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A Study on Low Frequency Vibratory Drilling of SUS 304
by TiN Coating Drills
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Abstract

In this paper, a friction test was conducted with a friction testing machine to examine
the basic interaction phenomena (frictional force, frictional temperature etc.) resulting
from adhesion or welding between the test piece (SUS 304) and TiN coating. For
comparison, black oxide coated test pieces were employed.

Beside, cutting characteristics (tool life, cutting force, drill wear, etc.) during the
drilling of SUS 304 with TiN coated drills was investigated and the results were compared
with these of cobalt HSS drills (JIS SKH 56).

The experimental results revealed a marked difference in performance between both
type of drills with TiN coated drills showing superiority in every domain.

Moreover the experimental results were compared with those in drilling by cobalt
HSS drills. From this study, it is found that cutting characteristic in drilling of SUS 304 by
TiN coating drills is more superior to those by cobalt HSS drills.

Key words : Drilling, Low frequency vibratory drilling, Twist drills, Cutting force,
Tool wear, TiN coating
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Fig.1 Schematic of friction testing apparatus
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Table 1 Chemical composition of workpiece

Ni Cr Mn Si C P S
8.34 18.0 0.99 053 0.068 0.027 0.020

Table 2 Mechanical properties of workpiece

Yield strength 245MPa
Tensile strength 598MPa
Elongation 71%
Brinell hardness 138
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Web thickness 0.87 mm Helix angle 36.30 deg.

Relief angle 14 deg. Width of margin 0.43 mm
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Fig2 Twist drill with dimensions
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Fig.3 Appearance of low frequency vibratory drilling apparatus
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Fig4 Schematic of low frequency vibratory drilling apparatus
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Fig5 Results of friction characteristic test
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Fig.6 Comparison of cutting force
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Fig.7 Relation between drilling depth and tool life
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Fig8 Relation between drilling depth and cutting length
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(a) TIN drills (140 holes)

(b) COHS drills (90 holes)

Drill dia. 6mm,Revolution 24 S™', Feed rate 0.1 mm/rev,
Drilling depth 10mm, Workpiece SUS304. Wet cutting.

Fig.9 SEM photographs of wear of cutting edge
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Fig.11 Variations of cutting force on the low frequency vibratory drilling
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TiN drills COHS drills

(b) Flank wear

(c) Face wear

Dritl dia. 6mm, Revolution 24 S*, Amplitude 0.lmm,
Feed rate 0.1 mm/rev, Frequency ratio 0.1 cycle/rev,
Drilling depth 25mm, Workpiece SUS304, Wet cutting.

Fig.13 SEM photographs of damage of cutting edge after the low frequency
vibratory drilling
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