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Examination of intermittently decelerated feed drilling using polycarbonate

YOSHIKAWA Akira, SAKURAI Keizo, KOBORI Osami,
ADACHI Katushige and OKITA Kozo

Abstract

At present in strictly economic and environmental situations, the improvement of
production efficiency and environmental bad influence is the actual subject in a drilling
process. In this study, in order to solve the cutting mechanism during intermittently
decelerated feed drilling with polycarbonate was investigated and the relation among the
cutting force (thrust, torque), chip shape and breaking stress of chip etc. was discussed.
The main results are as follows.

(1) The torque force in case of intermittently decelerated feed drilling (Ft=2,34) nearly
equal in comparison with conventional drilling (Ff=1) and the changed range of
this torque varies approximately 20 % because of a dynamic component due to the
periodic fluctuation of the applied feed.

(2) The thrust force in case of intermittently decelerated feed drilling (Fi=2,3,4)
increases approximately 50% in comparison with conventional drilling (Fr=1) and the
changed range of this thrust varies approximately 50~60% than that of Ff=1.

(3) The change of chip thickness is not a rectangle, it is chevron. On intermittently
decelerated feed drilling, there was a chip of the folded condition on the slow feed part.

(4) In breaking test of the chip, the breaking power is lowered of intermittently
decelerated feed drilling further than conventional drilling. The breaking position is
different by intermittently decelerated feed ratio.
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Fig. 1 lllustration of intermittently decelerated feed drilling

Table 1 Mechanical property of polycarbonate

Tensile Density Melting point | Compressive Shear Elongation Specific
strength strength strength gravity
(MPa) (g/cn) (T) (MPa) (MPa) (%)
63 1.20 230~240 784 39.2 110 12
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Table 2 Cutting conditions

. Frequency Rotational frequency Early feed Slow feed
Ratio of accelated feed (Hz) (m-1) (mm/rev) (mn/rev)
Fr=1 0.15
Fr=2 0.200 0.100
1 180
Fr=3 0.225 0.075
Fr=4 0.240 0.060
Ff _ Facc
Fdec
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Fig. 2 Measured results of torque
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Fig. 3 Measured results of thrust
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Fig. 4 Definition of cutting force (thrust, torque) during intermittently decelerated feed drilling

Table 3 Measured results of cutting force (thrust, torque) for intermittently decelerated feed drilling

Early feed Changed
value range of Cutting Torque (N-m) Cutting Thrust (N)
Ratio of (mm/rev)  |intermittently
accelated feed| Slow feed decelerated Changed Changed
value feed Torque range torque Thrust range thrust
= 0, — 0,
(mre) | F2=100%) | FEL00%) e Cio00s) | FRE00%) | p s 000
F1 015 0.53 37
(Fe=1) ) (100%) (100%)
F2 0.2 0.1 053 0.09 a gg’% 27
0
(Fi=2) 0.1 (100%) (100%) (100%) (143%) (100%)
F3 0.225 0.15 053 011 a ggy) 32
— 0 0 0 o 0
(F=3) 0075 (150%) (100%) (122%) (150%) (120%)
F4 0.24 0.18 0.64 013 a é’g% 38
— 0, 0, 0, 0 0,
(F=4) 006 (180%) (120%) (144%) (155%) (140%)
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Fig. 5 Comparison of chip shape in case of F=2,3,4 with that of Fi=1
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Fig. 6 Variation of chip thickness for Ft

Table 4 Measured results of chip thickness for intermittently decelerated feed drilling

Early feed value Changed range Largest chip Ch d ‘
Ratio of accelated (mm/rev) of intermittently thickness (um) jlanged range o
- chip thickness (mm)
feed Slow feed value decelerated feed Smallest chip (F2=100%)
(mm/rev) (F2=100%) thickness (mm)
F1
(Fi=1) 0.15 0.123
F2 0.2 0.1 0.158 0.137
(Fe=2) 0.1 (100%) 0.021 (100%)
F3 0.225 0.15 0.187 0.169
(Fi=3) 0.075 (150%) 0018 (123%)
F4 0.24 0.18 0.194 0.183
(Fi=4) 0.06 (180%) 0011 (134%)
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