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Tadahiro WADA, Kazuki HIRO, Junsuke FUJIWARA*, Shinsaku HANASAKT*
Shinji YOSHIHARA** and Tomohito SASAYAMA

PRECISION ENGINEERING, (2003/04), 191-198.

As a 6061 aluminum alloy has both high strength-
to-weight ratio and good corrosion resistance, it is used
for automobile parts or motorbike parts. In finish cut-
ting at small feed rate, it has a bad influence on the
cutting operation because of the continuous chips.
Usually, Pb and Bi are added in order to break the con-
tinuous chips. The chips become brittle because Pb or
Bi, which has the low melting point, is dissolved by cut-
ting heat, and the chips are broken easily. Therefore,
free-machining aluminum alloys such as a 6262 alu-
minum alloy, contains 0.4 ~0.7mass percent Pb and Bi,
are widely used. However, from the standpoint of the
environmental protection on the earth, it is necessary
to improve the chip breakability without adding Pb. In
order to clarify the influence of Si contents added to the
6061 aluminum alloy, on the chip control performance,
the aluminum alloys which have the different Si con-
tents, namely 2 mass%, 4 mass%, 6 mass% Si, were
drilled by high speed steel drill. As a result, it is report-
ed that Si addition increases the chip breaking per-
formance [1]. However, it was considered that the tool
wear increases because of adding Si. Recently, the dry
cutting is desired from the viewpoint of the protection
of the global environment. The cutting temperature
rises if the cutting fluid isn't used. The chips become
flexible, and don't break easily.

In this study, the aluminum alloys, which have the
different Si contents, were turned under the dry cut-
ting, the chip configurations, surface roughness, cutting
forces and tool wear are investigated experimentally.

The chemical compositions of main elements and
the mechanical properties of the aluminum alloys are
shown in Table 1 and Table 2.

Table 1 Chemical compositions of main
elements(mass %).
Alloy Si Fe Cu
6061 0.67 0.19 0.24
2%Si 2.16 0.20 0.26
3%Si 3.17 0.22 0.26
4%Si 3.90 0.20 0.26
6%31 6.15 0.16 0.28

* Osaka University
** KOBE STEEL, LTD.

The main results obtained are as follows:

(1) The feed rate limit, which can be obtained the desir-
able chip configurations for the chip control,
decreased with the increase of the Si contents of the
aluminum alloys.

(2) The cutting forces decreased with the increase of
the Si contents of the aluminum alloys. Particularly,
the decrease of the feed force was remarkably large.

(3) In case of the high speed steel tool, the tool wear
increased with the increase of the Si contents.
However, in case of the cemented carbide tool, there
was little influence of the Si contents on the tool
wear.

Table 2 Mechanical properties.

Alloy S’Efgr?g‘fh Elonfation Hardness
MPa % HRB
6061 301 20.3 62
2%Si1 318 18.0 64
3%Si 326 16.7 65
49%Si 330 16.1 65
6%Si 339 11.2 68

The tool materials used were Mo-V-Co high-speed
steel (1.4% C) and cemented carbide K10. The configu-
ration of the tool insert was TNGG160404R-P. This
insert had a parallel groove type chip-breaker, and the
width of the chip-breaker is 2.5 mm. This insert was
attached on the tool holder MTGNR2525M16. In this
case, the tool geometry was (-6, -6, 6, 6, 30, 0, 0.4 mm).

The turning tests were carried out on a CNC lathe
(Type TSL-360CNC, TAKISAWA MACHINE TOOL Co.
Ltd.) with adding variable-speed drive. This lathe has
the driving power 2.2 / 3.7 kW and the maximum rota-
tional speed is 2000 rpm.
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Stagnations of increasing trends in negative pressure with repeated
cavitation in water/metal Berthelot tubes as a result of mechanical sealing
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Studies of liquids under negative pressure have been
of basic importance in applied physics, chemistry and
mechanical engineering [1-3]. In order to facilitate
experimental studies for flammable organics including
polymer solutions under Ymeasured negative pressure,
authors have adopted a Berthelot technique using a
metal tube having a built-in pressure transducer [4].

By observing trends in negative pressure for
water/stainless steel tube sealed with poly-crystalline
metal plug Berthelot systems, authors disclosed 1) neg-
ative pressures increased with the number of temper-
ature cycles (cavitation history effect), though scattered
wide, 2) the effect was interpreted by a gas-trapping
crevice model supplemented with a gas-supply assump-
tion (gas-being-replenished crevice model) and 3) de-
gassing pre-treatments for plugs were effective to raise
negative pressures higher than their surface pre-treat-
ments alone, though maximum negative pressures were
achieved only after several thousands of temperature
cycles [4]. A physical aspect of the time consumption
and the wide scattered negative pressures was grasped
by comparing single- and poly-crystalline molybdenum
tubes sealed with single-crystalline copper plugs,
respectively [4]. The results indicated that the two
drawbacks would be a natural result of 1) rather slow
impurity gas transports in metals, and 2) high cavitation
probability of super-expanded liquids.

Both a tube and a plug were made of a special prod-
uct of type 316L stainless steel (NKK, Clean Z) [4]. After
heating of the steel under vacuum, its out-gassing rate
of hydrogen, which was a main specie from the steel,
was reduced to ca. 1% of those in ordinary products of
the same grade. They attributed the reduction to the
minimization of nonmetallic inclusions in the steel.
Accordingly authors degassed the both degassed at
850° C for 1h under vacuum of 5X 10"Pa after their
machining.

The tube consisted of a top cap for sealing, a spec-
imen chamber part and a bottom cap for waterproof of
the sensors. They were held by eight pairs of bolts and
nuts through holes symmetrically drilled on the out-
skirts of their flanges. The four pairs fixed the top cap
and the chamber part through the holes angled by n/2
radian each other. The other four pairs did the chamber
and the bottom.

The volume of the specimen chamber was ca. 47mm°.
The bottom of the chamber was a diaphragm of ca.
2.5mm in thick. Metal-film strain gauges (Kyowa

* Nagoya Institute of Technology

Dengyo Co., KFG) were cemented on the outside to form
a built-in pressure-transducer. A thermocouple, copper-
constantan, was also fixed nearby the transducer for
monitoring liquidts temperature.

The pressure transducer was calibrated by apply-
ing nitrogen gas of known positive pressure from out-
side of the diaphragm [4]. Its linearity against pressure
was assured to ca. +15MPa at every 10°C in 20-70°C.
The temperature dependence of its linear coefficient
was ca. 0.02%/°C. Since authors had known a bad effect
of direct exposure of nitrogen gas from inside of the
diaphragm , authors returned to the previous method
for calibration.

The steel plug had a tapered and truncated part.
Upon sealing the tapered part was compressed to a
sharp edge of the specimen chamber’s opening by a
stainless steel screw rod with a pitch of 1 mm per turn
supported by the top cap. The area of the chamber walls
and that of the plug in contact with the specimen was
ca. 73mm?*and ca. 9mm? respectively.

Authors first carried out two 1800-cycle runs and
the third 3300-cycle run for water in the all-stainless-
steel tube, and then tested the same steel tube sealed
with Ag plugs in turn by operating one-bath ATCR.

n the latter trials, authors controlled amount of seal-
ing distortion of each Ag plug by the rotating angle of
the screw rod. It was assured by inspecting protrusions
indented on each plate surface after the run.

Negative pressure was raised to ca. — 18.5MPa,
which is the highest level ever reported for water in a
metal tube. A metallurgical mechanism of a gas-being-
replenished crevice model is proposed: distorted parts
of metals undergo heat-treatment during runs of tem-
perature cycles, and the heat-treatment enhances the
rates of impurity gas transports to crevices on the
metal surface where cavitation occurs, and the trans-
ports causes the stagnation for cycles during which the
rates are still high.
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