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[Review]

Growth of Oxide Single Crystals by Flux Method

Shuji OISHI™™, Liana JOSEPH"", Sayaka SUZUKI™, Katsuya TESHIMA™"

Summary Crystal growth is an important area of materials science, and significant attention has been
paid to artificial oxide single crystals. Flux growth is defined as the use of a liquid inorganic compound or
metal at elevated temperature as a solvent for crystallization. The major advantage of flux method is that
crystal growth occurs at a lower temperature than that required for the growth from the pure melt. Another
advantage of the method is the presence of facets on flux-grown crystals. In addition to this, the type of
equipment necessary is moderately simple. The flux growth dates back to the first half of the 19th century. In
recent years, flux growth has been used with increasing frequency to grow oxide crystals for electronic devices
and physical measurements. A new technique in the growth of thin oxide films from fluxes has been
developed. Flux growth is a method by which a wide range of oxide crystals may be obtained.

Key Words

1. INTRODUCTION

The majority of elements combine with oxygen to form an
oxide. Oxide single crystals (hereafter crystals) are arranged
regularly in three-dimensional atoms and ions and have the
extreme physical properties of those materials. Crystals are not
only relevant to physical measurement research as samples, but
also play an exceedingly important role in human society. For
example, in the clocks around us, artificial quartz crystals mark
the passage of time. Most precious stones are also crystals.

Naturally occurring oxide crystals present as minerals. There
are also many high quality minerals. However, generally
speaking, they have an irregularity in quality and there is anxiety
over the depletion of mineral occurrence. Man-made crystals
can be provided stably because they can be grown under
controlled conditions and have a constant high quality. Artificial
crystals are indispensable to materials science.

Crystal growth processes can be divided into three
categories: (a) growth from a liquid (liquid—-crystal), (b) growth
from a vapor (vapor—crystal), (c) growth from a solid
(solid—crystal). Due to the ease of rearranging the constituent
atoms, growing large crystals is generally done through the
liquid phase. The growth from liquid is classified into two
categories, melt growth and solution growth. In the melt growth,
liquid is composed only of the same components as the crystal.
It is necessary for the crystal growth to use temperature in excess
of melting point. Since supercooling is the driving force of
crystallization, crystals are grown utilizing slow-cooling. The
advantage of this method is that large crystals can be grown over
a relatively short period of time. On the other hand, solution
growth consists of the aqueous solution, the hydrothermal, and
the flux techniques. Crystal growth occurs in the cooling of a
solution, the evaporation of a solvent, or the temperature

Received August 31,2018
Accepted November 20,2018

* Nagano Prefecture Nanshin Institute of Technology,
8304-190 Minamiminowa, Nagano 399-4511, Japan
** Faculty of Engineering, Shinshu University,
4-17-1 Wakasato, Nagano 380-8553, Japan
*** School of General Education, Shinshu University,
3-1-1 Asahi, Matsumoto 390-8621, Japan

Flux Method, Oxide Single Crystal, Crystal Growth, Artificial Crystal, Thin Film

gradient, because the driving force of crystallization is
supersaturation. In the aqueous solution method, water acts as
the solvent, and crystal growth occurs at a temperature
approximate to room temperature (for example, NaCl crystal).
In the hydrothermal method, water is again the solvent, and
crystal growth occurs under high temperature and high pressure
conditions (for example, quartz crystal). To apply the aqueous
solution method or the hydrothermal method, it is necessary to
dissolve the constituents of the intended crystals in water under
prescribed conditions. When the solvent is a substance other
than water (such as an inorganic compound or metal), the flux
method is used for crystal growth. The most notable advantage
of the flux method is that crystal growth occurs at a considerably
lower temperature than the melting point of solute. Using this
method, crystal growth occurs with little environmental impact.
By choosing an appropriate flux, it is possible to grow several
types of crystals. The flux method allows crystal growth of small
but valuable materials, and research samples. In recent years,
flux growth of thin film oxide crystals for materials is being
developed.

Elwell and Scheel have authored an excellent book
regarding crystal growth from high-temperature solutions”. The
flux method has also been reviewed in detail”. The authors have
also presented books*® and reviews’'® about the flux growth of
oxide crystals. This review will outline the principles of the flux
method, its characteristics, history, choice of flux, experimental,
and new developments. In addition, several examples of crystal
growth will be introduced.

2. FLUXMETHOD

2.1 Principles and Characteristics

The principle advantage of using a flux is that crystal growth
occurs at a lower temperature than that required for growth from
the pure melt. Flux growth is a method in which oxide crystals
may be obtained by use of liquidus curve in phase diagram
(solubility). A typical example of a phase diagram used in
crystal growth from a high-temperature solution is shown
diagrammatically in Fig.1, where A is the material to be
crystallized and B is a flux. The solid A has sharp melting point
at the temperature 7. High-temperature solution pointed out at a
in Fig.1 (composition; X) on cooling will remain a homogeneous
liquid from a temperature 77 to 7>. At the temperature 7> (exactly,
slightly lower than 73), the first infinitesimal amount of the solid
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with composition A will spontaneously nucleate. Upon further
cooling (7>—Tg), solid A will continue to crystallize while the
composition of the liquid follows curve b—E. In the case of
isothermal flux growth, the solution will be concentrated (a—-c),
and followed by nucleation and crystal growth. The primary role
of the flux is to reduce the crystallization temperature of the
solute.

T
_ H\‘\ a Liquid
s T b
= Solid A + Ty
2 Liquid
[;§ Solid B +

. Liquid

Solid A+ Solid B "
A X X B

(Crystal) (Flux)

Composition

Fig.1 Typical eutectic phase diagram in the crystal(A)-flux(B)
system.

Figure 2 shows the method of achieving supersaturation in a
high-temperature solution by slow cooling. The region below
the solubility curve (S; equal to the liquidus curve shown in
Fig.1) represents an unsaturated solution, that is, one that
contains less than the equilibrium concentration of solute. On
slow cooling from the temperature 77 to 7> (a—b), the
concentration of unsaturated solution is kept constant C;. The
point b represents the solubility at the temperature 7>. On further
cooling (7>— T3, b—c), the solution has no change except that
the solution is metastable. The region between solubility (S) and
supersolubility (SS) curves is metastable. At the temperature 73,
the excess solute (C;-Cy = c-d) dissolves in the flux. The degree
of supersaturation (o) is as follows,

c= (C1-Co)/ G .
When the supersaturation is broken, the solution comes to
equilibrium and crystallization is then induced. The initial stage
of crystallization in a supersaturated solution is the formation of
nuclei of crystalline solid. Crystal growth is the process by
which these nuclei attain macroscopic dimensions.

Solution +
Solid

Supersolubility
Curve (SS) o

,, E"-Metastable Region
Yol s

E; Solubility Curve (S)
=R /| T
3 ? id
) : Unsaturated
Solution
- ]
I I, T,
Temperature

Fig.2 Method of achieving supersaturation in high-temperature
solution by slow cooling.

As described above, a flux permits the growth to proceed at
temperatures well below the melting point of the solute. This
reduction in temperature is the principal advantage of flux
growth. The reduction is desirable for the growth of a wide
range of materials in the following categories:

a. Materials which are incongruently melting

b. Materials which have a very high melting point

¢. Materials which undergo a phase transition

d. Materials which have a very high vapor pressure at the
melting point

e. Materials which have a very volatile constituent

Other advantages of flux growth are based on the fact that
the growing crystal is not exposed to steep temperature gradients
and that the crystal can grow free from mechanical or thermal
strain into the solution. Therefore, well-formed crystals are
grown. The disadvantages of the method are substitutional or
interstitial incorporation of flux into the crystal, inclusions of
flux or impurities, and a slow growth rate.

2.2 History*”

A flux method which could be defined scientifically began
with the growth of Na,WOj; crystals in the first half of the
nineteenth century'”. In the nineteenth century, as shown in
Table 1, approximately 120 kinds of oxide crystals were grown.
Among those, there are crystals which still attract attention as
crystals today. However, at the beginning of the twentieth
century, the Verneuil method by which large crystals could be
grown, was developed, and the frequency with which the flux
method was used decreased remarkably. In the 1950s after a
blank of approximately half a century, the functions of crystals
began to gain attention. The KF flux growth of BaTiO; butterfly
type crystals’® gathered momentum, and the flux method
regained popularity. Since that time, the advantages of the flux
method have been used effectively to grow many types of
functional crystals.

Table 1 List of the oxide crystals grown from fluxes during 19%
century (The data were mainly collected from the work?
of Elwell and Scheel).

AlBO}, Ale}, AleiO5, BaO, BaSO4, BaSeO4, B6A1204,
Be3AIQSi6013, BeNaPO4, BGO, BezsiO4, BizO3, CaAbSizOs,
C%leles-N&AlSleg (SS), C33A125i3012, CaFeSi206,
CaIZO(,, CaMgSizOé, CaMoO4, (Ca,Na)z(Al,Mg)[(Sl,A1)207],
CaszZO(,F, CaO, Cas(PO4)3(F,C1) . CaSO4, CaSeO4, CaSi03,
Cax(Ta,Fe),0s, CaTiOs, CaTiSiOs, CaWO,, CdO, CePOs,
CCOQ, C0304, COQSiO4, COO, CI'QO}, CuWO4, FGCI'204,
(Fe,Mn)WO4, (FG,MII)NbQO@, FGQO}, FG304, Fezsi04, FeTi03,
FeWO,, KAISiOs, KAISOs, KAISi3Os, KALSi300F,
KFCSi}Og, KMg3AlSi3010F2, K(Mg,Fe)3AISi3010F2, LlAlSlO4,
LiAlSi4010, MgA1204, Mg;B7013CL MgCr204, (Mg,Fe)ZSiO4,
MgO, Mg2P04F, MgSlO3, MgTiO3, M113A128i3012, MIICI‘204,
(Mn,Fe)WO4, MIIO, Mn304, MllSiO}, Ml’leiO4, NIIIWO4,
MOOQ, NaAlSi30g, Na3;ALSi3012° CaSO4, Na3;Al;Si3012° NaCl,
Na6A16024 * Na2804, NaNbO3, (Na,K)AlSIO4, NaxW03,
Nb205, NIO, NizSiO4, Pbs(ASO4)3Cl, PbCI‘O4, PbMOO4, PbO
(Pb304, PbO,) , Pbs(PO4);Cl, PbSO4, PbSeOs, Pbs(VO,);Cl,
PbWO,, SiO; (Quartz), SiO (Tridymite), SiO; (Cristobalite),
SiPzO7, SnOQ, SDP207, SI’O, SI‘SO4, SI‘SGO4, T3205, ThOz,
ThP,O;, TiO, (Rutile), TiO, (Anatase), TiO, (Brookite),
TiP207, UOz, W03, YPO4 . ZIIA1204, ZIICI'204, ZIlFCzO4,
ZnO, ZnSeO4, ZnSiO;, ansiO4, ZI'Oz, ZrP207, ZI‘SIO4
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2.3 Choice of Flux

Suitable and unsuitable combinations of crystal-flux systems
determine whether crystals will develop or not. Choosing an
appropriate flux will grow high quality crystals. In crystal
growth experiments using the flux method, the flux choice is the
most basic and important.

In flux growth, the process from dissolution to
crystallization must be carried out. From the solubility point, a
good flux should be chemically similar regarding the type of
bonding to the solute. On the other hand, crystal-chemical
differences should exist in order to prevent solid solubility
between the solute and flux. For flux, it is required that there are
some similarities and differences with the solute. Utilizing our
knowledge of chemical properties, if we research the
relationship between the crystals and fluxes, chances of
choosing an appropriate flux are greater.

The choice of flux is difficult because very little work has
been done to date concerning the solubility of the solute in flux
at high temperatures. There are no established rules in the flux
choice. Generally, we make choices considering past growth
examples, and past trial and error. Chapter 10 in reference 1 is
particularly useful. If a phase diagram of the crystal to flux is
available, it provides valuable information for flux choice, and
even decides the mixture composition and temperature
conditions. If there are no previous examples or phase diagrams,
choices are often made based on past growth examples of
compound crystals similar to the intended crystals, and through
a process of trial and error. On the other hand, a guide to the
choice of suitable fluxes based on chemical knowledge has been
proposed**?), The guiding principle can also be used in the
evaluation of flux choices dependent on experience.

2.4 Experimental

In flux growth experiments of oxide crystals, it is not
necessary to control the atmosphere of the growing crystals. By
keeping environmental impact to an absolute minimum, the aim
is to grow high quality crystals safely. The workshop or
laboratory should be kept in order, and attention must be paid to
ventilation. Care must also be taken to avoid electric shock. Care
must also be taken with the reagent used as a solute or flux, and
must be used correctly. Wherever possible, a non-toxic, easy to
handle reagent should be used. Extreme caution should be
exercised when the reagent is hazardous or toxic.

An electric furnace is required for flux growth experiments.
To operate an electric furnace, an attached temperature
controller is convenient. Platinum crucibles are standard vessels
for holding high-temperature solutions. The Pt crucible is placed
in a larger porcelain crucible, and by placing alumina powder in
the space between the two, it is possible to avoid breakage or
damage of the Pt crucible. Even if the high-temperature solution
leaks, the alumina powder will absorb it, keeping contamination
of the electric furnace to a minimum.

In flux growth experiments, reagent-grade chemicals are
used. The mixture (solute + flux) is put into the Pt crucible, and
then the crucible is placed into the electric furnace. The furnace
is heated to a temperature (usually between 900 and 1300°C),
and then held at that temperature for a fixed time.
Supersaturation can be obtained by (A) slow cooling, (B) flux
evaporation, or (C) temperature gradient techniques.

(A) Slow cooling technique:

This is the most frequently used technique. The high-

temperature solution which has been held at a high temperature

is cooled at a rate of 1-10°C/h. After that, the electric furnace is
turned off, and the solution is cooled. The solidified flux is
dissolved in warm water, acid, or alkali. Crystals grown are
obtained.

(B) Flux evaporation technique:

The flux is slowly evaporated from the high-temperature
solution held at a controlled temperature. The crystal products
are separated from the flux by dissolving flux in a similar
manner as above.

(C) The temperature gradient technique:

A temperature difference is induced on the high-temperature
solution. The nutrient is placed in the high temperature part, and
seed crystals attached to Pt wire are placed in the low-
temperature part. The temperature difference is held for a long
period of time. The nutrient dissolved at a high temperature is
transferred into the low temperature part by diffusion or heat
convection, and grows over the seed crystals. The crystals which
have grown are lifted out from the solution.

3. NEW DEVELOPMENTS IN FLUX METHOD

Oxide crystals for industrial use are often desired in thin film
form. High quality thin film crystal is sought in various fields.
The author et al. developed a new method of thin film crystal
growth which applied the flux method skillfully'®. That
technique provides many ingenious methods in the supply of
solutes??? and the pursuit of low temperature flux.

(A) Solute supply from the crucible (for example, ruby
A1,05:Cr crystals) 22

The solute feeder does not depend on the reagent. A1,0;
dissolved in MoO:; flux from alumina polycrystalline crucible is
used as a solute. The high temperature solution is made to
crystallize ruby crystals directly on the substrate (crucible wall).
The surface of the alumina polycrystalline crucible which is the
solute supply source, is coated with ruby crystal aggregates.
Figure 3 shows an example of a thin film composed of small
ruby crystal aggregates coating an alumina crucible. If an
alumina polycrystalline substance can be immersed in an MoOs
high temperature solution, regardless of its form, it can be coated.

Fig.3 Photograph showing the alumina crucible covered with
ruby thin film.

(B) Solute supply from metals (for example, NaTaO;
crystals) 2

A chemical reaction between the metal and flux occurs, and

the metal is used as a part of the solute. An NaNOs aqueous

solution is placed on a sodium tantalum substrate, heated and
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cooled. At this point, the tantalum causes a chemical reaction
and begins to dissolve, and minute NaTaO; crystals grow on the
substrate, forming a thin film. The tantalum plays a role in a part
of the solute and the substrate. In this case, a part of the flux is
also incorporated as the solute.

(C) Solute supply from pastes (for example, hydroxyapatite
Cas(OH)(POy); crystals)®

Since hydroxyapatite [Cas(OH)(POs);] is dehydrated by

heating to a high temperature, crystal growth is difficult. The
KNOs-LiNO; system with its extremely low eutectic
temperature (approximately 125 C ) was chosen as flux.
Ca(NOs3), * 4H,0, (NH4):,HPO4 and KOH were used as solute.
Water was added to a mixture of solute and flux to make a paste,
and this was applied to titanium substrates. This was then heated
to 300 C, and cooled. Extremely long whiskers of
hydroxyapatite grew directly on the Ti substrates. The thin film
was composed of whiskers grown on the Ti surface.

4. EXAMPLES OF FLUX-GROWN CRYSTALS

Flux growth is a method by which oxide crystals may be
obtained with less sophisticated equipment. A flux permits the
growth to proceed at temperatures well below the melting point
of the solute. A reduction in the temperature is desirable for the
growth of a wide range of oxide crystals. Another advantage of
flux growth is that the well-formed crystals are grown.

The author et al. successfully grew more than 100 kinds of
oxide crystals over a period of about 45 years. Typical examples
are shown in Table 2. Obviously, a wide range of crystals were
grown utilizing the advantage of flux method. Oxide crystals
such as simple oxides, double oxides, borates, manganates,
molybdates, niobates, phosphates, silicates, tantalates, titanates,
tungstates, and so on were grown. Ruby (Al,O3:Cr) and emerald
(BesALSisO15:Cr) crystals known as beautiful and attractive
gemstones were grown from MoOs-based fluxes.

Several examples of crystals grown from various fluxes are
shown in Figs.4-10. Figure 4 shows the perovskite (CaTiOs)
crystal grown from KF flux. The basic form was a hexahedron
bounded by well-developed faces. The color of the crystals was
light blue or brown. Colorless to pale brownish CaNb,Os
crystals grown from Na,Mo,0O; flux are shown in Fig.5. The
basic form of grown crystals was a hexagonal plate. Figure 6
shows the K,Ti4O9 whiskers (needle-like crystals) grown from

Table 2 Typical examples of the oxide crystals grown by the

author ef al..
A1203, A1203 ZCI‘, A1203 ZNi, B215C1(P 04)3, BaWO4,
Be3A128i60 1 gZCI‘, C8.2C1PO4, C8.5C1(P 04)3, CasF(PO4)3,

CaKPO4, Cas(OH)(PO4)3, CaM004, CaM004:Nd, CaNb206,
CaTiO;, CaWO4, EI'A13(BO3)4, FezTi05, GnguO7, GsziOs,
HoTinOzs, KAISi:0s, KNbsOs, KoTisOs, KaNbsO17,
KNd(WOy),, K;TigO13, KTiNbOs, KTisNbOy, La,TiOs,
LazTi207, LaTiOzN, LiCasz301(), LiCOOz, LiG302,
LiGasog, Li5L3.3Nb2012, LiMl’l204, LiNbO3, LiNd(WO4)2,
Li4Ti5012, MgGB.204, MgNstOl(), MgWO4, MOOz, MOO},
Mng206, Na2Ca2Nb4013, NaGd(MoO4)2, NaGd81O4,
NaGd(WO4)2, NaLa(MoO4)2, NaLa(WO4)2,
Na(La,Nd)(W 04)2, NaNbO;, NaNd(MoO4)2, NaNd(WO4)2,
NaTaO;, NaTa03:La, NagTa4011, NazTi307, NaQTi(sO]},
Na,WOs, NagpsWO;, Na,Wi0i3, NbOs, NdAL(BO3)s,
NiWO4, PbMOO4, Rb3T3.5014, SI‘5C1(PO4)3, SrSnO3,
SrzTa207, SrTaOzN, SI'TiO}, YF1.x01+2xZEI', Yba)04)3ZEI',
Zn0, ZnWO4

Fig4 Photograph showing CaTiOs crystal grown from KF flux.

Fig.5 Photograph showing CaNb2Os crystals grown from
Na:Mo207 flux.

Fig.6 SEM photograph showing KoTi4O9 whiskers grown from
KCl flux.

KCI flux. The crystals were colorless and transparent. Figure 7
shows the SrTiOs crystals grown from SrCl, crystals. The
crystal shape was cube-like. The crystals were yellowish and
transparent. Figure 8 shows the Na,Ca;NbsO13 crystals grown
from Na,SOj flux. The form of grown crystals was a rectangular
thin plate. The obtained crystals were colorless and transparent.
Figure 9 shows the NaTaO; crystals grown from NaCl flux. The
form of grown crystals was a cube with well-developed smooth
faces and rounded comers. The crystals were colorless and
transparent. Figure 10 shows the KNb;Os crystals grown from
KCl flux. The form of crystals was prism- like or plate-like. The
grown crystals were colorless and transparent.
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Fig.7 SEM photograph showing SrTiOs crystals grown from
SrCL flux.

Fig.8 SEM photograph showing Na2CaxNb4O13 crystals grown
from NaxSOx4 flux.

Fig.9 SEM photograph showing NaTaOs crystals grown from
NaCl flux.

5. CONCLUSIONS

The flux method is a crystal growth technique that has been
used for a considerable time, in which crystal growth occurs at a
far lower temperature than melting point of crystal. The crystals
grown are bounded by well-developed flat faces. The equipment
used in flux growth is simple and easy-to-use. Many kinds of
highly functional oxide crystals have been grown utilizing the
advantages of the flux method. Recently, thin oxide film growth
techniques have been developed utilizing modified flux method.

Fig.10 SEM photograph showing KNbsOs crystals grown
from KCl flux.

It is likely that flux method will continue to have an important
role in the field of crystal materials science.
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Study on Influence of Materials and Surface Treatment to Give

Response Characteristic of Electromagnetic Brake

Hideto TANAKA, Atsuya NAKAJIMA
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Summary In this research, we report the result of examining the difference between the pull in voltage,
the release voltage, the pull in time and the release time by material, heat treatment and plating at the yoke
portion which is the electromagnet of the non-excitation type electromagnetic brake for the motor. These are
indicative of the response of the electromagnetic brake, and it is possible to drive with a lower voltage by

grasping optimum conditions and designing, which leads to low power consumption.
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Electromagnetic Brake, Pull in Voltage, Release Voltage
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Fig.1 Structure of electromagnetic brake in the case of
Oriental Motor Co., Ltd.
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Fig.2 Appearance of the sample prepared by machining.

Table 1 The materials and chemical components [wt%o].
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(a) Measurement environment. (b) Sample and stage.
Fig.3 Summary of the measuring equipment and method

for the magnetic flux density.
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Fig4 Illustration of the measurement coordinate and

detection direction of the magnetic flux density.
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Table2 Results of measurement of pull in and release

voltage / time by JIS B 1404-2.

Table3 Results of pull in / release voltage difference in

before and after heat-treatment.

S45C S10C FM-20
Pull in Voltage[ V] 0.54 0.89 0.28
Release Voltage[ V] 0.29 0.81 0.18
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Table4 Results of pull in / release voltage difference in

before and after platting processing.

Sample  [Pull in Voltage[ V]| Release Voltage[V] [Pull in Time[ms][Release Time[ms] S45C S10C FM-20
S45C 14.27 2.82 30.0 5.0 !
Pull in Voltage[ V] 0.41 0.26 1.17
S10C 11.85 5.52 27.0 42
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Trend in Number of Applicants for Technical Seminar
- Prediction and Estimation of Final Number of Applicants -

Yukio KINOSHITA*
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Summary At stage of recruiting applicants for technical seminar, if it would be possible to estimate final
number of applicants, we can make preparations in advance, i.e. planning additional seminars or calling for
wider recruitment. In this work, we try to approximate the relationship between number of applicants and
elapsed days by analyzing past data. As a result, it becomes clear that number of applicants decreases in an

exponential manner to elapsed days, therefore estimating final number of applicants is realized.

Key Words :
Poisson Distribution
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2017 Overall Manufacturing Study

Masakazu YOKOMICHI, Kazuo NAKAJIMA, Kazuhiko YUMOTO, Hiroyuki DAIKUHARA
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Table 1 Themes of 2017 overall manufacturing study.
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Wheel.

Fig.1
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Table2 Specification of OVAL RIDE.

Motor Blushless DC motor (BLH5100) Orientalmotor
CPU Genuinol101

Powersupply | Ni-MH Battery 7.2 Vx3
Wheel ¢ 200xW350 (¢ 2002, ¢ 180%2, ¢ 130x2)

Fig2 OVAL RIDE with bumper.
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(a) With bumper. (b) Without bumper.

Fig.3 Riding position.

UL, #55 UT2RRE COMBE & A2 OmIfEN T8 Lo T,
LEAREED B DA TG & BT TIRAED D OfS-IE AR DERY
TR 208, B TOERE R DI ORI e
DDy, FEFLEAOENI2 DDy, HBINKE 272 ThH D, Fe
BOBRAWEARZ D HEDSNELEZ D,

—J, FEAR~OEFNZ L AHERE Fig3 O)IIrd &L 51T
WEBYRRETH S Z EDVah ot 7272 LEROIIRN T
7R UIR Tl A TH L5720, TEalrEa A
FICZEZ B DIFHE L Y,

PEORRZ, EEIT Y DECh o128, FAERTT
R D LU ChoT, TV DR LT, A>T
LODFOIIpoT- B2 HID,

2. 2 WEEER—ILT—L
2. 2.1 BIELEEDRLLY

BNA R MET TN D RAE THEE LD S5 — A
L L CTRWES NI O35 HEEI E L R—LTh D, B v R—
N~ D—FETHLH), O24 THIRL ClERD, @F
— HWNEOHED 5 IR T B 1D DFRER A FFD, @1 X
¥ NEECORLIEONTE 5, L) a &7 Tk
1To7,

KT ==L, B - ZEPESINRIORERITATE, THKRER
B, AR 2=T7H, B - HEEAROBAUE, IR
BEESINL, RERENY —F—%50l, Ei-HEI e
BEABDI,

2.2 2 #%E

S L IR — L OB Figd (TR & 380 b fafi

HaAEI sz —>OXEzZED, 7L A v—iden®



BOEIER « H S — 1 - GATE - RTE#HRZ

Fig4 Pinball machine (topview).

Table3 Specification of pinball machine.

Size W700 x D700 x H400 (mm)
Main PLC (MELSEC Q00UJ) | Controller for sensors
controller Mitsubishi Electric and actuators
Displa GOT (GOT1000 series) Game select, level
P2y Mitsubishi Electric select, point display
Sub Arduino UNO Sound and motor
controller control

NORBEOHTE L R—LEITH, 17257 —41E O¥
NG =D, QERIT T — LD 2FHTH D, ®i@%
REHED 7 — 5, @QIXOITHFORR AR T DA
ML — AL Th D,
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Fig.5 Playing scene.
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[ Foot mechanism]

Fig6 WALL CLIMBER (3D CAD).
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Table4 Vacuum pad and vacuum generator.

Vacuum pad
(VPB100RNO1) Size ¢ 100 x H 63 (mm)
Nihon PISCO
Operating 1 37 (\pa)

Vacuum pressure range
generator .

(VYE05-666) Ultimate vacuum | 90 (kPa)

Nihon PISCO Air consumption | 8 (L/min)

Air cylinder
(transfer)

Vacuum pad

0.
%

Air cylinder
(expansion)

Fig.7 Foot mechanism (3D CAD).

L.
S E

Fig.8 Image of transfer.

Table5 Specification of WALL CLIMBER.

Size W660 x D600 x H430 (mm)
Weight 14.7 kg)
CPU Arduino

Controller Wireless type (Bluetooth)
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Fig9 WALL CLIMBER.
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Report on Making “Automatic Grass Pic Machine”

Takashi CHIBA

LEZMNE

24F & O AR ORI HANE 2 BT 5 HRUTRR
SESIUVIEARR DR, 1 HROBEETH D, iUt
BHNDF— L T—2DPNED IZIY AT IEEN T, F—24
BT - AEPERRL & A - IHEHANRL & OIRRCCH D,
R LZ40ATHSR, TOMIZA v E—r vy
& LTl 2 IEER IR 7o, BHEDIZOD AT Y
2 —/VEBRIFHIA b EHE L 70 D,

Bt D 24 H b FAERRNMER Lo T —~ D, #HE
TEERL, RS LI=F—20T7—< [HieL Y aR
v ] Thol,

AT, HEICED LV EZTDHEWITAT 4T 5E
BT DIZE ST, FAEORY MLORERERTT D, 70k,
ZOT— B AT, B - APERATR oL
A, HEEROER, AMRAE, X - iR O R
EER, MTAMEE T, REEIHTER, V¥ —%H
HE D HDT=,

2. BU L YBEOER

ABIDOT—<1%, BN T3 Eie LY 23 55EET
BD, FAY ThiIuE, NEERRS W7 0 T S
720 &, EEOEXFERAT I RO A BB TE D,
T, Hie L FAOBERRER I TGRS &
ZANBIRDT,

milkOETe LY FIRIL, #EERObHREEZ 22T TR s
WITIRT, EOFERINZE LARRIL T & b &
74— RONAEZERIHNE LIAATHE R S ORKE
Thotz, bk, AOFTHWAEERLTTRL, &

ZHE 20184510 H 12 H
B 2018411 H 20 H

* R TR BB - HIEdAY,
P FEA
Department of Electricity and Control Engineering,
Nagano Prefecture Nanshin Institute of Technology,
8304-190 Minamiminowa, Nagano 399-4511, Japan

—-21 -

FROmE L LTHERbSTEY, ARIOBIF CIXA]
FOEHEREBBITHI L L LT,

s & FAEICIE, EE RV VHE Y hoEiED
P b d D, PRy ZHmEIcZeEfiL, EH) KU L& ElR
SHTHIEESAMATH D, HiEIIAF DS ThEEH
T —HAEIOEBIIEEICIEEAIT) L A HIELTB
D, K&EI& LTI S22 S00mmiEEDH
Al & 2 QU ow, ERICK > CREEH 2 EiT
REETH 5,

FIT, MIOL Dy EROITAO RI VL L, Al
DI LT, MEICASICEERIT Z E3FTREL 72 D,
Z LT RUDSHIEIZHI & > 7RRE T, BRI =55y
BREEHASERBOFEH T LT, HEENLRET
EHRTEHELS ZENAHEE B X, RUMIARISAL L
72
2. 1 BT LYHEEOEREREME

B L EWETIE, o ge & 9B & Hhifi 55| &
W<BET, BT 30 nRR 5, ENENEROE—
2 CEEIT 5856, WENEMEL D, £ T—o0DF—
Z T OOEWEEFEHRL K 9 LB 2T,

FEDEOIL, VoA 0Ty FeFERALE, Zihuds
T MERE LR U E 2 F5D, PNl & S & OB s
M—HFIET LR DELTH D, Hie LV s L BB
LEUL YAV T FTHEETHIET, SIEHk<ERE
DHENJEARZ D Z LN FREL 70D, FTo, BiEhh & HEEk
AKO RY VL Z TN NRETH2 LT, Vov=x
A7 T FICEIMBEE LW e CHRE UL, KU
NVDHEHR L CHIFIZE G2 L3 ATRE L 72 D,
Fig.11Z, BYEL-ETe L W HEE 1T,

2. 2 BEULYBBEOLETEME

Bge LY B A - 222 X[ LT B 5 E k< T2l
FTERVE L 72D, TEAHIETEEERICT B0,
[BZENEOBREN )% BN S VD L LT,

Fig 2 [ZRGHRFDET /L EBYEL =R v 7 AR, £
—H LT L S TOMIZY 4 —AF Y 2D 17



One-way clutch

<« Boring drill

Fig.1
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Worm wheel

Tool for pulling out grass.

Worm gear

Pinion gear

—
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Fig2 Upand down mechanism.
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Table 1 Equipment for image processing.

Controller Raspberry Pi 3 Model B

Processing 3

Buffalo
BWC-130MHO03A/SV

Programming language

Camera
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(b) Post-processing image

(a) Pre-processing image

Fig.3 Image processing.
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Fig4 Drivetrain with aluminum frame.
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Fig.5 Appearance of the machine.
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Manufacturing Challenge of e-Power Assist Wheelchair
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Fig.1 Structure of e-power assist wheelchair.
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Table 1  Action and command.

Action Command Parameter
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Motor turn m 255~255
Accelerator operation a -100~100
Handle operation h -100~100
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Table 2  Setting of the serial communication.

Parameter Setting
Baud rate 115,200
Parity none
Stop bit 1
Byte size 8
Flow control none
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Table 1 ~ Curriculum of control engineering lecture.

Agenda Contents Expt. and Practical training
15t year *Mathematical model - Water heating expt.
The third term (Differential equation) = Starting current char. of DC motor

- Introduction - *Laplace transform - Simulation(Euler method
(Oct. - Dec.) *Transfer function
*Block diagram
1%t year *Response char. - Starting current char. of DC motor
The fourthterm | (15t and 2" order system) -Simulation(Euler method
- Basics - +Stability and poles
(Dec.— Feb.)
2" year *PID control - Calculation

The fifth term *Frequency char.

- Theory of PID (Bode diagram)

control - *Nyquist stability criterion
(Apr. —June) * Loop shaping

(Frequency transfer function in
complex domain)

*Simulation

(Euler method, 4™ order Runge-
Kutta method)

2" year *Expt. and practical training *Temperature control experiment
The sixth term to learn PID control -Water level control experiment
- Practice of PID *PID control practice using PLC
control - =AC servo control expt.

(June — Sept.) (flywheel lacd)

*AC servo control expt.

(single axis control)
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Fig.1 The illustration of water heating experiment.
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Table2 The parameter of using for the calculation.

Power consumption of the pe [W] 500
heater

Quantity of the water V [nv] 2x 107
Density of water p [kg/m?] 1000
Specific heat of water ¢ [Jkg K] 4200
Radiation area A [m?) 0.0942
Heat transfer coefficient h [Wm?-K] 13
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Fig.2 Water temperature characteristics.
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Fig.3 The circuit diagram for measuring the starting
current of DC motor.

Table3  Specification of the measuring circuit.

Inductance L [H] 3.8x10+
Resistance R[Q] 3.2
Back-emf constant Ky [V-s/rad] 1.4x103
Torque constant K. [N-m/A] 1.4 %1073
Rotor inertia J, [kg-m?] 1.3x107
Viscous friction constant B [N-m-s/rad] 1.0x 107
Coulomb friction torque T; [N-m] 6.0x 107
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Fig4 The block diagram of a DC motor.
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Fig.5 Input-voltage waveform.
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Fig.6 Starting current waveform.
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