m/min and HRC60. In particular, the workpiece hardness has great influence on the tool flank temperature. On
the other hand, the principal cutting forces does not change so much with workpiece hardness. Based on the chip geometry
measured, the most likely explanation for these phenomena is that chip formation process changes with workpiece hardness. As
the workpiece hardness increases, the cutting actions become stable so that the surface roughness decreases. In the case of the
low cBN content tool, tool flank temperature increases by 20~50°C or more than high content one, because of the low thermal

conductivity.
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Fig.1 Structure of two-color pyrometer with an optical fiber
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10 Table 2 Physical properties of ¢cBN tools
% cBN-(1) c¢BN-(2)
% 0 =50 ==0 == XA cBN content % 80 ~90 50 ~ 60
@, t T t = Binder Co TiN
8 T 1 I Hardness Hv 3900 ~ 4200 3200 ~ 3400
© —10[ Detector: InAs—detector Thermal conductivity & W/(m-K)
H Input: Square wave of A=1.55 um (@20 /5007750 / 900°C) 75.7/93.1/87.3/82.6 37.7/50.4/50.9/52.4
EEE ) Thermal diffusivity a x10°m%s
20 = 11 = = 3. P - = = = , (@ 20/ 500750 / 900°C) 302/162/13.7/125 146/10.1/94/8.9
10 10 10 10 10 10 10 10
Frequency f Hz
Fig.2 Frequency characteristics of InAs-pyrometer
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Table 1 Experimental conditions :*5: 0 1 lh [l L . I.r : I.‘ l] L. l
Cutting tool Throw-away type end mill &p 400 T  Thrust force F.
Diameter D =25 mm = 200 I : : ¥
Axial rake v, = +7°, Radial rake y, = —4° 3 L i L L l l_
Tip geometry: N.L.=-15° 0 l. i \
Workpiece Carbon steel: JIS S55C 200 e, -
(20HRC, 40HRC, 50HRC, 60HRC) > - InAs—detector ]
Cutting speed v =100, 200, 400, 600 m/min g 100 : —
Feed per tooth f =0.05 mm/tooth " 0 :I I l I ) l ! l | | 11
Radial depth of cut | Rq=0.2 mm g L L MR 1 X
Axial depth of cut | A4=3 mm 's 200 it InSb_detector J
Cutting style Down-cut without coolant 5 100 I o N
& e 4
: i 1 | ! L 1 | 1
Tip geometry t A-A 50 100 150 200
200 T T —2
3 _0.13mm 5 L®) £ 0.67ms . ,mnsb >
£ 100} = N InAs 1.~
Rake face ¥ 48 5 F— H . L‘;
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100 um Time T ms

Fig.4 Form of cutting edge
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Fig.6 Typical output profiles of two-color pyrometer
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Fig.7 Relationship between cutting speed and tool
flank temperature in the case of cBN-(1)
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Fig.8 Relationship between workpiece hardness and
tool temperature in the case of cBN-(1)
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Fig.9 Relationship between cutting speed and tool
flank temperature in the case of cBN-(2)
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Fig.10 Relationship between workpiece hardness and
tool temperature in the case of cBN-(2)
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Fig.11 Relationship between cutting speed and feed force
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Fig.12 Influence of workpiece hardness on cutting
force for two types of ¢cBN tools
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Fig.13 Change of chip morphology with workpiece hardness
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Fig.14 Relationship between cutting speed and simplified shear angle
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Fig.16 Relationship between workpiece hardness and surface roughness
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Fig.17 3D profiles of workpiece surface
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