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A Study on the Ultraprecision Cutting of Aluminium Alloy
by the Diamond Tool

Ki-Hyun Yu,* Sang-Don Mun.* Jong-Sun Yu.* Tae-Young Kim.** Nam-Seob Seo**

ABSTRACT

This paper presents the characteristics of surface roughness and cutting force in ultraprecision
cutting of aluminium alloy using natural diamond tools whose edge radii are smaller than those of
tools made of other materials. The feed rate and depth of engagement were set to be a micrometer
order. After measuring the surface roughness of machined surface and cutting force for each cut-
ting condition. the relations between the surface quality and its condition were investigated quali-
tatively.

If the feed rate was under a certain limit, the machined surface quality was deteriorated unex-
pectedly. This is supposed to have happened due to vibration leading its condition to abnormal one.
In a certain situation the machined surface roughness by a natural diamond tool was inferior to
that made by a carbide tool whose cutting edge radius is larger. This is supposed to be caused by
not normal machining but burnishing effect.
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(a)
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(b) The minimum uncut-chip thickness
must be larger than the tool edge radius.

(me<rm,t3<t1)
(¢) The minimum uncut-chip thickness
can be smaller than that of the case(a).

Fig. 1 The effect of the tool edge radius to the
mininum uncut-chip thickness '
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Table 1. Experimental equipments

CNC Lathe PUMA 6S turret type
Tool dynamometer KISTLER 9257A
Charge amplifier KISTLER 5001

Surface roughness tester Mitutoyo Surftest-201
A/D converter FPGA ASIC controller

486PC CPU 80486
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Fig. 2 Experimental device set up

Table 2. Chemical compositions of Al alloy (2024)

Cu | Si {Mg | zn | Cr|Fe | Ti| Al mh:‘m
38 0.50 1.2 03 0.10 | 050 | 015
~49 | max | ~18 | ~09 | max | max | max | '®St T4
Table 3. Cutting conditions
Velocity(m/min) 200, 600
Feed(m/rev) 2.5 8 11, 17, 2329 3
Uncut~chip
thickness (m) 8 10, 17,
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Fig. 3 The relation between surface roughness
and feed
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Fig. 4 The relation between surface roughness
and feed
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Fig. 5 The relation between surface roughness
and feed
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Fig. 6 The relation between surface roughness
and feed
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Fig. 7 The relation between cutting force and
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Fig. 8 The relation between cutting force and
nose radius
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