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Characteristics of Tool Deflection when Pencil Cutting
with Ball-End Mill
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ABSTRACT
Pencil cutting can eliminate overload in uncut area caused by large diameter ball-end mill before

finish cutting. As ball-end mill for pencil cutting is long and thin type, it is easily deflected by

cutting force. The tool deflection when pencil cutting with thin and long ball-end mill is one of the

main reason of the machining errors on a free-form surface. The purpose of the research is to find

the characteristics of deflected cutter trajectory by eddy-current sensor.
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Fig. 1 Experimental setup
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Fig. 2 Cutting direction
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Fig. 3 Cross-section of pencil cutting
in plane by 6¢ ball-end mill
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Fig. 4 Tool deflection for up cutting
according to downward path
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(a) 700rpm, 28mm/min  (b) 700rpm, 20mm/min
Fig. 5 Tool deflection for up cutting
according to upward path
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Table 2 Tool deflection at the corner
for up cutting
Tool Spindle Feed rate Tool Deflection(mm)
path | speed(rpm) | (mmymin) | X direction | Y direction
A 700 28 (-) 0326 | (-) 0.373
700 20 (=) 0253 | (-) 0.273
B 700 28 (+) 0.306 | (-) 0.373
700 20 (+) 0.233 | () 0.300

(-) : Overcut, (+) : Undercut
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Fig. 6 Tool deflection for down cutting
according to downward path
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(a) 700rpm, 28mm/min  (b) 700rpm, 20mm/min
Fig. 7 Tool deflection for down cutting
according to upward path
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Table 3 Tool deflection at the corner
for down cutting

Tool Spindle Feed rate Tool Deflection(mm)
path | speed(rpm) | (mm/min) | X direction | Y direction
A 700 28 (+) 0.275 | (+) 0.091
700 20 (+) 0.253 | (+) 0.078
700 28 (+) 0.097 | (-) 0.166
B ™ 00 20 | 0107 [O 0133

(=) © Overcut, (+) : Undercut
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