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Powder Metallurgy implemented to the Hands-on Education
for Introducing Metalworking Technology to Young Students

Yukinori TANIGUCHI, Kouki OKUMURA", Toshifumi NAKANISHI**
Mitsunori OZAKI, Tatsumi ICHISE and Koutaro YAMANQ***

In this paper, we propose applying Powder Metallurgy (PM) as a theme of workshop practice which aims to

give young students interest in manufacturing technology or material science. Three technical procedures, (1)

Simplified metal powder forming method, (2) Using silicone for a means of self making mold, (3) Special

sintering method that uses ordinary microwave oven, have been suggested in order to conduct the workshop

practice in the common classroom without any special devices. We have held several workshops for young

students at our school and junior high school. In the workshop, the copper powder with ager binder was casted

into a silicone mold, and was successfully formed to desired shape without compaction pressure. Sintering was

demonstrated in the classroom and it seemed that every student had enjoyed looking how the PM parts are

produced. The results of questionnaire show that the all student had enjoyed and almost all students have got

interest in metalworking technology after proposed workshop. It is concluded that proposed procedures are very

effective as a means to introduce the knowledge of manufacturing technology to young students or kids.
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Study of Unsteady Supersonic Jet using Shock Tube with Small High-Pressure Chamber

Hiroshi FUKUOKA, Minoru YAGA”, Toshio TAKIYA “and Ikurou UMEZU"""

The unsteady supersonic jet formed by the shock tube with small high-pressure section was used as a simple
alternative system of pulsed laser ablation. =~ The dynamic of the supersonic jet impinging upon a flat plate are
discussed by comparing experimental and calculated results. The experiment and numerical calculation were
carried out by schlieren method and by solving the axisymmetric two-dimensional compressible Navier-Stokes
equations, respectively. The main parameters are distance between the open end of the shock tube and the flat
plate, L/D, and the pressure ratio of the shock tube, P,/P,. Where, L, D, P, and Py, are the distance between the
open end of the shock tube and the flat plate, the diameter of the shock tube, pressure of the high and low section

of the shock tube, respectively. Collision between the shock wave reflected at the flat plate and the head of

supersonic jet takes place.

wave and the supersonic jet.

Computational results well predict the experimental dynamic behavior of the shock

Marked increase in the static pressure on the flat plate under high P;/P, and short

L/D is observed due to interaction between the shock wave and the unsteady jet flow.
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Interferometric Measurement of Thickness using a Pico-second Pulse Laser

Yoshihiro OSHIDA

In this paper, a thickness measuring system using a pico-second pulse laser is proposed. The properties of the Pico-
second Pulse Laser are narrow pulse width, high energy density, high peak power and broad bandwidth of oscillation.
The pulse laser is used for micromachining. But, the coherency of the pulse laser is low due to broad bandwidth.
Moreover, two light waves with optical path difference over the pulse width cannot interfere, then the interference
fringes are not observed. Therefore, in the interferometer using the pulse laser, two path lengths (reference beam,
object beam) must be equal to obtain the interference fringes. In this method, by maximizing the contrast of the
interference fringes, the interferometer with zero path difference between two paths can be constructed. When the
transparent media is placed in the object beam of this zero path difference interferometer, the contrast of the fringe
decreases or vanishes. In this case, zero path difference is achieved by moving the reference mirror to the position
where contrast of fringes is maximum value. The amount of displacement of the reference mirror corresponds to the
path difference occurred by the transparent media. Consequently thickness of the object can be measured by the

amount of the displacement of the mirror. To demonstrate the validity of this method, we show the experiment to
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measure the thickness of plastic plate. Experimental results show the validity of this method.
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Development of Au — Sn Alloy Fiber by the In-Rotating-Water-Spinning Process

Mitsuyoshi SHIMAOKA and Motoi WADA™

The spinnability of pure gold on the In-Rotating-Water-Spinning process is not good because of the low
formability of the oxide film around the molten gold jet. The development of continuous fiber of Au-Sn alloy by this
spinning method has been performed in order to clear the effect of the addition of Sn on the spinnability. The
relation of the amount of Sn and its spinnability have been examined. In Au-20wt%Sn alloy, very long fiber of 12 m

o . . .. . . -1, .
with circular cross section was obtained at the conditions of 120pm in the nozzle diameter, 3.33 s in the rotating

drum velocity, 0.40 MPa in the ejection pressure and 0.803 rad in the incidence angle of jet. In Au-Sn alloy, the

amount of Sn decreases by 0.6wt%(1 at%), the wire length shortend to around 100 mm.
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Fig. 1  Schematic diagram of In-Rotating-Water-Spinning

apparatus.
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Table 1 Experimental conditions for In—Rotating — Water —

Spinning method.

Nozzle Diagram, dn [um] 150 ~ 170
Velocity of Rotating liquid layer , ND

. 3.17~4.83
[s7]
Ejection Pressure, Pn [MPa] 0.30~0.45
Temperature of Coolant, Tf [C] 9~20
Coolant H,0, C,HsOH
Distance between nozzle tip and liquid

14~23

surface : / [mm)]
Incidence angle, @, : [rad] 0.58 ~0.90
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Fig. 2 Equilibrium phase diagram of Au — Sn alloy system.
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Fig. 3 Video image of the molten Au — 80wt%Sn alloy jet

flow.
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Fig. 4 SEM images of the surface appearances of the
obtained Au — 80wt%Sn alloy fibers.
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Fig. 5 Jet flow of Au — 20wt%Sn alloy and the surface of

obtained wires.
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Fig. 6 Molten Au — 15wt%Sn alloy jet flow, the surface

appearance of obtained wire and its cross sectional shape.

Fig. 7 The surface appearance and the cross sectional shape

of obtained Au — 10wt%Sn alloy wires.
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Fig. 8 The surface appearance and the cross sectional shape

of obtained Au — 5wt%Sn alloy wires.
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Fig. 9 The jet flow of molten Au — 3wt%Sn and Au —

(g) : Au—3wt%Sn alloy
(h) : Au—1wt%Sn alloy

1wt%Sn alloys, the surface appearance of the obtained wires

and their cross sectional shape.
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Au — 1at%Sn alloy
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Fig. 12 The jet orbit of molten Au — 1at%Sn alloy in rotating

water layer.
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Fig. 10 SEM views of obtained Au — 0.6wt% (1at%) Sn alloy
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Fig. 15 The specimen of tensile test piece for the spun wire.
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Fig. 16 The stress-strain diagrams of obtained Au —
0.6wt%Sn alloy fibers.
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Fig. 17 SEM views of the tensile fracture surface of the
obtained Au — 0.6wt%Sn alloy fiber.
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Study on Aging Test Device of the LED

Hiroaki ICHII, Takashi MAKINO and Katsutaka TSUKAMOTO

In recent years, the need of LED is increasing rapidly. For this reason, the number of production of LED is also

increasing. There is a process called an aging test in the production process of LED. This aging test is the process of

confirming the durability of LED and looking for what not suiting. There is an examination by people's eye as one of

the methods of an aging test. However, since the light of LED is strong, the tester's asthenopia, failure of eyesight, etc.

pose a problem. So, in this study, the simple exam device by image processing using a Web camera and a personal

computer was developed in consideration of cost and the problem of healthy.
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Fig7.Cutting of image
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Sequential formulations for quasi-Stone algebras*
Kenichi ARAGANE

000 00000 1000000 (bounded distributive lattice : BDL) 0000000 ((F8, F8 )z < =—z)
0vOOOODO0OO0O00O (F9°)~(zVy)=-2A-y)0 ADODODOOOO0O0 (~(zAy)=-2V-y)D
0000 (F9)-(zA-y)=-2V--y)000000000000000 ((F10)-0 =1, (F10°)=1 =0) 000
0O (F1)zA-z=0)00000000 [2],[4000000000000000 (quasi-Stone algebra(QSA)) O O
000000000 FOOOODOO0D (F9*)~(zA--y)=-2V-y 0000000000000 *(quasi-Stone
algebra®(QSA*)) 000D0D. D0D0D0OOD0O0*000000000G. Gentzen 000 ([3) 0000000
(0)oOooDoOUOOO GQSA*oUOoOO.

§1 0000000 (QSAY)

(1,2 00000000000,000000000 A0OO,2000 V,A01000 -0000
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In recent years, many difficult-to-cut materials such as
hardened steels, sintered steels, cast irons, etc., are widely
used. One of these difficult-to-cut materials, hardened steels,
are quenched and tempered to improve their mechanical
properties and wear resistance. For dimensional accuracy,
hardened steels are required to be machined by the metal
removal process. As these steels are required to be
machined under high efficiency to improve productivity, it
is necessary that the tool materials have good wear
resistance. Polycrystalline cubic boron nitride compact
(cBN) seems to be an effective tool material because it has
better features as a tool material such as good heat
resistance, high hardness, etc. So, concerning the cutting of
hardened steel, there are many studies on the tool wear of
cBN tools [1, 2]. However the cutting performance of ¢cBN
tools depends on the binding material, etc. [3, 4, 5].
Therefore, an effective binding material, etc. for ¢cBN tools
should be selected for the cutting of hardened steel.
Furthermore, in a ¢cBN tool, the cutting edge is often formed
by chamfering plus honing so as to improve both the
strength of the cutting edge and the chipping resistance.
And the shape of the chamfered and honed cutting edge,
namely the chamfer width and chamfer angle, influences the
tool wear.

In this study, in order to identify an effective ¢cBN tool
for the cutting of hardened steel, the influences of both the
cBN content and the cBN particle size on tool wear at
various cutting speeds was experimentally investigated. The
hardened steel used was an ASTM D2 cold-worked die steel
(JIS SKD11, 60HRC).

The hardened steel was turned with three kinds of ¢cBN
tools, which had different contents ratios, different ¢cBN
particle sizes, and different binding materials. Furthermore,
three kinds of chamfered and honed cutting edges were also
used. This will contribute to improvement of productivity in
the case of cutting hardened steels.

The main results obtained are as follows:

(1) In the case of the ¢cBN tool with a ¢cBN particle size of
5.0 um, the tool life of the cBN tool with a ¢cBN content of
75% was longer than that of the ¢BN tool with a ¢BN
content of 45% at low cutting speed. However, at high
cutting speed, the tool life of the ¢cBN tool with a ¢cBN
content of 75% became shorter.

(2) The tool life of the cBN tool with both a ¢cBN content of
55% and a cBN particle size of 0.5 um was the longest.

(3) The tool wear of ¢cBN tools decreased with a decrease in
chamfer width.
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Surface Modification of Aluminum Alloy using Plasma Based Ion Implantation and Deposition

Tadahiro WADA, Jun NAKANISHI*, Yasuhiro MIKI**, Makoto ASANO**, Koji IWAMOTO*** and Hiroyuki HANY U***

Advanced Materials Research, Vols. 488-489 (2012) pp 960-966.

Aluminum alloy has a high strength-to-weight ratio,
good corrosion resistance and easy recyclability. In finish
cutting at a small feed rate, it has a negative influence on
the cutting operation because of continuous chips. Usually,
Pb and Bi are added in order to break the continuous chips.
The chips become brittle because Pb or Bi, which have a
low melting point, are dissolved by the cutting heat, and the
chips are broken easily. Therefore, free-machining
aluminum alloys such as 6262 aluminum alloy, containing
0.4~ 0.7mass percent Pb and Bi, are widely used. However,
the use of Pb will be prohibited to avoid environmental
damage, and it is necessary to improve the chip breakability
without adding Pb. In order to clarify the influence of the Si
contents added to the 6061 aluminum alloy on the chip
control performance, aluminum alloys that have different Si
contents, namely 2 mass%, 4 mass%, 6 mass% Si, were
drilled with a high speed steel drill. A previous study
reported that Si addition increases the chip breaking
performance [1]. Moreover, it was reported that Si addition
increases the chip breaking performance in the case of
turning with a high speed steel tool, too[2].

Aluminum alloys are used for mechanical parts, but the
alloys have poor wear-resistance. To increase their wear
resistance, a hard coating is applied to the surface of the
alloys. Diamond-like carbon (DLC) is applied in surface
modification technology due to its superior mechanical
characteristics such as wear and abrasion resistance, low
friction, high hardness, anti-reflectiveness, etc. In order to
improve the wear resistance of 6061 aluminum alloy, a new
surface modification method was presented [5]. In this
method, the inner layer of anodic oxide coating, the
intermediate layer of CrN layer and the outer layer of DLC
layer was used. Moreover, this method is indicated for DLC
coating of aluminum alloys having different Si contents.
However, in this method, it is necessary to reduce
production costs. In addition, adhesion between the
substrate and the DLC is slightly inferior.

In this study, in order to clarify an effective surface
modification to improve the wear resistance of aluminum
alloys, a new coatings-substrate system was developed. This
new coating-substrate system consists of nitriding
pretreatment of the substrate, the intermediate layer of the
silicon-based film and the outer layer of the DLC film using
plasma based ion implantation and deposition (PBIID). The
DLC film was deposited on three kinds of aluminum alloys
that have the different Si contents, by this coatings-system.

*Faculty of Advanced Engineering
** Nara Prefectural Institute of Industrial Technology
**% OSG Corporation

In order to determine the influence of the Si contents on the
mechanical properties of the DLC film, SEM observation of
the cross section of the coating layer, the adhesion and the
wear resistance of the coating layers were experimentally
investigated.

As a result, the increase of the Si contents showed no
negative influence upon the mechanical properties of the
DLC film.

The main results obtained are as follows:

(1) In the case of the DLC un-coated aluminum alloys, rapid
progress of the friction coefficient in the case of the 10-N
load was found at the short sliding distance.

(2) The hardness of the DLC film was not decreased with
the increase of Si contents. And the increase of Si contents
did not have a negative influence upon the hardness of the
DLC film.

(3) The frictional coefficient of the Al-4%Si alloy was the
smallest, the frictional coefficient of the DLC film was
decreased with the increase of Si contents, and it was
effective for improvement of the frictional coefficient to
increase Si contents.

As mentioned above, it is clear that the new
coating-substrate system is effective for improving the
adhesion between the substrate of the aluminum alloy and
the DLC film. Moreover, the increase of the Si contents
does not have a negative influence upon the mechanical
properties of the DLC film, rather, the increase of Si
contents was effective for decreasing the frictional
coefficient.
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Tool Wear of Diamond-like Carbon-coated High-speed Steel with a Cr-based interlayer in Cutting of

Aluminum Alloys
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As 6061 aluminum alloy has both a high
strength-to-weight ratio and good corrosion resistance, it is
used for automobile parts or motorbike parts. In finish
cutting at a low feed rate, it has a negative influence on the
cutting operation because of continuous chips. Usually, Pb
and Bi are added in order to break these continuous chips.
The chips become brittle because Pb or Bi, which has a low
melting point, is dissolved by the cutting heat, and the chips
are easily broken. Therefore, free-machining aluminum
alloys such as 6262 aluminum alloy, containing 0.4~0.7
mass percent Pb and Bi, are widely used. However, from the
standpoint of environmental protection, it is necessary to
improve chip breakability without adding Pb. In order to
clarify the influence of Si content added to 6061 aluminum
alloy on chip control performance, aluminum alloys having
different Si contents were drilled by a high-speed steel drill.
As a result, it was found that Si addition increases chip
breaking performance [1]. Next, 6061 aluminum alloy-based
Al-Si alloys, which have different Si contents, were cut with
a high-speed steel tool. The tool wear was investigated
experimentally. The tool wear increased with an increase in
Si content [2]. There are various methods of surface
modification technology for giving wear resistance to the
surface of a material. In surface modification technology,
hard materials such as ceramics are coated onto the surface
of another material. Diamond-like carbon (DLC) is coated
onto the surface of high-speed steel tools to improve their
wear resistance. So, aluminum alloys were turned by a
DLC-coated cutting tool, and tool wear was investigated
experimentally. As a result, in cutting Al-2%Si alloy, the
wear progress of the DLC-coated tool is slower than that of
the uncoated tool, and the effect of wear resistance of the
diamond-like carbon is recognized. However, in cutting
Al1-4%Si alloy, there is little difference in the wear progress
between the DLC-coated tool and the uncoated tool [3]. The
multilayer coating system is designed to have both good
substrate adhesion of the inner coating film and superior
wear resistance of the outer coating film. However, in the
concept of the design of a multilayer coating system, not
much information is available in the open literature on
"suitable" constituent materials to be chosen as the inner

* OSG Corporation

layer, intermediate layer(s), and outer layer [4]. Therefore,
a Cr-based interlayer, namely (Al,Cr)N, was developed as
an intermediate layer and it is effective for improving the

wear resistance of DLC-coated tools.

In this study, in order to clarify the influence of a
diamond-like carbon (DLC) coating layer with a Cr-based
interlayer, namely (AIl,Cr)N, on cutting performance,
aluminum alloys having different Si contents were turned.
The substrate of the tool material was high-speed steel
(1.4%C). Tool wear and surface roughness were
experimentally investigated.

The following results were obtained:

(1) In cutting two kinds of AI-Si alloys, namely Al-2%Si
alloy and Al-4%Si alloy, the wear progress of the
DLC/(Al,Cr)N-coated tool was slower than that of the
DLC-coated tool. Therefore, the (Al,Cr)N interlayer was
effective for decreasing the tool wear of the DLC-coated
tool.

(2) The wear progress of the two kinds of the DLC-coated
tools in cutting of Al-4%Si alloy was faster than that in
cutting of A1-2%3Si alloy.

(3) In cutting of Al-2%Si alloy with a (Al,Cr)N/DLC-coated
tool, the surface roughness was almost constant in the
range of a cutting distance from 0.1 km to 9.5 km.
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Properties of TaN Coating Film Deposited on WC-Co-based Cemented Carbide using Magnetron

Sputter Ion Plating

Tadahiro WADA, Koji IWAMOTO*, Keizo TSUKAMOTO** and Kazuki HIRO

Applied Mechanics and Materials, Vol. 87 (2011) pp 186-190.

Various methods of surface modification technology are
available for yielding high function characteristics such as
wear-resistance, lower or higher friction coefficient,
corrosion-resistance and thermal-resistance on the surface
of the material. Generally, the coating of a hard material
like ceramic on the surface of a material is a popular
surface modification technology. The physical vapor
deposition (PVD) method, which is one of the coating
technologies, is widely used because it can be coated at a
lower treatment temperature of 470K — 870K [1].

In cutting, e.g. turning, milling, drilling and tapping,
coated cemented carbide tools, which have good fracture
toughness and wear resistance, seem to be effective tool
materials. In this case, the titanium based films (e.g. TiN,
(Ti,Al)N) are generally used as the coating film [e.g. 2, 3].

On the other hand, in cutting carbon steel with
WC(tungsten carbide)-Co cemented carbide tools at high
cutting speed, the wear resistance (in particular
crater-wear-resistance) can be improved by adding TiC and
TaC to WC-Co cemented carbide [4]. The thermal stability
of TiC and TaC is better than that of WC at high
temperature, the affinity with Fe of TiC and TaC is lower
than that of WC, and the oxidation resistance
(anti-oxidation) of TiC and TaC is higher than that of WC.
Furthermore, the strength of WC-Co cemented carbide at
room temperature is decreased by adding TiC and TaC to
WC-Co cemented carbide; however, both the strength at
high temperature and the creep-resistance of WC-Co
cemented carbide can be improved by adding TiC and TaC
to WC-Co cemented carbide [5].

On this account, in cutting carbon steel with WC-Co
cemented carbide tools, adding TiC and TaC to WC-Co
cemented carbide is effective for improvement of the wear
resistance of WC-Co cemented carbide [4]. Therefore, the
titanium based films are generally used widely as the
coating films. However, the tantalum based films (e.g. TaN,
TaC) are not applied as the coating film for cutting tools
because the melting point of TaC is higher than that of TiC.
Moreover, it is unclear whether TaN coating film can be
used as a coating film of WC-Co cemented carbide cutting
tools.

In this study, in order to clarify the effectiveness of
tantalum (TaN) coating film, TaN coating film was formed

* OSG Corporation
**Ayabo Corporation

on the surface of the substrate which was a cemented
carbide ISO K10 by the magnetron sputter ion plating
process, and the thickness, the hardness and the scratch
strength (critical load measured by scratch tester) of TaN
coating film were measured. The hardened steel ASTM D2
(JIS SKD11) was turned with two types of PVD coated
cemented carbide tools, namely TaN and (Ti,AI)N coated
cemented carbide tools. The tool wear of the TaN coated
cemented carbide tool was experimentally investigated and
compared with that of the (Ti,Al)N coated tool. The
substrate base metal of the coated carbide tools is cemented
carbides ISO K10.

The following results were obtained:

(1) Droplets on the surface of the TaN coating film, which
has the K10 substrate, were negligible.

(2) The micro-hardness of TaN coating film 2510HV was
higher than that of TiN coating film 2090HV, and there
was little difference in hardness between the TaN 2510HV
and (Ti,A)N 2710HV.

(3) The critical scratch load of TaN coating film over 130N
was higher than that of TiN coating film 68N or (Ti,Al)N
coating film 73N.

(4) In cutting the hardened steel using TaN and (Ti,Al)N
coated tools, the wear progress of the TaN coated carbide
tool was almost equivalent to that of the (Ti,Al)N coated
carbide tool.

The above results clarify that the TaN coating film,
which is a new type of coating film, has both high hardness
and good adhesive strength, and can be used as a coating
film of WC-Co cemented carbide cutting tools.
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Phase diagram of thermotropic liquid crystal including negative pressure region generated in
metal Berthelot tube

Kazuki HIRO and Tadahiro WADA
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Phase diagrams including absolute negative pressure regions of
thermotropic liquid crystals give useful information on science and
technology. For example, when the liquid crystals sealed in cells of liquid
crystal displays are cooled, the liquid crystals may experience negative
pressures and may occur phase transitions from nematic (N) to isotropic (I)
or crystalline phases (Kr), causing the display performance to deteriorate.
From a view of physical chemistry, there are reports insisting that critical
points of I-N transitions for thermotropic liquid crystals are hidden in the
negative pressure regions which may be experimentally reached.

Unfortunately, it has been difficult to perform experiments under
negative pressures because liquids subjected to negative pressures enter
meta-stable and ‘super-expanded’ states, so that appearances of vapor
phases, that is, cavitation phenomena, readily occur via heterogeneous
nucleation, and liquids’ pressures become saturated vapor ones.

An experimental method suitable for measuring properties of liquids
under negative pressures is the Berthelot method. It has been used to
stretch liquids under static conditions by subjecting liquids in containers to
quasi-isochoric changes. Container materials are glasses, quartz, metals,
and so on. Of these materials, metals are excellent as pressure vessels to
facilitate the properties for any liquids, namely water, flammable organics
and so on, though maximum negative pressures in metal are lower than
those in others.

Since pressure dependencies of soft materials are strong, investigations
of them under negative pressures are interesting. Thus, authors have
developed the Berthelot method using a metal tube. Recently negative

pressures to ca. -20 MPa for liquids have been obtained in a small-sized

Berthelot tube. Studies on liquids under negative pressures have been
facilitated.

In this work, a phase diagram of a thermotropic liquid crystal,
4-(4’-propylcycrohexyle)benzonitrile (PCH-3, Merck Co.), was depicted
to negative pressure region on a pressure-temperature (P-T) plane. Phase
transition in thermotropic liquid crystals under negative pressure was
investigated by using an elaborated Berthelot method.

The Berthelot tube using a pressure transducer consists of a screw, a
pressure transducer of strain gauges (Kyowa Elec. Inst. Co., PHL-A), a
socket, a ball for sealing a sample liquid crystal (AKS Co.; 5/16 inch
diameter), two o-rings, and a cup. The linearity of voltages as a function of
pressures of the pressure transducer was assured up to +50MPa in a
temperature range -196 to 200°C. The temperature dependence of its linear
coefficient was approximately 0.02 %/°C. The coefficient was used to
measure not only positive pressures, but also negative pressures. A validity
of the application was supported by suppliers. The sample which had not
been in a solid phase, was poured into the chamber on the top of the
transducer, and was sealed with the ball by compressing it against a sharp
edge at the opening of the chamber using the screw.

The main results are as follows: phase diagram including negative
pressure region to -10 MPa for a thermotropic liquid crystal, PCH-3, was
depicted by the Berthelot method using a pressure transducer. The
coexisting curve was obtained under negative pressures. The tube is useful
as a tool for drawing the diagram for any thermotropic liquid crystal. The
polymorphism of the crystalline phase of PCH-3 was newly discovered.
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