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Tool Deflection and Geometric Accuracy to the Change of Inclination
Position Angle during Machining Sculptured Surface

Duck Hyun Wang* and Hee Chul Park**
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{ Abstract [

In this study, hemisphere and cylindrical shapes were machined for different tool paths and machining conditions with
ball endmill cutters. Tool deflection, cutting forces and shape accuracy were measured according to the inclination position
of the sculptured surface. As the decreasing of inclination position angle, the tool deflection was increased due to the
decreased cutting speed when the cutting edge is approaching toward the center. Tool deflection when upward cutting is
obtained less than that of downward cutting and down-milling in upward cutting showed the least tool deflection for the
sculptured surface. Roundness values were found in the least roundness error when down-milling in upward cutting. It is
obtained the very little difference between 90° and 45° of inclination position angle. The best surface roughness value was
obtained in upward up-milling and showed different tendency with tool deflection and cutting force. For down-milling, the
cutting resistance of the side wall direction is larger than that of feed direction. Therefore, this phenomenon which is
received over cutting resistance can be caused of chatter.

Key Words ; Ball endmilling (£-91 =2 7}%), Inclination position angle (7 AF9] ] 2}), Tool deflection(F7% ¥ ), Machining
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Fig. 1 Simplest tool deflection models
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Fig. 2 A deflected ball end mill in the y direction
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Fig. 4 Tool deflection measuring setup
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Table 1 Specification of experimental equipments

Equipment Specification

TNV-40V
(Tongil Heavy Ind., Korea)
EX-008 (Keyence, Japan}

Machining center

Eddy-current sensor

Controller EX-502 (Keyence. Japan)

A/D converter AT-MIO-16E-1 (NI, USA)
Ball endmill Powder HSS 10¢ (0SG, Korea)
Roundness RA-116D {Mitutoyo, Japan)

Surftest-501{Mitutoye, Japan)
DPM-612(Kyowa, Japarn)

Roughness tester

Strain preamplifier

Teol dynamometer | SATO AST-MM (Kyowa. Japan)
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Table 2 Chemical composition(%) of CPM-T15

Chemical compositions(%)
C Cr W Mo A Co

1.50 4.0 12.3 - 5.0 5.0

APez A 4E ARE ZotaH FEHRE AHEHE
SCM4402.2, gho] A- sl AAAo] 433 7ATZ
£330 2 AFe A 2790 ¥ (nomalizing)d 2]
F BSith & Agd A9 AW slTe et oz

(a) hemispherical form (b) cylindrical form

Fig. 5 Shape of workpiece for machining
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Table 3 Mechanical properties of SCM440 workpiece

Mechanical property Value
Yield point [kgf/mm?] 85
Tensile strength (kgf/mm?) 100
Hardness {HB] 300
Elongation [%]) 12
Area reduction (%) 45
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Fig. 6 Schematic diagram of cutting force component
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Fig. 9 Tool deflection for upward cutting in hemisphere shape
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Fig. 11 Tool deflection of up milling when experimental condition is upward cutting for cylindrical shape
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Fig. 15 Roundness due to the change of inclination angle for hemisphere shape
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Fig. 16 Roughness due to the change of inclination angle for cylindrical shape
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