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Multilink RSSI Measurement for Wireless BAN

using ZigBee Devices

Student Number: 05B25458 Name: Takashi Yamazaki Supervisor: Jun-ichi Takada

1 Background

Nowadays, body area networks (BAN), which are short
range networks on or near human body, is catching great
attention. To date, BAN technologies have been applied
for specific objectives such as military, medical purposes,
but it is said that BAN will become more popular tech-
nology in various applications. In particular, it is ex-
pected that BAN is utilized in medical or healthcare
purposes. BAN is expected to be applicable for Medi-
cal Information and Communication Technology (MICT)
using networks comprised of implanted devices or sensor
devices on body surfaces.

We have to take into account the effects of radiation
to a human body during radio communication. Devices
must communicate under restrictions such as SAR (spe-
cific absorption rate) and EMC (electro magnetic com-
patibility) regarding radio power. Thus, it is difficult to
make communication reliable in BAN. Developing reli-
able communication systems with low radiation power is
great challenge.

In previous studies, variation of radio propagation
channels have been measured and BAN channel models
have been developed. However, measurement scenarios
were limited because the conventional measurement sys-
tem was connected to the antennas with cables. The
lengths of coaxial cables limited activity range, and in
some cases, tensions of cables causes the positions of an-
tennas to move. Also, the number of ports of instrument
equipments is limited, so it was difficult to measure the
properties with multiple sensor nodes.

2 Objectives

Cooperative transmission systems have been proposed as
reliable transmission systems with samll radiation power
[1]. To construct this system, we should be carefully in-
vestigated the characteristics of BAN multilink channels.

This research aims at constructing a wireless multilink
system, to measure the variation of BAN channels using
ZigBee devices (Fig.1). Using this system variation of
BAN multilink channels due to the body motion can be
investigated

ZigBee is a short range radio communication protocol
and it has significant features of low power consumption
and flexible network topology.

Figure 1: Crossbow IRIS Mote

3 Multilink RSSI measurement
system

In this research the measurement system is composed of
10 ZigBee devices, one transmitter and nine receivers.
Transmitter sends a message packet which contains the
packet ID with a 12 second interval. When receiver de-
vices detect a message packet, they record the receive
signal strength indicator (RSSI) value and the packet
number.

4 Experiments and Results
In the experiments, the channel responses were taken
in two scenarios, “walking” and “running”. One trans-
mitter node and nine receiver nodes were fixed on body
surface (Fig.2) and the transmitted signal was recorded
periodically at every receiver node simultaneously during
walking or running in the hallway.
Figure.3 shows the measurement result of path gain

variations in walking scenario at wrist, shoulder and
waist. The proposed measurement system is applicable
in the wider range of scenarios than the cable-connected
system. These results are useful in the development
of BAN channel models and evaluation of cooperative
transmission techniques.

5 Conclusions
In this research, a channel measurement system using
ZigBee devices has been proposed to realize the cable-free
dynamic BAN multilink channel measurement. Some
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Table 1: Correlation coefficient in walking scenario

Node Wrist Upper arm Shoulder Chest Waist Thin Ankle Ear Back

Wrist 1
Arm 0.31 1

Shoulder 0.054 0.172 1
Chest -0.058 -0.032 0.152 1
Waist 0.054 0.07 0.124 0.162 1
Thin 0.162 0.244 0.062 -0.042 0.184 1
Ankle 0.008 -0.062 0.014 -0.064 -0.072 0.044 1
Ear 0.064 0.118 0.116 -0.044 0.128 0.106 0.072 1
Back 0.08 0.102 0.172 0.114 0.026 0.028 -0.016 0.054 1

Figure 2: Positions of sensor devices

BAN multilink measurements are conducted, and the
correlation properties of the channels are obtained.
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Recognition of mumerical value of electric emergy meter on Android devices

Student Number：０７－０４４６８　Yan Wansheng　 Supervisor：Yukihiko Yamasita

1 Introduction

Human beings have been using a huge amount of
energy such as oil and natural gas. Fossil fuel took
about 200 million years to be accumulated by the en-
ergy of the sun. It will be spent in next 100 years or
200 years. Especially oil is said to be depleted in 40
years. Natural gas is said to be depleted in 60 years.
Furthermore, greenhouse gas emission from fossil fuel
use causes global warming. If greenhouse gas still con-
tinues to increase, averaged global temperature will rise
from 2.4 to 6.4 ◦C in 100 years, and sea level will rise
from 9 to 88cm. It casues various problems. Therefore,
we have to reduce the use of fossil fuels. Natural energy
such as solar power (renewable energy) is important to
solve the proplem.
To make solar power a stable source of energy in

a region, not only to install solar panels but also to
maintain a stable power over time is important. Then
it is necessary to determine whether the generator has
been normal. Kakegawa where people have installed so-
lar panels, is developing a self-diagnosis photovoltanic
power generation system, and aims to create a solar
network in the region. This self-diagnostic system mea-
sures the amount of solar radiation on equipment in-
stalled at City Hall and other representative points,
and the amount of electricity generated by photovoltaic
systems is estimated from the data. We can see it on
web, and know the amount of power generated in the
past period.
If we want to use this system, we must start a PC,

record the number of a electric energy meter installed
outside the house, and input the number into the PC.
It is time consuming. If we can input the number more
easily, the number of users of the system will increase,
and the system will be more effective. This is the reason
why I develop a system to input the value easily.

2 Recognition of number of electric
energy meter on Android devices

Android devices are suitable for the purpose since they
are very populer now. Smartphone shipments have al-
ready exceeded PC shipments.
The process of energy meter recognition by Android

devices consists of image acquisition, preprocessing,
and classification.

2.1 Image acquisition and preprocessing

Process of image acquisition and preprocessing is as
follows.

1. Take a picture of the electric energy meter. (Figure
1)

Figure 1: Photos of energy meters

2. Cut out the numeric rengion of the image. (Figure
2) .

Figure 2: Part of the number

3. Obtain the threshold for binarization by Otsu’s
method .

4. Binarize the image by it. (Figure 3)

Figure 3: Binarized image

5. Label the objects in the image, and extract number
objects.

6. Normalize an extracted number object to 16× 16-
pixels image. (Figure 4) .

1
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Figure 4: Extracted number

2.2 Classfification

k-nearest neighbor classifier is used to discriminate
the number. I explain this method. First we retrieve
the k training samples in the proximity of the input
pattern x from training sample set. That is, calculate
the distance between the input pattern x and train-
ing samples, retrieving the k nearest training samples.
Count the number of training samples belonging to each
category. Classify the input pattern x to the category
which have the most training samples among the ex-
tracted k training samples. The input pattern x is a
256-dimensional vector.

x =
[
x1 x2 ........ x256

]
....................... (1)

Let xij be the j-th training sample of the i-th class.
The distance Dij between xij and x is given by

Dij =
√
(xij1 − x1)2 + ....+ (xij256−x256)

2.... (2)

The number of the extracted k nearest training sam-
ples belonging to category i is denoded by Ki. x is
classified into the category with the largest Ki.

3 Experiment

I took pictures of energy meters by an Android device,
performed pretreatment, and classified to 10 classes
from 0 to 9 by hand. They make up the training sam-
pleset. Training data consist of 200 16 × 16-pixels im-
ages. 23 photos are taken by Android decice and rec-
ognized for test. 19 photos were correctly recognized.
Then accurate recognition rate is 82.6%.
Figures 5 and 6 are the results of the same power me-

ter, but photographs are taken from different angles.
Figure 6 is a result of misclassification. To resolve this
problem, we have to increase training samples, or the
angle have to be set carefully when taking a photo. Fig-
ure 8 is a result of misclassification because of reflection
of light by the glass on the energy meter.

4 Conclusion

I proposed a system to recognize the number of electric
energy meter. I conducted experiments to show it’s
perfomance. If the photo is taken clearly, the system

Figure 5: Accurate
identification

Figure 6: Incorrect
identification１

Figure 7: Incorrect identification２

can recognized the number correctly. For future work,
we have to derelop a system for noisy image.
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Fig. 3 The courses of the concentrations of glucose, 
ethanol, and glycerol during the fermentation of 
sea lettuce hydrolysate prepared by successive 
saccharification. Error bars for the concentrations 
of glucose, ethanol, and glycerol indicate a 95% 
confidence interval for the averaged values (n = 3).

Fig. 4 The courses of the concentrations of glucose, 
ethanol, and glycerol during the fermentation of 
chigaiso hydrolysate prepared by successive 
saccharification. Error bars for the concentrations 
of glucose, ethanol, and glycerol indicate a 95% 
confidence interval for the averaged values (n = 3).
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Experimental study on grip-release mechanism

of slanted multi-beam structure with Ti-Ni super elastic wire

Student number:04B04186 name: Kazuhito EMURA supervisor: Kunio TAKAHASHI

February 17, 2012

1. Introduction
Geckos can quickly move on wall and ceiling against gravity. It has 

been said the ability depends on a lot of hairs with two level 
nano-scaled structure on their foot surface, called seta-spatula [1]. By
this structure, it is possible to absorb surface roughness and to grip
various surfaces by Van der Waals force [2][3]. Large gripping force 
causes difficulty in the release of surfaces. The geckos use tangential 
force to control the gripping force. It is suggested that the beam and the 
contact plane are required to mimic the function of the gecko fingers 
[4]. The effect of the beam curvature on the gripping force is 
investigated using the beam theory and the experiments with a single 
beam structure [5][6]. A prototype multi-beam structure is
demonstrated by Wang [7]. However, the beams are vertical and too 
hard to absorb the surface roughness.
In the present study, a multi-beam structure with soft and slanted 

beams is made using Ni-Ti wire, the gripping function is investigated, 
and discussed with the beam theory.
2. Mechanism to control grip and release
It is assumed that all beams are equal to each other and the dynamics 

of multi-beam structure are equivalent to superposition of one of single 
beam and the criterion of adhesion crack is whether maximum normal 
stress is larger than critical stress.
Assume that top of elastic beam contacts with flat rigid surface,

applying normal force to the structure cause stress distribution at 
contact area as shown Fig.1. If tangential force is applied with ,
the maximum stress decreases and the structure can grip the surface.
In this way, the beam structure can control grip and release. .

Fig 1 Grip and release mechanism
Correlation between and about gripping area is expressed as 

Fig.2.[8] In Fig.2, is length, is diameter and is slant of beam. 
is area and Z is the section modulus of contact surface. F means 

resultant of and and is angle between vertical and resultant.

 
Fig 2 Correlation between and  

3. Making Prototype and Measurement of gripping area
3.1 Large adhesion force by absorbing surface roughness

Wide real contact area cause large adhesion force. If contact surface 
has a roughness, contact area and adhesion force will be declined. But 
beam structure enables to absorb surface roughness by deformation as 
shown Fig.3 and gets wide real contact area. Deformation causes
internal stress that disturbs adhesion force. So the structure is made up 
of slanted and soft beams that is easy to absorb surface roughness and
generates large adhesion force.

Fig 3 Absorb surface roughness 
3.2 Process of making
Based on theory of multi-beam structure considered above, prototype 

was made as slanted and soft beams. Beams were made of nitinol wire 
that had super elasticity for repeatedly use. 
The following illustration as shown Fig 4 is process of making.
1. Line the wires at equal space and put them between cupper and 

tin sheet and fix them by pressure welding.
2. Polish the tops of them and make same plane 

 
Fig 4 Process of making 

3.3 Method of measurement of gripping area
Fig.5 shows schematic illustration of experiment system. Because 

balance can measure vertical force, adhesion force was measured as F
by vertical displacement in condition that structure contacted tilting 
table. Experiment was carried out as following condition in Table.1 and
following process.
Number of beam
Angle of beam to surface 
Length of beam 
Diameter of beam
Thickness of sheet
Angle of tilting table 
Speed of displacement
Resolution of displacement
Resolution of balance 1mgf

Table.1 Condition of experiment 
Urethane sheet 0.5mm thick as adhesives was pasted on tilting table.

Parallel between tops of beams and contact surface was judged by 
visual observation through microscope. 

Vertical 1 displacement away from the tilting table at contact 
point and 9 seconds wait were repeatedly applied to the structure at 
contact point. Contact point was defined as the point when measured 
value of valance was changed obviously by displacement approaching 
to tilting table.
The value was declined by drawing up. Change of the value was 

regarded as force that structure generated to contact surface. And the 
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point of the maximum absolute value was regarded as the detachment 
point.

Fig .5 System of experiment
4. Consequence of Experiment
The experimental and theoretical consequences of gripping area

between and are shown in Fig 6. is the detachment point in 
experiment. Each points are calculated from measured and angle .
And dash lines are theoretical consequence calculated from each 
elements and average of . The theoretical gripping area is 
narrow as 1% of experimental consequence.

Fig.6 Gripping area between  and  

3. Discussion
As shown in Fig.6, it can be said that angle of resultant is near 45 

degree might be good to grip. For example this structure can grip 
20mgf weight applying tangential force between about 15mgf to 
about 25mgf and it can release applying tangential force under about 
15mgf or over about 25mgf. That is to say multi-beam structure can 
control grip and release by applying tangential force.
It can be said that theoretical and experimental consequence have

similar tendency that this structure may be good to grip applying in 
the direction of beam axis. Theoretical gripping area is too narrow to 
control, on the other hand experimental gripping area may be enough
to control. It is suspected that there is another criterion of adhesion 
crack. Causes that affect the criterion are;
1. Shearing force

By Mieses yield criterion, criterion of adhesion crack may be 
affected by not only normal stress but shearing stress.

2. Condition of contact

3. Thickness of urethane sheet
Angle of tilting table causes difference in displacement of 
distance between tops of beams and contact surface. It means 
that contact condition is different each time.
And Watanabe’s model is based on beam theory. Thickness of 
urethane sheet is beyond beam theory.

5. Conclusion
In this study, experiment of grip-release mechanism using multi-beam 

structure with super elastic wire was carried out. Based on this study, 
we concluded that slanted multi-beam structure is useful for control
grip and release.
The gripping area between tangential force and normal load was 

investigated the theoretical and experimental consequence. Compared 
these consequence, we conclude that another criterion of adhesion 
crack have to be proposed.
Reference
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1. Introduction 
 

Nitrogen oxides (NO, NO2 and N2O) are major
sources of atmospheric environmental problems such 
as photochemical smog, acid rain, ozone depletion and 
greenhouse effects. Furthermore, presence of nitrogen 
oxides in the atmosphere can cause problems to human 
health. Most of the NOx comes from automobiles 
(48.5%) and power plants (46.2%) using fossil fuels 
[1]. 

Nowadays, three-way catalysts (TWC) are generally 
used to reduce NOx in automobiles. This method can 
reduce NOx with high efficiency at specific air to fuel 
(A/F) ratio. However, the development of lean-burn 
engines that have higher fuel economy and cleaner 
emissions requires catalyst for NOx reduction that can 
function also at higher A/F ratio which cannot be 
achieved using TWC only. One potential method to 
reduce NOx in exhaust gas is selective catalytic 
reduction of NO using hydrocarbon as reducing agent 
(HC-SCR of NO) [2]. Previous study showed that TiO2

supported Mo catalyst was effective in SCR of NO [3]. 
Another study reported that, TiO2-ZrO2 composite used 
as support material exhibited higher catalytic activity 
towards HC-SCR of NO when compared to bare TiO2

[4].
Therefore, in this study, the catalytic activities of 

(Ti,Zr)2O4 supported Mo catalysts prepared by two 
different methods, impregnation (IM) and manual 
mixing (MM), were investigated for HC-SCR of NOx

using propene as reducing agent.
 
2. Experimental 
 

 (Ti,Zr)2O4 catalyst was prepared by 
co-precipitation method using Zr(NO3)2 2H2O (Wako) 
and [(CH3)2CHO]4Ti (Wako) as precursors with the 
same molar ratio for Ti and Zr [4]. First,
Zr(NO3)2 2H2O was dissolved in 35 ml deionized
water with continuous stirring and the pH was 
controlled by addition of HNO3 (pH=0.5-1.0). Then 
[(CH3)2CHO]4Ti was added to the solution and the pH 
was changed by addition of NH3 solution (pH=9-11). 
The resulting mixture was filtered, dried at 100 for 
8 h and calcined at 550 in air for 4 h.

In the case of IM method, (NH4)6Mo7O24.4H2O

(Wako) was dissolved in 50 ml of deionized water and 
mixed with (Ti,Zr)2O4. Then the mixture was stirred at 
room temperature for 12 h and dried at 80 for 12 h.
The catalyst prepared by IM method was designated 
Mo/(Ti,Zr)2O4.

In the MM method, Mo precursor used in IM 
method was calcined first at 400 prior to mixing 
with (Ti,Zr)2O4 prepared earlier. The mixing was 
carried out by hand using a mortar and pestle with a 
little amount of ethanol. All prepared catalysts were 
calcined at 550 in air for 4 h. Finally, the catalysts
were crushed and sieved to 0.71-1.00 mm [4]. The 
catalyst prepared by MM method was designated 
MoO3+(Ti,Zr)2O4 

The SCR activity experiments were carried out in a 
fixed-bed flow reactor. The reactant gas was composed 
of 1500 ppm NO, 10% O2, 1500 ppm C3H6 and He as a
balance gas. 0.8~1.2 g catalyst was used with a
corresponding space velocity of 13000 h-1 and a total 
gas flow rate of about 4 mL/s. The temperature was
changed stepwise from 150 to 550 .

NO and NO2 concentration were analyzed by NOx

analyzer (Shimadzu, NOA-7000). N2O, CO2 and CO 
were analyzed by gas chromatograph (GL Science,
GC-323w for N2O; GL Science, GC-390 for CO2 and 
CO). The catalysts were characterized by TG-DTA, 
XRD, N2 adsorption (Autosorb 1MP/TSU, BET 
analysis) and SEM-EDS.

 
3. Results and discussion 
 

Figure 1 shows the conversion of NO to N2 over TiO2,
ZrO2, MoO3, (Ti,Zr)2O4 catalysts. (Ti,Zr)2O4 catalyst
shows the highest activity at 450 among all the 

Fig.1.. CCatalytic activity of TiO2, ZrO2, MoO3, (Ti,Zr)2O4  for the 
rreduction of NO to N2 using C3H6 as a reductant. 
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catalysts followed by ZrO2 and TiO2 while MoO3

showed the lowest conversion to N2.
Figure 2 shows the conversion of NO to N2 over 

Mo/(Ti,Zr)2O4 catalyst by IM method with Mo loading 
levels from 0-30 wt.%. Metal loaded catalyst showed 
lower catalytic activity than unloaded (Ti,Zr)2O4

catalyst. It is possible that the addition of Mo metal on 
the (Ti,Zr)2O4 support by IM method reduced the 
exposed surface of (Ti,Zr)2O4 available for reaction 
thus reducing its catalytic activity [3]. 

Figure 3 shows the conversion of NO to N2 over 
MoO3+(Ti,Zr)2O4 catalysts by MM method with Mo
loading levels from 0-50 wt.%. Catalyst with 30% 
MoO3 showed the highest catalytic conversion at
450 followed by 10% and 20%. However, further 
increase of Mo loading to 50% showed a decrease in 

activity as compared to the bare (Ti,Zr)2O4 catalyst. 
Figure 4 shows the conversion of NO to NO2 and 

the conversion of C3H6 to CO2 using the (Ti,Zr)2O4 and 
30% MM method MoO3+(Ti,Zr)2O4 catalysts. Addition 
of 30%Mo by MM method increased the conversion of 
C3H6 to CO2 while decreasing the conversion of NO to 
NO2. This suggested that addition of Mo improved the 
selectivity of NO reduction to N2 as shown in Figure 3.

It was reported by Ch. Fountzoula et al.[3] that
addition of MoO3 to bare catalysts improves its 
mechanical strength through chemical and structural 
promoters which enlarges the temperature window of 
the SCR reaction [3]. The synergistic effects could also 
be observed in the result of this study seen between 
MoO3 and (Ti,Zr)2O4. 

 

  
4. Conclusions 
 

The catalyst prepared MM method 
MoO3+(Ti,Zr)2O4 catalyst showed catalytic activity 
towards selective catalytic reduction of NO to N2 with 
C3H6 as reducing agent. Compared to the IM method, 
catalyst prepared by MM method exhibited higher 
catalytic activity. The catalysts prepared by MM 
method showed optimum ratio of Mo addition at 30%.
It is possible that MoO3 high oxidation ability 
improved the catalytic activity of MoO3+(Ti,Zr)2O4 as
suggested by previous study.
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Fig.2.. CCatalytic activity of Mo/(Ti,Zr)2O4 IIM method catalyst for 
the reduction of NO to N22 using C33H66 as a  reductant. 

Fig.3.. CCatalytic activity of MoO3+(Ti,Zr)22O4 MMM method catalyst 
for the reduction of NO to N2 using C3H6 as a reductant. 

Fig.4.. CCatalytic activity of (Ti,Zr)2O4, 330%MoO3+(Ti,Zr)2O44,
 catalyst for the conversion of NO to NO2 and C3H6 to 

CCO2  using C33H66 as a reductant. 

10



AA study the decompositon of nitrous oxide over TiO2-CeO2 catalysts 
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1. Introduction 
 

Nitrous oxide (N2O) is one of the powerful 
greenhouse gases. Global warming potential 
per molecule of N2O is about 300 times that of 
carbon dioxide (CO2) [1]. Moreover, it is very 
stable and has a lifetime of more than 100 
years in the atmosphere. N2O is also identified 
as a contributor to the destruction of ozone 
layer in the stratosphere. Although the major 
sources of N2O are agricultural byproducts and 
biomass burning [2], the industrial sources of 
N2O such as production of adipic acid, 
combustion process and automobiles have been 
increasing [2]. Therefore, the decomposition of 
N2O at these industrial sources is important 
from the environmental point of view. 

In our laboratory, activity of the rutile 
structure titania (TiO2) for the decomposition 
of N2O had been studied, and had shown better 
activity than that of the anatase structure [3]. 
And previous study reported that the addition 
of CeO2 improved catalytic activity of Nb/TiO2 
catalysts during selective catalytic reduction of 
nitrogen oxide in the presence of hydrocarbon 
[4]. 

In this research, the decomposition of N2O 
over manually mixed TiO2-CeO2 catalysts was 
investigated. 
 
2. Experimental 
 
2.1 Catalyst preparation 

TiO2-CeO2 catalysts were prepared by 
manual mixing method. Two types of TiO2 
(Toho-1 and Toho-3, Toho Titanium Co.) and 
two types of CeO2 (JRC-CEO-1, Santoku Co. 
and JRC-CEO-2, Daiichi Kigenso Co.) were 
used. The characteristics of each TiO2 and 
CeO2 were shown in Tabel 1, 2.  

During preparation, TiO2 was mixed with 
CeO2 manually in a mortar using small 
amount of ethanol for better mixing. Then the  

  
 
 

 Table 1 Characteristics of each TiO2 

 

Table 2 Characteristics of each CeO2 
CeO2 No. Surface area 

[m2/g] 
D50 
[μm] 

Purity 
[%] 

JRC-CEO-1 156.9 21.31 99.99 

JRC-CEO-2 123.1 4.36 99.97 

 
sample was calcined for 5 hours at 600  
under air flow. 

In order to reduce the pressure drop, the 
sample was finally pelletized, crushed and 
sieved into sizes between 0.71 mm to 1.00 mm. 
 The following nomenclatures for the catalyst 
samples are used: TiO2 x-CeO2 y (a:b) where x 
and y represent each reference oxide number, 
and (a:b) means TiO2:CeO2 molar ratio. (e.g. 
TiO2 -CeO2 (1:2) means Toho-1 and JRC 
–CEO-1 were mixed under TiO2:CeO2=1:2 
molar ratio). 
 
2.2 Catalytic activity experiment 

The catalytic reaction was carried out in a 
fixed-bed flow reactor under atmospheric 
pressure. The reactant gas was prepared by 
mixing N2O, O2 and He as a balance gas. Then 
the mixed gas of 1000 ppm N2O, 0 or 10% O2 
and He was fed to the catalyst at a flow rate 
which corresponded to a space velocity of 
16000h-1.  

Gas chromatography (GC323w; GL Science 
Co., with Porapak N, Porapak Q and Molecular 
Sieve 13X column) was used to analyze N2O, 
N2 and O2. 
 
2.3 Catalyst characterization 

TiO2 No. Surface area 
[m2/g] 

Particle 
size [ m] 

Rutile 
content [%] 

Toho-1 32.8 0.42 93.3 
Toho-3 73.8 3.48 95.0 
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Characterization of catalyst was performed 
by X-ray Diffraction (MultiFlex), and Scanning 
Electron Microscope (JSM-5310LV)-Electronic 
Data Systems (JED-2140). 

 
33. Result and discussion 
 

Figure 1 shows the catalytic activity results 
of all combinations of TiO2-CeO2 at same molar 
ratio (1:1) for the decomposition of N2O to N2 
without O2. Compared to bare TiO2 (Toho-1, 3) 
which only decomposed 48% and 45% N2O at 
700 , mixing of CeO2 improved catalytic 
activity. And this result shows that 
JRC-CEO-1 improved catalytic activity better 
than JRC-CEO-2. Especially, TiO2 -CeO2

(1:1) catalyst decomposed N2O 100% at 650 .  
 

Fig. 1 The effect of mixing of CeO2 on catalytic 
activity for the decomposition of N2O to N2 without 
O2.  

 
 Figure 2 shows the catalytic activity result of 
different molar ratio of TiO2 -CeO2  for the 
decomposition of N2O to N2 without O2. The 
catalytic activity of TiO2 -CeO2 (9:1) and 
TiO2 -CeO2 (1:9) were lower than that of 
TiO2 -CeO2 (1:1). Particularly, for catalyst 
with higher molar ratio of TiO2, the catalytic 
activity decreased considerably. 
 

 
Fig. 2 The effect of molar ratio of TiO2 :CeO2  on 
catalytic activity for the decomposition of N2O to N2 
without O2. 
 
4. Conclusions 
 
 Mixing of CeO2 into TiO2 improved catalytic 
activity of bare TiO2. TiO2 -CeO2 (1:1) 
showed the best catalytic activity with the N2O 
decomposition achieving 100% at around 
650 .  
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Employment data analysis and Relationships of
employment support in Tokyo Institute of Technology

Student Number: 07-15526 Name: Akihito TAKANASHI Supervisor: Yukihiko YAMASHITA

1 Introduction

In general, the employment situation of Tokyo Institute

of Technology (Tokyo Tech) is better than that of other

average public university. However, the rate of passing

the interview for Tokyo Tech students falls because of

the deterioration of the employment situation in Japan

called the secondary employment ice age in recent years.

In addition, students have many problems. Such as the

starting time to seek job gets early, they have too much

information, and the supports for job hunting are very

different among faculties and departments.

In this paper, I clarify the current problems of job

hunting in Tokyo Tech, and propose suggestions to im-

prove employment support in Tokyo Tech. This thesis

will submit to Department of Academic Affairs where

various data are provided.

2 The current state of job hunting

In this section, we show the two axises of the current

status of job hunting, in Japan and in Tokyo Tech.

Ratio of job offers to job seekers graduated in March

2011 was 1.28. And students who had appointed job in

Feb. To the all in March 2011 is 0.774. Then, about 20

percent college students couldn’t get an offer, and grad-

uated from college.

In Tokyo Tech, 33 undergraduate students,125 master

course students, and 122 doctor course students gradu-

ated without a job offer.Until twenty years ago, a recom-

mendation from Tokyo Tech is equal to a job offer. How-

ever, recently the recommendation is equal to pass of the

first interview. With the change of human resources that

companies seek, they change the interview points from

impression to conpetency .

Characteristics of competency interview is that they

demand to submit a self-PR statement, called the entry

sheet (ES). And they judge the competency from inter-

view with his ES. The general flow of the current re-

cruitment is as follows, 1) Submission of ES and WEB

TEST, 2) Group discussion, 3) Personnel interview, 4)

Director interview, and 5)Officer interview.

3 Actual conditions of employment
support

Purpose of this paper is proposing suggestions to em-

ployment support in Department of Academic Affairs

to improve their job hunting supporting environment.

Therefore, in this section, I analyze the status of em-

ployment support in Japan and Tokyo Tech.

In general, employment support consists 1) Commu-

nity support to meet people and companies, 2) Career

plan support, and 3) Support for anti-selection. There

are several community supports to meet workers and

companies, such as society exchange meeting with the

OB, visit to OB, corporate seminars, joint seminars, and

so on. Career plan support consists of support for self-

analysis seminar, career counseling, and course way of

working. Support for selection consists of literally, ES,

WEB test measures, group discussion (GD), and inter-

view. This section introduces several typical companies

that support employment, and explain the trend of em-

ployment support.

I explain organizational structure and support in the

university, the contents of each support. And I provide

the problems of employment support in Tokyo Tech.

4 Employment performance data
analysis in Tokyo Tech

At first, I introduce analysis methods of statistics and

economics. Next, I show the result of analysis of

employment data and the current state of employment

support. Finally, I propose a strategy to conduct em-

ployment assistance of students for Academic Affairs

in Tokyo Tech. I use the GPL software called weka

for the analysis mainly. According to the weka, fea-

tures are extracted from the data. I verify the relation-

ship between the result of analysis and the problems

described in Section 3. In addition, organize new the

state from Section 2 and Section 3 using an economic

analysis of the Strength weakness Opportunity Threat

(SWOT) analysis, the Customer Competitor Company

(3C) analysis, and Political Economic Social Techno-

1
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logical (PEST) analysis, I suggest the direction of the

job hunting support for depertment of academic affairs

which they should focus on. (table.1)

5 Conclusion

In the current employment support, there are differences

in the mechanism that connects to the OB and compa-

nies by departments. It has been strongly affected to job

hunting.

I propose to construct an environment which makes

easy to seek jobs as a student in Tokyo Tech. Concretely

we have to produce seminars in Tokyo Tech not to go

to extra seminars to devote time to research, make co-

operation stronger among job hunting support offices of

departments, and among OB associations.
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A Study on the effectiveness of Ecodriving Program on Fuel Economy 

Student Number:  07_16282  Name: Ayuka Takeda  Supervisor: Yasunori Muromachi 

1.  Introduction 
In order to mitigate global warming, 

reduction in emissions of carbon dioxide is one of 

the major issues in several sectors. In Japan, 

about twenty percent of the emissions are 

produced by transport sector and about fifty 

percent of the emissions of the sector are 

generated by passenger cars. So, how to reduce 

the emissions from passenger cars is the most 

important. Ecodriving is one of the measures for 

reducing the emissions from passenger cars as 

well as trucks. Recently, the government and 

some private organizations actively promote 

ecodriving program, because the effectiveness of 

the ecodriving program has often been confirmed 

in preceding studies, and the program requires 

less investment in infrastructure development. 

However, while the preceding studies mostly 

focused on the ecodriving conducted during the 

program, the studies on the ecodriving in the 

real-world have not been conducted much. 

The objective of this study is to investigate 

the effectiveness of the ecodriving program in the 

real-world by monitoring fuel consumption before 

and after the program and by analyzing whether 

the participants of the ecodriving program 

actually practice ecodriving such as idling stop 

and gentle start in the real-word. 

 

22. Data Collection 
In order to collect fuel consumption (FC) 

data and Global Positioning System(GPS) data,  

 

I asked nineteen drivers to take the ecodriving 

training program and equipped their cars with 

the calibrate GPS and FC gadgets before and 

after the program. Both equipments collected 

instantaneous data per 0.10 second. Data 

collection process is shown in Figure 1. I collected 

the FC and GPS data that came from the three 

days of pretest or normal driving before the 

training day, and another three days of posttest or 

ecodriving after the training day. For collecting 

the driver’s trip data, each driver used his or her 

own car and route freely. 

 

 

 

 

 

 

 

 

 

Figure 1 Data Collection Process 

By indicating GPS data on GIS road 

network map and by matching the location with 

fuel consumption data, I built the dataset 

containing the information on fuel consumption 

during stopping and acceleration after the 

stopping, stopping time mostly due to intersection 

signals, and acceleration patter after the stopping 

for each driver. The data on the stopping is used 

for investigating the practice of idling stop, while 

the data on the acceleration is used for studying  
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that of gentle start. 

 

33.  The Results of the Analysis 
The result of the analysis on the 

effectiveness of the Ecodriving program is shown 

in Table 1. In term of idling stop, after the 

ecodriving program, four out of the nineteen 

drivers demonstrated reduction in fuel 

consumption significantly in the real-world. In 

term of gentle start, seven drivers indicated 

reduction in fuel consumption significantly. Most 

drivers were successful in reducing fuel 

consumption after the program, however, the 

differences were not statistically significant. 

Next, I classified the drivers into the group 

with large difference, medium difference and 

small difference. Each group consists of six to 

eight drivers. Firstly, in the analysis of idling stop, 

the group with large difference tended to include 

many female drivers and the group with small 

difference tended to include many male drivers. 

In the analysis of gentle start, the tendency was 

the reverse. Therefore we believe that female 

drivers practice idling stop, while male drivers 

practice gentle start more easily.  

Second, Figure 2 shows the relationship 

between the fuel economy improvement during 

the ecodriving training program and the three 

groups. In the analysis of idling stop, the group 

with small difference indicated the largest 

improvement, while in the analysis of gentle start, 

the group of medium difference the largest. 

Therefore, the result of the ecodriving program is 

not necessarily related with the real-world 

practice of ecodriving. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Fuel Economy during the Ecodriving 

Program and that in the real-world 

 

4.  Conclusions 
In this study, I investigated the effectiveness 

of the ecodriving program in the real-world by 

monitoring fuel consumption before and after the 

program. According to the results, four out of the 

nineteen drivers practiced idling stop, while 

seven conducted gentle start. I also found that 

female drivers practiced idling stop, while male 

drivers practiced gentle start more. The 

relationship between the fuel economy during the 

ecodriving program and that in the real-world 

was not so clear. 
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Level =5(%) Idling stop Gentle-start 

Improved B,H,J,K, B,H,J,K,Q,R,S 

Worsened N,P  

Not significant C,D,E,F,G,I,L,M,O,Q,R,S,T C,D,E,F,G,I,L,M,N,O,P,T 

 Table 1 The Effectiveness of the Ecodriving Program (B-T indicate each driver’s ID) 
 

rate of fuel ec onomy
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EEffects of Temperature and Solution Type on Corrosion Behavior 
 at Acceleration Test of Paint-coated Steel Plate with Defect 

Student Number: 07-29586 Name: Kenji Wada Supervisor: Nobuaki Otsuki 

1. Introduction 
Considering economic aspects, there is high 

demand for methods of estimating life span of 
real structure. For this purpose, acceleration 
test has been taken in the past studies. 
In this study, offshore structure is focused on. 

Offshore structures consist of paint-coated steel 
material and corrosive deterioration is main 
problem. Especially, macrocell corrosion due to 
defect of paint surface causes serious problem. 
   
There are two goals in this study.  
1) To know about effects of environmental 

factors (temperature and oxygen concentration) 
on corrosion of paint-coated steel plate with 
paint defect.  
 2) To build an electrical circuit model for 
macrocell corrosion. 
 
 For goal (1), electrical values (such as current 
density, resistance, and capacitance) are used to 
estimate corrosion rate. Furthermore, for goal 
(2), an electrical circuit model is considered by 
using data from experiments. 
 
2. Experimental Procedure 
2.1. Specimens 
 To focus on macrocell corrosion, paint-coated 
steel plates with defect at the center are used. 
Two types of paintings are used, Oil Alkyd (OA, 
paint not for marine environment, red, 150μm), 
Tar epoxy (non-specific chemical substance 
type) (NTE, paint for marine environment, 
black, 150μm). A steel plate consists of six 
divided parts which are connected each other by 
lead wires (Fig. 1).  
 
 
 
 
 
 
 
 
(a) Steel plate (back)   (b) Paint coating (front) 

Fig. 1 Specimen 
2.2. Experiment Setting 
 (1) Specimens are put into electrolyte (40 , 
3% NaCl) with 4L/min air. 

 Specimens are arranged inside the container 
as shown Fig. 2. As time passes, experiments in  
solution with different temperature are taken  
as shown in Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 (2) To know the influence of oxygen, 
concentration of O2 at electrolyte (40 , 3% 
NaCl) is controlled by 3 stages. Specimens with 
OA are exposed. 
 
2.3. Measurement Setting 
 Two kinds of electrical measurement are taken 
with changing temperature and oxygen (Table 
1). It is because corrosion is chemical reaction 
involving corrosion current flow. 
 (1) AC impedance method for microcell 
corrosion current 
 (2)Macrocell corrosion current 
 
3. Result and Discussion 
(1) Influence of Temperature on Corrosion at 
Defect Point  
 Macrocell and microcell current density 
became higher at higher temperature.  

 

 
Fig. 3 NTE’s Macrocell Current Density at 

Defect Point (Immersing Temp: 40  
/ Measuring Temp: 20, 30, 40 ) 

 

 
O2 

Saturated 
High 
 O2 

Low  
O2 

40  ① ④ ⑤ 

30  ② ― ― 

20  ③ ― ― 

40 , 3% NaCl  

 AAir 4L/min 

Table 1 Measuring Setting 
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Setting 
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((2) Influence of Paint Deterioration on 
Macrocell Corrosion at Defect Point and 
Comparison (before paint peeling) 
As time passed, more current passed through 

in both of paint type. Besides, decrease of paint 
resistance happened simultaneously.  
 Comparing the both result, OA’s corrosion rate 
was much higher than NTE’s until OA’s paint 
was broken, and OA’s paint resistance was 
lower than NTE’s correspondingly.  
 

 
(a) NTE 

 
(b)OA 

Fig. 4 Macrocell Current Density  
 

(3)Distribution of Paint Deterioration  
 Inside NTE’s specimen, at ring 2, a blister and 
a strong cathodic tendency were observed. 
Comparing resistance of this part with ring 5 
which kept relatively strong coating, ring2 had 
lower resistance and was deteriorated harder 
than ring5.  
(4) Influence of Oxygen Concentration 
 As concentration got higher, corrosion rate also 
got higher, especially, about microcell corrosion. 

 
 

 (5)Comparison of Experimental Result and 
Analytical Solution 
 Fig. 6 shows the analytical model used in this 
study. From Fig. 7, model and result can match 
qualitatively. 
 

 

  
 
 
 

 
 

 
 
 

Fig. 6 Analytical Model 

 
 
 
4. Conclusion 
 (1) Macrocell and microcell current density 
became higher at higher temperature. 
 As paint deterioration progressed, more 
current passed through in both of paint type.  
 Oxygen concentration makes corrosion rate 
faster, especially, microcell corrosion. 
 (2) Model and result can match qualitatively. 
 
(Reference) 
 Committee of Structural Engineering: 
Guidelines for Evaluation of Durability and 
Load-Carrying Capacity for Steel Structures 
under Marine Environment 
 
 
 

Bessel’s equation 
  

 
, ,

 

Fig. 7 Comparison of OA’s experimental 
Result with Analytical Solution 
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A study on the operation and maintenance performance of wind power plants owned 
by public sector in Japan 

Student Number：08B06625  Name：Teppei KATATANI  Supervisor：Naoya ABE 
日本の公共部門による風力発電施設の運営・保守管理体制 

片谷 鉄平 
1．Introduction 
Wind power is one of the prominent renewable energy 
resources. In Japan, there are 1,814 wind power plants 
as of March, 2011.[1] However, there are frequent 
failures and accidents, often resulting in expensive 
maintenance cost.  

About 20% of wind power plants in Japan are 
operated by the public and third sector; the latter refers 
to the organizations invested by both public sector and 
private sector. It is said that about 60% of the plants 
owned by Japanese public sectors are in  financial 
deficits.[2] 

This study focuses on the public and the third 
sectors which own plant in Japan, especially with 
emphasis on their performance in operation and 
maintenance. 

2．Objectives 
There are three objectives in this study; they are: (1) to 
clarify a variety of information related to operating 
wind power plant in public sector, (2) to investigate the 
influence of the operation and maintenance scheme to 
the performance of the wind power plant owned by 
public sector, and (3) to investigate the influence of the 
operation and maintenance scheme to the frequency of 
failure and accidents in public sector. 

3．Data & Method of Analysis 
Table 1 shows the category of the data collected and 
their sources and details. The sources of the data are 
mainly the reports by NEDO and by Hokkaido Sangyo 
Hoan Kantoku-bu, and the questionnaire survey that 
was conducted by the author. 

Two methodologies are used for the analysis: 
survival analysis for the objective (2) and multiple 
regression analysis with dummy variables for the 
objective (3). 

Table 1：Data for analysis 
Category of data Sources & details 

Operation and maintenance 
scheme in public sector 

(Frequency of the scheduled 
maintenance, etc.) 

Questionnaire survey to 
municipalities and 3rd sectors 

operating wind power plants and 
selling electricity. 

(Sample number 67, 
Respondents 36) 

Information of failures and 
accidents 

The reports by NEDO and 
Hokkaido Sangyo Hoan Kantoku-bu

(April 2004 ~March 2011), 
and questionnaire survey 
(April 2008 ~ March 2011) 

Other information 
(Wind speed, usage period of wind 

power plant, etc.) 

NEDO’s map of wind condition 
anddatabase of wind power plants.

4．Result 
4－1．Summary of the questionnaire survey 

A questionnaire survey was conducted from Nov, 30, 
2011 to Jan, 27, 2012. 67 questionnaires were sent to 
all plant operators which are in either public or third 
sectors selling electricity generation and 37  

 
questionnaires were collected (collection rate: 55%.) 
Among the 37 respondents, 34 were municipalities 
operating 91 plants and the remaining 3 were the 
organizations in the third sectors operating 30 plants. 

Figure 1 and 2 show the parts of the summary of the 
survey.  With respect to the frequency of scheduled 
maintenance, 34 plants had it once per year while 54 
plants had it twice annually and 23 plants had ad-hoc 
basis. Distribution of capacity factor, which is the ratio 
of actual electricity generation divided by the potential 
generation and is commonly used as an indicator to 
evaluate the performance of the plants, is shown in 
Figure 2. Mean value of the capacity factors among the 
subjects was 15.4%. 

 
Figure 1(Left)：The frequency of the scheduled maintenance 

per year between April 2008 and March 2011 
Figure 2(Right)：Distribution of capacity factor 

4－2．Survival analysis 
Firstly, the difference of the survival rates of the plants 
between those operated by public sectors and 
non-public sectors in Hokkaido was examined. When 
survival rates of a certain sample group are lower than 
those of other groups, then the first group is understood 
as suffering more accidents and troubles.  

Figure 3 shows the result of the analysis, where 
wind power plants owned by public sectors indicate low 
survival rates almost consistently compared to those 
rates owned by non-public sectors. The figure implies 
that the performance of the plants owned by public 
sector is inferior to the performance of the plants 
owned by the non-public sectors. 

 
Figure 3：The result of Survival analysis of the plants in 

Hokkaido 
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Secondly, the influence of the frequency of the 
scheduled maintenance to the survival rate of the 
public sector plants was considered. Figure 4 shows the 
result and Table 2 shows some statistics of each group 
classified by the maintenance patterns. From Figure 4 
and Table 2, low survival rates of plants which had 
scheduled maintenance twice per year compared to 
others that do not depend on the frequency of scheduled 
maintenance. Some public sectors conducted it twice 
assumedly because of frequent failures. In fact, average 
annual operating time of the plants with scheduled 
maintenance twice per year group is longer than the 
times of the other two groups by almost 700 to 1,100 
hours. In addition, the capacity factor of the plants 
with scheduled maintenance twice per year group is 
higher than the values of the other two groups by 
almost 5%. 

Table 2：Some statistics of each group 
 (Through April 2008 to March 2011) 

Valuable 

Frequency of annual scheduled 
maintenance 

Once Twice Ad-hoc 
basis 

Number of wind power 
plants 34 50 23

Total number of 
failures and accidents 96 200 89

Average annual 
operating time [hours] 

6,567 
sd(2,010) 

7,237 
sd(1,292) 

6,336
sd(2,174)

Average annual 
capacity factor [%] 

12.63 
sd(4.64) 

17.05 
sd(6.49) 

12.35
sd(6.32)

※Failures and accidents happened through April 2004 to March 2011. 
※sd：standard deviation 

 
Figure 4：The result of survival analysis of the plants in public     

sector classified by the maintenance patterns 

4－3． Regression analysis 
The following regression analysis was conducted by 
least squares method where the dependent variable is 
capacity factor (number of samples = 104). 

 
 

：  
：  

：  
：  

 
：  
：  
：  
：  

where  is constant and are 
coefficients of the explanatory valuables. The option of 
using remote monitoring system and the frequency of 
scheduled maintenance are expressed as dummy 
valuables. If  it means remote monitoring 
system is not used by the plant . And if  it 
means scheduled maintenance was conducted ad-hoc 
basis year by year. 

The result of the regression analysis is the equation 
below. 

 
 

  
 

 
  The results show that capacity factor is explained by 
wind speed (positive effect), location (negative effect 
when an altitude increases), and usage period (negative 
effect). Furthermore, if an operator would conduct the 
scheduled maintenance twice per year instead of ad-hoc 
basis, the capacity factor of plants could have increased 
by 3.45%. And if an operator would introduce remote 
monitoring system, the capacity factor could have 
increased by 4.74%.  
 
5．Conclusion 
From the results of analysis above, the following 
conclusions are obtained.  
   In terms of survival rate, the performance of plants 
owned by public and third sectors is inferior to the 
performance of those owned by non-public sectors.  In 
addition, those plants with twice scheduled 
maintenance per year constantly indicate lower rates 
over time compared to those plants with once or ad-hoc 
scheduled maintenance per year.  

However, in terms of capacity factor, those plants 
which had twice scheduled maintenance show superior 
performance compared to those which had once or 
ad-hoc scheduled maintenance. 
   Thus this study found that lower survival rate does 
not necessarily mean poorer performance of capacity 
factor or annual operating time. This study also 
confirmed that the option of remote monitoring system 
influences positively on the performance of wind power 
plants. 

As an area of the further study, a cost analysis 
which focuses on the operation and maintenance 
scheme would be important to improve the 
performance of wind power plants.  
 
Reference 
[1]NEDO, database “Situation of wind power in Japan” 
[2]NHK, News (2010. Nov. 18) 

0.
00

0.
25

0.
50

0.
75

1.
00

0 500 1000 1500 2000 2500 Day

Once 

Survival rate 

Twice 

Ad-hoc basis  

20



Acid-catalyzed biodiesel production from triolein

Student Number: 08-07783     Name: Xiao HAN     Supervisor: Ryuichi EGASHIRA, Hiroaki HABAKI

1 Introduction
Fossil fuels are limited and finite, and the alternative fuel 

resources have been developed. Biodiesel is attracting an 
increasing attention and strongly recommended as an 
alternative diesel fuel because it is renewable. Biodiesel can be 
produced from renewable biological sources such as vegetable 
oils and animal fats. Especially inedible vegetable oils such as 
jatropha oils are recently becoming more attractive because of 
their environmental benefits. The main content of vegetable 
oils is triglyceride (TG) and biodiesel is produced by 
transesterification of the triglyceride. Transesterification is a 
chemical reaction by triglycerides and alcohol in the presence 
of a catalyst to form fatty acid methyl esters (FAME) and 
glycerol. The reaction consists of three consecutive reversible 
steps, such as the conversion of TG to diglyceride (DG), that of 
DG to monoglyceride (MG), and that of MG to glycerol. For 
this reaction a catalyst is usually used for improving reaction 
rate and shortening reaction time. In the ordinary 
transesterification process the alkaline catalyst, such as NaOH, 
is used and some disadvantages of this catalyst have been 
reported. The vegetable oils originally contain free fatty acid 
(FFA), causing low productivity of biodiesel and the 
saponification of the glycerides is also serious. On the other 
hand an acid catalyst, such as H2SO4, is not affected by the 
presence of FFA and does not saponify FFA and methanol can 
react to form FAME with the acid catalyst and FFA can be 
converted to FAME at the transesterification as well.
Accordingly it is considered that the pretreatment to remove 
FFA in the ordinary transesterification process can be reduced
by using acid catalyst. However the disadvantage of an acid
catalyst was reported to show a slower reaction rate than 
alkaline catalyst[4]. Therefore this dissertation aims to study 
the effects of the operational parameters on the acid-catalyzed 
biodiesel production.

2 Experimental

2.1 Feed oil
The compositions of the jatropha oil are summarized in 

Table 2.1[4]. Oleic acid is the major component in this oil and 
triolein was selected as a model feed oil in this study.

2.2 Transesterification
Figure 2.1 and Table 2.2 show the experimental apparatus 

and conditions in the transesterification. The stirring vessel was 
employed as a reactor. The specified amounts of triolein, 
methanol and H2SO4 were put in the vessel and the time to start 
the agitation was defined as the starting time of the reaction. 
Samples of 0.9ml were taken every 1 hour and then mixed with 
1ml of distilled water to stop the reaction. Then the solution 
was separated into the biodiesel and water phases. TG, DG, MG 
and FAME contents in the oil phase were determined by using 
a liquid chromatography. The experimental parameters of the 
operating temperature, methanol/feed molar ratio, and 
catalyst/feed mass ratio were changed to study the 
transesterification reaction in this system.

Biodiesel yield Y was defined by Eq.(1).

(1)
Feed

i
i M

M
Y �

 

Table 2.1 Compositions of the jatropha oil

Myrstic acid  (C14:0)
Palmitic acid (C16:0)
Stearic acid (C18:0)
Oleic acid (C18:1)
Linoleic acid (C18:2)
Free fatty acid

0.103
0.138
0.427
0.263
0.110

mass fraction
0

  

water

water

6 flat blade paddleBaffle

D

HB
d

b
C

Width of baffle: B=0.008 [m]
Height of impeller: b=0.01 [m]
Set height of impeller: C=0.0285 [m]
Diameter of reactor: D=0.057 [m]
Diameter of impeller: d=0.03 [m] 
Height of reactor: H=0.057 [m]
Volume of reactor: V=130�10-6 [m3]  

Figure 2.1 Experimental apparatus

Table 2.2 Experimental conditions
Feed
Temperature T [ ]
Methanol/oil molar ratio n MeOH /n Feed [-]
Catalyst
Catalyst/oil mass ratio M cat. /M Feed [-]
Agitating speed N [rpm]
Reaction time t [h]

H2SO4

Triolein
40, 60

12, 24, 30

600
0~10

0.01, 0.03, 0.05

 

3 Results and Discussion
3.1 Effects of experimental conditions on yield
3.1.1 Effect of temperature

Figure 3.1 shows the effects of temperature on yield of 
FAME. Y increased with the operating temperature from 40
to 60 . However Y decreased from 60 to 70 because
70 was higher than the boiling point of methanol and 
methanol should have been vaporized. Actually the volume of 
the solution in the stirring vessel was significantly reduced. 
Thus the methanol concentration could not be kept enough high 
to make Y lower.
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T [ ]

t [h]  
Figure 3.1 Effect of temperature on Yield

3.1.2 Effect of methanol/feed molar ratio
Figure 3.2 shows the effect of nMeOH/nFeed on Y. Y attained

0.205 when nMeOH/nFeed was 30. Higher molar ratio helped
FAME to increase in this measurement. However, if too much 
methanol is used, the concentration of feed will be reduced, 
which might lead to low reaction rate. Thus, a favorable value
of methanol/feed molar ratio must exist and the value should be 
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of course affected by the other parameters.
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Figure 3.2 Effect of nMeOH/nFeed on Yield

3.1.3 Effect of catalyst/feed mass ratio
Figure 3.3 shows the effect of Mcat./MFeed on FAME’s yield. 

Almost no FAME was obtained when Mcat./MFeed was 0.01. By 
increasing Mcat./MFeed from 0.01 to 0.03, the yield became much 
larger. However there was little difference in the FAME’s yield 
when Mcat./MFeed changed from 0.03 to 0.05. Thus excess 
amount of catalyst don’t lead to high yield but a lack of catalyst 
resulted in a low yield of FAME.
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Figure 3.3 Effect of Mcat./MFeed on Yield

3.2 Yield variation of TG, DG, and MG
In the results mentioned above, the effects of nMeOH/nFeed

were large and the profiles of TG, DG and MG would be 
discussed here. Figures 3.4~ 3.6 show the yield variation of TG,
DG, and MG when nMeOH/nFeed was changed. Y of TG is almost
same in all three cases. Y of TG and DG didn’t changed a lot 
when nMeOH/nFeed was changed, and Y of DG is smaller than MG. 
It should be noted that the nMeOH/nFeed could have a large 
influence on the conversion from MG to glycerol and higher 
nMeOH/nFeed should cause higher Y of FAME. 
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Figure 3.4 Yield of TG

With these considerations the experimental conditions were 
fixed as T=60 , nMeOH/nFeed=30 and Mcat./MFeed=0.05 to expect 
high Y of FAME and Y of 0.385 was obtained. It can be 
speculated that changing the reaction conditions, such as 
increasing the pressure, reaction time, agitating speed, a higher 
yield could be obtained.
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Figure 3.5 Yield of DG
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Figure 3.6 Yield of MG 

4 Conclusion
FAME can be produced by acid catalyst in a slower reaction 

rate than alkali catalyst. In the case of acid catalyst, reaction 
temperature, methanol/oil molar ratio and catalyst/oil mass 
ratio can affect the yield of FAME.

Higher Y can be obtained by using higher temperature, 
however, a temperature higher than the boiling point of 
methanol will cause low Y of FAME due to the evaporation of 
methanol. Higher molar ratio leads to higher Y effectively.
However, the concentration of feed will be reduced and might
lead to low reaction rate due to excess amount of methanol. 
Catalyst mass ratio higher than 0.03 also leads to higher Y but 
not very obviously.At last, it can be observed that nMeOH/nFeed
could have a large influence on the conversion from MG to 
glycerol.

Experiments using jatropha oils will be needed to confirm 
the result.
Nomenclature 
M = Mass [-]
n = Molar [-]
N = Agitating speed [rpm]
P = Purity of product [-]
t = Time [h]
T = Temperature [ ]
Y = Yield [-]  
<Subscript>
cat. = Catalyst
Feed = Feed
i = Component i
MeOH = Methanol  
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Crushing sound analysis of snail fossils under compressive loading using audible frequency 
measurement

Student Number: 08-08073  Name: Shuhei KITAKATA  Supervisor: Thirapong PIPATPONGSA

1 Introduction
Many failure mechanisms in brittle materials can 

produce sound waves due to the crack development 
and particle crushing. Acoustic emission (AE) has 
emerged as in-situ techniques to evaluate rock slope 
stability; however, successful results to predict slope 
failure are quite few partially because an installed 
number of AE sensors are not sufficient in the 
monitoring area. In order to increase number of 
installment by cost reduction, feasible study on an 
alternative method using audible frequency
measurement is introduced as part of warning system.

Normally, the predominant frequency of sound 
waves in soil is ranged between 0-40kHz while an
audible range is 30Hz-20kHz with best at frequencies 
between 1-5 kHz for ear’s sensitivity. In acoustics, 
decibel is commonly used to define sound pressure 
level to a reference value 20 μPa which represents 0 
dB for the quietest sound of human hearing threshold 
in air at 1 kHz. Sound loudness in air can be measured 
using a microphone and in water using hydrophone.

This research aims to carry out the crushing sound 
analysis of crushable materials under compressive 
loading using commercial microphone. Practical 
applications are planned to carry out at an overseas 
coal mine. There is a perfect site of coal mine in the 
north of Thailand where the biggest lignite in the 
Southeast Asia is deposited. Moreover, a huge bulk of 
snail fossils were found, therefore the conflict and 
constraint between energy resource development and 
geological heritage protection has been arisen. It is 
expected that a preliminary study of this technique
could be useful for alarming damage to fossils.

Fig. 1 Deposit of snail fossils at Mae Moh open-pit 
lignite mine in Northern part of Thailand

2 Site investigation
The large deposit of snail fossil aging around 12-13
million years has been discovered at Mae Moh 
open-pit lignite mine in Northern part of Thailand as 
shown in Figure 1. This snail deposit dominantly 
composes of freshwater mud snails, named Bellamya, 
and rare tiny spire snails, Bithynia. Lignite mining at 
this largest coal mine in the Southeast Asian region is 

undertaken by Electricity Generating Authority of 
Thailand (EGAT). The preserved area of snail fossil 
with layers of up to 12 meters deep in the mining area 
has been set aside; however, there is a growing 
concern about influence of mining activities in the 
vicinity area when excavating to a deeper depth.
Therefore, the detailed studies of characteristics of 
snail fossil are really required in order to preserve this 
geological heritage while developing the energy 
resources.

3 Experiments on snail fossil
The site investigation and experiments for this 

study was carried out at Mae Moh mine during 
September 13-28, 2011. The disturbed sample of the 
snail fossil, where located at latitude 18o19�07�� N and 
longitude 99o41�86�� E, was taken from a subsurface of 
a location deposited outside the preservation area.

Full body of snail fossils were collected and 
washed by water. Thirteen sets of oedometer test were 
conducted on air-dried samples loosely arranged in 
circular container with diameter 61.8 mm. A whole 
experimental program with details is given in Table 1

Table 1 Experimental program
№ Loading/unloading steps (kPa)

1 33,98,196,391,815,1630
2 33,98,196,391→196,98,33
3♪ 33,98,196,391,815,1630

4♪ 33,98,196,391,815,1630,3260→1630,815,391
,196,98,33

5 33,98,196,391,815,1630,3260→1630,815,391
,196,98,33

6♪ 33
7♪ 33,98
8♪ 33,98,196
9♪ 33,98,196,391
10♪ 33,98,196,391,815
11♪ 33,98,196,391,815,1630
12♪ 33,98,196,391,815,1630,3260
13 33,98,196,391,815,1630,3260→391,33

Note: ♪ = with crushing sound recording

Fig. 2 Specimen of snail fossil in oedometer tests

20-25m
m

10-15m
m

10-15mm
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Fig. 3 Sound recording apparatus

As shown Fig.2, oedometer tests were run while 
crushing sound of fossils was recorded with apparatus 
shown in Fig.3. Stethoscope used in this study 
(NURSE SCOPE) with tube �4.4mm×570mm helps
transmit the sound to a microphone. Link between 
tube and microphone is tightly connected to prevent 
pressure leak. Microphone used in this study (AT9903 
Audio-technica) with size �6.4mm×18mm can detect 
sound frequency between 30Hz-18kHz with 
sensitivity to sound pressure level -42dB. Four 
recording channels are linked to audio interface 
(OCTA-CAPTURE (Roland)), monitored and 
controlled by sound recording software (Cakewalk 
Production Plus Pack) thru a notebook computer.

4 Data analysis
Sound wave data in time space were filtered by 
high-pass filter (HPF) at 3kHz to remove noise as 
shown Fig. 4. Sound wave pulses with amplitude 
greater than the defined lowest level were counted
over a specific period of time as shown Fig. 5 where 
crushing sounds were detected as triangular shape 
Volume change characteristic in terms of void ratio 
versus applied vertical pressure is shown in Fig.6.
Sieve analysis is conducted with result given in Fig.7.

Fig. 4 Sound signal processing (3 second from 
loading step 3260 kPa in oedoemeter test no.12)

Fig. 5 Wave pulse of crushing sound

Fig. 6 Consolidation characteristics

Fig. 7 Grain size distribution

Fig. 8 Cumulative settlement vs cumulative 
counts of crushing sound

5 Result
As shown in Figs.6-7, a large volume change is 

observed for pressure between 196-391kPa. Also, this 
range of crushing pressure is observable by rapid 
change of cumulative counts of crushing sound. 
Moreover, the relationship between the cumulative 
counts and volume change in terms of cumulative
settlement can be confirmed as analyzed in Fig.8.

6 Conclusion
This study confirmed that audible frequency 
measurement of crushing sound of snail fossils can 
indicate the similar characteristics as observed in 
oedometer test; therefore, it could be developed to a 
warning system using microphone installed to a site.

7 References
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Fast Visual Object Categorization by Clustering

with Hamming Distance
Students Number: 08 08392 Name: Joowon Kim Supervisor: Yukihiko Yamasita

I Introduction
In recent years, the digital imaging revolution in the

World Wide Web facilitates the generation and storage

of large collections of images. These images of various

scenes include an important information. This exponential

growth of the digital image data has created a compelling

need for an innovative method for retrieving, recogniz-

ing and visualizing images from large collections to use

training and education, artificial intelligence, and robotics

fields.

Recent advances in computer vision and pattern recogni-

tion techniques have given rise to extract such robust and

invariant features from images. Usually a large number,

perhaps hundreds or thousands, of features are obtained

from each image. A vector descriptor, such as the scale

invariant feature transform (SIFT) is associated with each

features, computed from the intensity pattern [1]. The

calculated descriptors are vector quantized by k-means

clustering and an image is represented by a bag of these

keypoints so that images are searchable in a similar way

to bag-of-words in text retrieval.

The idea of bag-of-keypoints has already been applied

to generic visual categorization with promising results [2].

In the bag-of-keypoints model, each keypoint is considered

independent of all the other keypoints besides the loss

of all ordering structure. However, this method does not

work well in some cases. In the cases, there exist strongly

correlated keypoints in individual images as well as in

a collection as a whole. Therefore, it is necessary to

exploit the correlation or similarity patterns among the

keypoints to improve the retrieval effectiveness. Also,

there are a lot of objects in the world and we have more

than 100 thousands categories. It requires an intensive

learning/training stage for parametric image categorization

(e.g. Naive Beyes, SVM classifier). However, it takes too

much time to classify using supervised learning methods.

To overcome the limitation, this paper presents a fast

visual image categorization method with a new bag-of-

keypoints. In this method, Hamming distance is applied

to clustering of training data.

II Overview of Proposed Method
The proposed method uses k-means clustering algorithm

for building hierarchical training database. The effective-

ness of evaluating all images has been considerably low

if there are a lot of categories and photos [3]. In general,

each category has a similar pattern in bag-of-keypoints so

that it is not necessary to evaluate all the training images

at the beginning. In this paper, I modify the learning

and evaluation stage of bag-of-keypoints algorithm. In

the learning stage, we build a three layer hierarchical

model of the training images. The first layer consists

of the original data. The second layer consists of the

representative images extracted from each category by

using k-means clustering method and the representative

images are clustered again. The third layer consists of

the representative images of such clusters. Also we bi-

narize the bag-of-keypoints of the representative images.

A bitwise operation is used for comparisons and calcula-

tions. Typically, bitwise operations are substantially faster

than division, several times faster than multiplication, and

sometimes significantly faster than addition. By using

Hamming distance, the speed of retrieving should be

improved. We evaluate the test images based on clustered

training images.

Fig. 1. The proposed method.

The learning algorithm is as follows:

1) Detecting and making descriptors of covariant re-

gions or interest points.

2) Generating visual words by applying vector quanti-

zation or clustering based on the descriptors in the

training set.

3) Assigning the descriptors to a set of predetermined

clusters or visual words in the codebook.

4) Constructing a resulting histogram on individual

image, which counts the number discriptors assigned

to each cluster and treating the histogram as the

feature vector.

5) Clustering the images in each category and extract-

ing some images as the representatives of the each

category.
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TABLE I
RESULT

Bag of Keypoints Method Proposed Bag of Keypoints Method

Train cluster Recog. Time(ms) Good Recog. Bad Recog. Recog. Time(ms) Good Recog. Bad Recog.

Rate Category Rate Categories Rate Rate Category Rate Categories Rate

15

300 17.11% 2711.48 Soccerball 86.7% 16 0.0% 18.16% 1073.06 DollarBill 86.7% 19 0.0%

400 17.72% 6133.84 StopSign 80.0% 14 6.7% 19.21% 1085.23 SoccerBall 80.0% 11 6.7%

500 18.07% 7362.21 windsorchair 73.3% 10 13.3% 22.37% 1888.77 WindsorChair 73.3% 8 13.3%

1000 18.51% 13527.4 DollarBill 66.6% 8 20.0% 19.30% 3545.69 StopSign 66.7% 10 20.0%

2000 19.56% 24288.3 Motorbikes 60.0% 6 26.7% 19.65% 4359.68 Motorbikes 60.0% 4 26.7%

30

300 17.46% 5456.88 SoccerBall 93.3% 11 0.0% 24.56% 2292.71 Motorbikes 86.7% 16 0.0%

400 22.46% 12126.6 Faces 86.7% 19 6.7% 25.26% 2767.04 euphonium 80.0% 9 6.7%

500 22.72% 14840.9 WindsorChair 80.0% 10 13.3% 26.67% 3332.76 SocceerBall 80.0% 10 13.3%

1000 23.16% 26844.1 DollarBill 73.3% 8 20.0% 23.95% 5416.3 StopSign 80.0% 4 20.0%

2000 22.37% 48250.3 Motorbikes 73.3% 3 26.7% 22.63% 9861.84 WindsorChair 73.3% 4 26.7%

6) Transforming the histogram of each representatives

resulting image to a binary vector (visual words not

0 is to 1) in the second layer.

7) Building hierarchical database by re-clustering the

representative images.

The evaluation algorithm is as follows:

1) Evaluating the similarities between the query and

representative images in the third layer. A binary

vector is utilized with Hamming distance and the

three best clusters are chosen. Next, the similarities

between the query and representative images in the

three best clusters are evaluated at the second layer

and the best 3 clusters are chosen again.

2) Evaluating the similarities between the query and

images in the three best clusters. Not a binary vector

but a histogram is utilized in an Euclidean distance

measure function.

III Experimental Results
The image collection for experiment comprises of 8677

images of 101 manually assigned global categories. It is a

larger collection to used for object categorization or image

retrieval task in Caltech 101 [4]. To build the visual words

based on the k-means clustering, a training set of images

is selected before the learning process. The training set

used for this purpose consists of 15 and 30 images for

each category. To compare the recognition rates between

different numbers of visual words, the descriptors are

clustered to generate visual words of five different sizes

as 300, 400 500, 1000, 2000 units. After the construction

process, all the images in the collection are encoded

and represented as bag-of-keypoints. For a quantitative

evaluation of the categorization results, we selected 15

images for each category in the collection as query images

and used the nearest neighbor method for classification.

A retrieval is correct if it belongs to the same category

as the query image out of the 101 categories as shown

in recognition rate. The retrieval time is used as the basic

evaluation measure of retrieval performances. The average

is calculated over all the queries to generate the table in

five different settings.

Table 1 shows the recognition rate on five different

codebook sizes. It is clear from Table 1 that the best

recognition rates are different depending on the numbers

of visual words and clusters. The recognition rates in 30

training images per category are degraded when the sizes

are decreased or further increased. Also, Table 1 shows the

retrieval speed of the keypoints-based image representation

by performing proposed method with Hamming distance

and the original method to show the actual improvement in

retrieval time of the proposed methods. We obtained more

than 5 times faster retrieval speed compare to the original

method and also its recognition rates is better than those

of the original method. Those results show that it is not

necessary to evaluate all images. We can speed up the

retrieval process by evaluating between query image and

selected images. By analyzing Table 1, we can observe

that the performance of the proposed method is much

better when there are a lot of training images. The better

performances are expected as keypoints are more localized

in nature and invariant to viewpoint and illumination

changes. We can also observe that the category such

as soccer ball or stop sign that do not have irrelevant

keypoints performed better than other categories that have

many irrelevant keypoints. Overall, the improved result

indicates that the retrieval speed by using the proposed

method is not negligible and the proposed method can be

exploited effectively in large databases.

IV Conclusions
We have investigated fast visual object categorization

approach based the bag-of-keypoints that is inspired by

the ideas of the text retrieval. In this approach, an interest

point is detected and described by the SIFT descriptor at

first. Based on the construction of visual words, images are

represented as a vector of keypoints. The proposed method

evaluates the similarities/correlations between images by

the histograms and classifies by the nearest neighbor

method using Hamming distance. Experimental results

showed that the proposed method improved retrieval

speed. However, the precision of the retrieval results is not

enough. My method cannot improve the precision compare

to Naive Beyes or SVM clasifier.

As future works, we plan to study on a better clustering

method for training data to speed up the retrieval time. We

need to investigate how to remove irrelevant keypoints in

training data.

References
[1] D.Lowe, Distinctive image features from scale-invariant keypoints.,

IJCV, 60(2), 2004.
[2] G. Csurka, C. Bray, C. Dance, and L. Fan, Visual categorization

with bags of keypoints, ECCV Workshop on Statistical Learning in
Computer Vision, pp. 1-22, 2004.

[3] Oren Boiman, Eli Schechtman, and Michal Irani, In defense of
nearest-neighbor based image classification, CVPR08, 2008.

[4] L. Fei-Fei, R. Fergus, and P. Perona, Learning generative visual
models from few training examples: an incremental Bayesian ap-
proach tested on 101 object categories., CVPR 2004, Workshop on
Generative-Model Based Vision, 2004.

26



A Study on Renewable Energy Funds Initiated by NPOs in Japan 
Student Number: 08_08676 Name: Keisuke KUSUNOKI Supervisor: Naoya ABE 

NPO  
 

 
1. Introduction 

In recent years, importance of renewable energy has 
been increasing. Effects of introduction of renewable 
energy, such as the creation of employment 
opportunities, new markets and diversification of 
energy sources, can be expected. [1] Utilizing these 
effects, there are some activities trying to contribute 
to the community using renewable energy by NPOs. 
These NPOs have built some community wind-mills or 
installed solar panels with citizens’ investment 
(renewable energy citizens’ fund) and subsidy from 
the government. The method of citizens’ fund has 
advantage of environmental contribution of the 
citizens, however, it has disadvantage for NPO of 
much labor cost or risk of fund shortage.  

2. Objective 

The objective of this study is goal is to investigate the 
relationship between the characteristics of renewable 
energy funds and the characteristics of the power 
plants built by the funds, focusing on the variables 
such as the amount of the citizens’ investment and 
output capacity and amount (kW, kWh) of each plant. 

3. Data & Analysis 

This study focused on the renewable energy funds 
owned by operated by NPOs or local government in 
Japan, which are for wind power, solar (photovoltaic) 
power, and small hydro power generation projects.  
Based on various materials, 19 funds were identified in 
Japan as of February, 2012.  The data and its sources 
of this study are shown in Table 1.  

Table 1 . Data sources 
Data category Data sources 

Funds’ data: the number of investor; 
the amount of money to be raised; 
Amount of investment unit; total 
amount of investment; investment 
yield 
Power plants’ data: total operating 
expenses; rated output; electricity 
generation in a year  

Web page of related 
organizations, 
relevant literature, 
inquiry by e-mail or 
FAX to related 
organizations 

Details of two NPOs  Hearing survey 
Two analytical methods were adopted to clarify the 
goal of this study.  Cluster analysis and Principal 
Component Analysis (PCA) are adequate for dividing 

the subjects into some groups based on the similarity 
of their characteristics.  Hearing surveys to two NPOs 
which are involved and maintain renewable energy 
plants built by the funds supplemented the analysis. 

 

Figure.1 Composition of funds 

Fig.1 shows the proportion of the investors of 
each fund. The majority of these funds are made up of 
citizens’ investment and subsidies from local and/or 
national government.    For example, total amount of 
Fund #1 is about 16 million Yen, consisting of about 
54.4 % from citizens’ investment, 45% from subsidy, 
and 0.6 % from other sources.  

4. Results 

4.1 Result of analysis 

(a) As the result of cluster analysis, it can be divided 
funds into 6 groups. In Fig.1, horizontal axis and 
vertical axis means investment yield and the amount 
money to be raised. Group 1 and Group 2 are special 
groups because one or another value is an outlier. In 
Group 3~6, each group are different in investment 
yield, the amount money to be raised or amount of 
investment unit. It seems that each fund have been 
devised for collecting money.  

(b) Fig.3 shows the result of PCA. Vectors are 
eigenvectors of each variable and numbers mean 
each fund and power plant. The value of cumulative 
proportion up to second principal component is 75.3, 
so three-quarter of the entire information has been 
aggregated into this chart. The meanings of the 
principal components are inferred from vectors of 
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each variable. First principal component (horizontal 
axis) means “power generation potential” and second 
principal component (vertical axis)   means “the depth 
of the relationship of citizens to the fund” of power 
plants. These indexes become larger and larger in the 
negative direction of the axes. 

  
Figure 2.  Result of cluster analysis 

 

 
Figure 3. Result of PCA 

 
(c) Finding the remainder between ranking of rated 
output per citizens’ investment and ranking of 
electricity generation per citizens’ investment, it 
showed “J” in Table.2. These values mean that, if “J”>0, 
power plants at the base of electricity are superior to 
at the base of rated output. In other words, when 
judging which power plants generate more electricity, 
there are differences between judging rated output 
and actual electricity generation. Operation ratios of 
samples which ranking have fallen are lower than that 
of samples of same type.  

Table 2.  Comparison of the rankings of output 
capacity basis and actually generated amount basis 

 
A: type (w: wind, p: photovoltaic, h: small hydro)  
B: rated output [KW] C: electricity generation in 2010 [MWh]  
D: operation ratio [%] G: ranking of F 
E: citizens’ investment per total operating expenses [%]  
F: B*D per citizens’ investment [KW/ 100,000]  
H: C*D per citizens’ investment [kWh/ 100,000]  
I: ranking of H J: F-H   
 
4.2 Result of hearing survey 

Two NPOs’ motivation to utilize the scheme of citizens’ 
fund is based on the fact that they cannot get loan 
finance from financial institutions in common. Then, 
there is also an advice from the NPO that had built 
first windmill with a citizens’ fund and eventually they 
had chosen the scheme of citizens’ fund. One of the 
two NPOs is willing continue to utilize this fund 
scheme for advantage that it can directly involve 
citizens in activities of diffusion of renewable energy. 
However, the other NPO indicated reluctance to use 
the fund scheme again due to the disadvantages; it 
costs much labor or does not meet the characteristics 
of a renewable energy project in their views.  

5. Conclusion 

According to the results of the analysis above and the 
hearing survey, there are some relationships of trade-
off. In fund scheme, relationship between “par-
ticipation of the citizens” and “labor or cost” is trade-
off. The relationship between “the depth of the 
relationship of citizens to the fund” and “the amount 
of generation per investment” is also trade-off.  As a 
further study, it is considered that more various funds 
will appear in the future, so the study should increase 
samples and analyze them again.   The investigation of 
renewable energy funds owned by NPOs in foreign 
countries would be also important.  
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1 Introduction 
In China, the average water resource capacity 
per person is only 1/4 of the world and 65% of 
groundwater and 50% of surface water is 
polluted respectively.  

In the beginning of 1980s, the bottled 
water entered China market and the 
consumption of bottled water is increasing 
every year. At present, the consumption of 
bottled water in China ranks third in the world 
and it is increasing at 30% per year. This trend 
may represent the change of people’s 
perception about the quality of drinking water 
from the tap. 

 
2 Objective 
The objective of this study is to understand the 
perception of tap water quality and risk in 
Shenyang, China. A previous study (Doria, 
2005) conducted a study about the tap water 
risk and quality perception in Portugal .He 
found the factors such as flavour which can 
impact the perception. 
 
3 Data and Analysis 
An interview survey was performed in 
Shenyang, China, from January 11st to 
February 1, 2012. Shenyang is one of the 10 
largest cities (like Beijing and Shanghai) in 
China and the water resource capacity per 
person is the lowest in those cities. In the past, 
as the biggest heavy industrial city in 
Northeast China, there are severe 
environmental problems such as water 
contamination of rivers in Shenyang. At 
present, although the water quality becomes 
better than before, some citizen of Shenyang 
still worry about it. 

In this study, 349 questionnaires sheets 
were collected and the effective responses are 
270 (effective answer rate: 77.4 %.) The sample 
is composed of 41.5% (112) male and 58.5% 
(158) female and the mean age is 44.5 years old 
(youngest: 18, eldest to 73 years.) 

One of the questions was about the 
respondents’ opinions about the quality of tap 
water, which is about the taste, colour, odour of 
tap water. The survey found that 30% of the 
respondents replied they don’t satisfy with tap 
water quality, 53% replied that they do not 
know, and 13% replied that they satisfied with 
tap water. As for the question of whether 
respondents think there are health risks 

associated with drinking tap water at home, 
41% of the respondents indicated that there are 
indeed the risks, 40% respondents replied they 
didn’t know, and just 18% respondents disagree 
with the statement (see fig1.) Those two results 
imply that more people concern about the risk 
of tap water than the quality of tap water in the 
city. 
 

  

Fig 1 Perception of tap water quality and risk 
 

As for the analytical method, the 
Structural Equation Modeling (a.k.a. 
Covariance Structure Analysis) was adopted. 
This approach is used to analysis structural 
relation between variables, some of which may 
be latent. A simple example is shown in Fig2, 
which is about perceptional structure of people 
ability of reading and writing based on the 
levels of intellectual skills and sense of humor.  
In this figure, in part 1, “Intelligence” is a 
latent variable that is not directly measured 
but rather assessed indirectly using “Reading” 
and “Writing”, two measured variable and this 
part use the factor analysis which can show 
some measured variable by common factor. 

An equation for part 1 was defined as 
follow. 
 

Reading=a Intelligence+e2 
Writing=b Intelligence+e1 

 
 “a” and “b” are factor loadings, which 

show the relationship between Intelligence and 
Reading (Writing). e1 and e2 are error terms. 
 

In part 2, “sense of humor” is a result of 
“Intelligence”. An equation for part 2 was 
defined as follow. 
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Sense of humor=c Intelligence+e3 

 
 “c” is the path coefficients which show the 

causal relationship between “Intelligence” and 
“sense of humor”. If the c is big, it means “sense 
of humor” is large impact by “Intelligence”. And 
the one arrows stand for regression weights 
and the two arrows stand for correlations 
among predictors. 
 

 
 

FFig 2 example model 
 
4 Results 
The structural equation model that integrates 
the main variable of this study is presented on 
Figure 3. Results show that, in Lisbon, 
Portugal, perceived tap water quality is largely 
influenced by “flavour”, but in Shenyang, China, 
“risk” has a very important role for perception 
of tap water quality. On the other hand, in 
Lisbon, Portugal, perceived tap water risk is 
largely influenced by “colour”, but in Shenyang, 
China, “flavour” has a very important role for 
perception of tap water risk. 
 

 
  

Fig.3 A structural equation model 
(Portugal and China) 

 
This model is referred from the previous 

study (Doria, 2005), which investigated the 
perceptional model about drinking water in 

Portugal and its fitness indexes are:  
non-normed fit index (NNFI) =0.964, the 
comparative fit (CFI) =0.963, the root mean 
square error of approximation (RMSEA) =0.046.  
The result of applying the same model 
framework to the Shenyang’ data provided the 
fit indexes such as NNFI=-0.045, CFI=0.751, 
RMSEA=0.236 respectively. It means the 
Chinese data is not explained well by this 
model. 

For this reason, a Modified model was 
constructed (Fig4). Two variables which are 
“impurity” and “pump” were added in this 
model. Results show that, both perceived tap 
water quality and risk are largely influenced by 
flavour. Those fit indexes are NNFI=0.868, 
CFI=0.952, RMSEA=0.094. This model 
becomes better than before. 

 

 
Fig4 Modification model 

 
5 Conclusion  
In Portugal, according to Doris (2005), people 
take variable “flavour” as the medium to 
perceive the tap water quality. But in China, 
people consider a variable “risk”, which is more 
general notion, as the medium to perceive the 
tap water quality. It may mean Chinese people 
pay more attention to the safety of tap water.  

In the modification model which is fit 
Chinese data, “Vision” is used as the medium to 
perceive the tap water quality and risk. It may 
mean Chinese people used the factor which can 
be visible to perceive the quality and risk of tap 
water. If the vision was being improved, maybe 
the perception of tap water quality and risk will 
become better.  
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Development of time domain channel sounding system of BAN
and evaluation of SIMO diversity
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1 Introduction
Wireless body area network(BAN) has seen very rapid

development in recent years. BAN involves communi-
cation between communicating nodes located in, on, or
around the human body.In the future Wireless BAN sys-
tems are expected to find wide application in medical care,
sports,entertainment, or many other fields[4]. BAN Chan-
nels are those surrounding the human body, so the affect of
human body and human body motion must be considered
while studying BAN channels.

In the IEEE 802.15.6 standard different frequency
bands are allocated for WBAN applications.Ultra-wide-
band (UWB)technology is also considered in this standard
for usage in WBAN. It constitute communication over very
wide bandwidth, enabling high data rate transmissions at
very low power. In UWB transmission the signals are usu-
ally of very short duration, like a pulse, and we can easily
differentiate the signal from its delayed versions. Hence
UWB communication has the advantage of being very re-
silient to multi path fading.

While considering human body motion each body parts
moves differently and because of this,to understand the
WBAN channel we need to make dynamic multi port
channel measurements as opposed to static measurements.
To study the UWB WBAN channel,a UWB measurement
system was developed and verified to be working prop-
erly. Then we conducted an experiment to make on-body
WBAN SIMO channel measurement using one transmit-
ting and two receiving antennas. We assumed that the an-
tenna diversity can be evaluated by measuring the correla-
tion between each channel.

2 Configuration of the measurement system
UWB signal measurements, are always done either in

time domain or frequency domain[1]. In the case of dy-
namic channel such as BAN, the signal is always chang-
ing and therefore the time domain method of measure-
ment which uses digital sampling oscilloscope with high
sampling rate is better because of short measurement time
compared to the frequency domain method. The configura-
tion of the measurement system is shown in Figure 1. The
transmitter is constructed with a pulse generator (PG) and a
band pass filter (BPF). For UWB, the 3.4-4.8GHz and 7.25-
10.25GHz bands are allowed to be used in Japan. The re-
ceiver is composed of a BPF, a Low noise amplifier(LNA),
and an oscilloscope. Due to very low transmitted signal
power, we had to amplify the pulse at the receiver to be
able to view the signal. The PG and the Oscilloscope were
synchronized using trigger signal from signal generator so
as to be able to observe the delay time of pulse.

transmitter Receiver

Synchronization

scopePG BPF BPF

Trigger
signal
generator

LNA Oscillo-

Figure 1: Time domain method

3 Data process
The received signals were observed using the digital sam-

pling oscilloscope. The oscilloscope was controlled using
PC. Because of the very low transmitted power, SNR (sig-
nal to noise rate)at the receiver is also very low. To be
able to find the pulse correctly, SNR has to be improve
by averaging[2]. If averaging is done N times, SNR is im-
proved by 10 log10 NdB.

Receiving signal includes the channel transfer function
and the system response of the measurement system. We
have to therefore remove the system response from the re-
ceived signal to get the channel transfer function. In this
system, the power of PG couldn’t not be changed, so we re-
moved it after measurement. Received signal can be math-
ematically represented as

Y (f) = X(f)Gt(f)H(f)Gr(f) (1)

X(f), Y (f) are spectra of the transmitted and received sig-
nals, and Gt(f), Gr(f) system response of transmitter and
receiver. H(f) is transfer function of channel including
antennas. On the other hand, when transmitter and receiver
are connected through the attenuatorHatt(t) as the calibra-
tion measurement, the received signal is

Y ′(f) = X(f)Gt(f)Hatt(f)Gr(f) (2)

we can then get channel transfer function by following. 　

H(f) =
Y (f)

X(f)Gt(f)Gr(f)
=

Y (f)Hatt(f)

Y ′(f)
(3)

Channel impulse responseh(t) can be gotten from channel
transfer function by inverse Fourier transform.

h(t) =
1

2π

∫ ∞

−∞
H(f)ej2πftdt (4)

4 Verification
4.1 Direct connection
The receiver has 4 port in this system. To confirm the same
signal can be received at each port, we compare the signal
by connecting the transmitter and receiver directly through
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Figure 2: receiver 1
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Figure 3: receiver 2
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Figure 4: Oscilloscope
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Figure 5: VNA

Tx

R1R2

dy

dx

Transmitter

Receiver
Cable(3m)

Cable(3m)

Cable(3m)

Cable(1.5m) Cable(1.5m)

PC

Synchronization

Trigger
33120a(50Hz)

Trigger
MG3641A(50MHz)

Oscilloscope
25Gsample/s

2ports

Figure 6: Caption for figures at the bottom

Table 1: parameter
Triggering Signal Frequency 500Hz

sampling frequency 25GHz
Measurement time about 8.6sec

dx, dy (1,5,10,15,20cm),(10,18cm)

an attenuator. Figure 2 and 3 are the two calibrated signal
which were generated by T-branch at the same time at two
port. We confirmed that the signals can be received at the
same time and their power are the same.

4.2 Free space

Next, I measured the signal in free space and compare the
data from VNA which can measure channel transfer func-
tion. Figure4 and 5 show each channel impulse response
for a distance of 30cm. Almost same voltage level can be
observed.

5 SIMO channel measurement
In the experiment, we attached the transmitting antenna

on the navel(fixed), and two receiving antennas on the cen-
ter of chest. We then measured the signal while standing
still, walking,and standing up and sitting down. Next, we
changed the distance dx and dy , and repeated the measure-
ments for the above motion scenarios.

Table 1 is the parameter of this experiment.
From the maxpeak of obtained data, we found out the

path gain about each path by subtracting the power. Figure
5 is the case for dx=1cm anddy=10cm.

The similar fluctuation can be observed in channel 2. I
obtained correlation coefficient of Path gain between chan-
nel 1 and channel 2 in each case. The correlation is defined
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Figure 7: Path gain(dx=15cm,dy=10cm)

Table 2: Correlation coefficient(dy=10cm)

still walk updown
dx=1cm 0.9482 0.9080 0.8536
dx=5cm 0.9825 0.9158 0.9313
dx=10cm 0.9784 0.8856 0.9366
dx=15cm 0.9846 0.8968 0.8575
dx=20cm 0.9613 0.7388 0.1724

Table 3: Correlation coefficient(dy=18cm)

still walk updown
dx=1cm 0.9058 0.7712 0.8966
dx=5cm 0.8407 0.5548 0.0858
dx=10cm 0.6982 0.7056 0.8979
dx=15cm 0.6033 0.6129 0.5818
dx=20cm 0.8051 0.6556 0.5354

by

R(x, y) =

∑n
i=1(xi − x)(yi − y)√∑n

i=1(xi − x)2
√∑n

i=1(yi − y)2
(5)

where xi and yi represent measurement data, and x and y
denote average of it[4]. Table 2 and 3 shows the results.
Though for higher antenna diversity low correlation be-
tween the channels are preferred, from the results we ob-
serve high correlation even when the distance between
the antennas are long.We therefore need to consider other
methods such as polarization diversity in front of body.

6 Conclusion
In this research, a UWB time domain channel sounding
system for BAN was developed and its accuracy evaluated.
Also, We measured the on-body channels and calculated
their correlation.
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Investigation of carbonation depth of real structures
in The Philippines and Laos

Student number: 08_13743 Name: Satoshi Takaki Supervisor: Nobuaki Otsuki

1. Introduction
Nowadays, carbonation of concrete is serious prob-

lem. After losing alkalinity of concrete, passive states
of the surface on the steel bar could be broken, and 
become to be corrosion. To prevent deterioration, 
maintenance is very important against carbonation of 
concrete. And it is necessary to predict deterioration 
by carbonation for maintenance.

However, carbonation of existing structures has not 
been investigated yet, especially in Southeast Asia
wherein it is a high temperature and heavy rain.

Therefore, this study aims, (1) To evaluate the car-
bonation depth in the Philippines and Laos existing 
structure. (2) To evaluate effect of temperature and 
environments in carbonation speed coefficient.

2. Carbonation speed
Carbonation is a chemical reaction as equation (2.1) 

between calcium hydrate in concrete and CO2 in at-
mosphere. 

Ca(OH)2+CO2→CaCO3+H2O (2.1)
From the previous research[1], carbonation depth was 

calculated the following formula (2.2).
(2.2)

“X” represents carbonation depth, “t” material age
and “A” is called carbonation coefficient which is af-
fected by environments and concretes. Coefficient “A” 
also depend on diffusion speed of carbon dioxide in 
concrete. Therefore carbon dioxide is difficult to pen-
etrate when concrete is wet, because of full of water in 
fine pores. From previous research [3] carbonation of 
concrete without roof is more slowly about twice than 
with roof.
Additionally, there are many painted concrete as in-

vestigation objects in this study, from that reason, we
apply formula (2.3)[4] to carbonation depth of painted 
concrete.

(2.3)
( ,  )

This formula is based on Fick’s 1st Law. “X” and “A” 
is same as formula (2.2) . “R” is value of resistance of 
paint against carbonation. “ is carbon 
dioxide diffusion in concrete and paint. “C” is CO2
concentration of surface on concrete. “H” amount of 
calcium hydrate by a unit volume. And “d” is paint 

thickness.
Formula (2.5) is what formula (2.3) is transformed

into.
(2.5)

From this formula, coefficient “A” is determined by 
substituting value of ”, “C”, “H”, “d”.

3. Sight Investigation and results
3.2 Investigation method

Carbonation depth was measured according to 
NDIS 3419, “Method of test for neutralization depth 
of concrete in structures with drilling pow-
der”[5](figure.1). More than three specimens of each 
part were prepared (figure.1). During drilling, the 
powder were exposed in phenolphthalein solution, the 
carbonation depth was measured when the powder 
changed red-purple.

3.3 Observation site
(1) In the Philippines

8 structures in near metro Manila were investigated.
There are 6 education facilities: the age of 14, 15, 16, 
25, 30, 35years, and one house: the age of 40years, 
one church: the age of 60years.
(2) In Laos

5 structures in Vientiane were investigated. There 
are 5 educational facilities: age of 46
(3) In Japan

To compare carbonation speed between countries
we used carbonation data in Japan[6]. There are 2 edu-
cational facilities: age of 18, 49years, 2 medical facili-
ties: age of 13, 29years, 2 office: age of 13, 23years, 4
houses: age of 21, 23, 24, 26years, and 1 hotel: age of 
24.
4. Result and Discussion
4.1 Present condition

Figure.2 shows carbonation depth in each building.
As you can see, carbonation depth is big in Japan 
compare with in Philippine and Laos. Furthermore, 

Fig.1 Method of test for neutralization depth
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carbonation depth is big in Laos compare with in The
Philippines. It was consider that it is much 
4.2 Effect of precipitation and paint

Figure.3 shows carbonation speed coefficient in 
case of not painted concrete and painted concrete. As 
you can see, it is obvious that carbonation depth is 
small in case of painted concrete in all countries. Es-
pecially in the DLSU building, painted carbonation 
depth become 1/4.24 times compare to no painted 
carbonation depth. It was consider that, in the DLSU 
building, repaint was conducted every five year, 
therefore, the paint was kept in good condition. 

 Figure.4 shows effect of precipitation. And Figure.5
shows effect of temperature. From these figure effect 
of precipitation is larger than temperature.

Fig.2 carbonation depth each countries

Fig.3 Paint resistance by comparing same concrete[7]

5. Conclusion
The conclusions of this study are as follows:

(1) Carbonation speed in the Philippines and Laos is 
small compare with in Japan.
(2) There is effect of paint and precipitation.
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Enhancement of the composting of sub-critical water-treated food waste using 
acetic acid-degrading yeast 

Student Number: 08-16470    Name: Songhua Zheng     Supervisor: Kiyohiko NAKASAKI 

1 Introduction 
In the preliminary experiment, it was confirmed 

that composting of the sub-critical water-treated food 
waste (STFW) cannot be performed successfully in 
short time enough to carry out practically. It is known 
that when the pH of the raw composting material is 
low, it takes extremely long time for the composting 
[1], therefore, the low pH characteristic of the STFW 
was considered to cause the delay in the composting 
time. It was also confirmed previously that high 
concentration of acetic acid is contained in the STFW, 
which is one of the components that decrease the pH 
of STFW. In this study, isolation of acetic 
acid-degrading microorganisms and modification of 
the STFW using the isolated microorganisms for the 
enhancement of composting of STFW were attempted. 

2 Materials and methods 
2.1 Acetic acid-degrading microorganisms

Compost product was used as inoculum and added 
to  BS medium containing  0.3% of acetic acid.
After the cultivation at 30 °C for 4days, the culture 
was spread on the BS agar medium containing 0.3 % 
acetic acid and incubated for 30°C for 4day. Colonies 
appeared on the agar medium were isolated as acetic 
acid-degrading microorganisms.  

2.2 Acetic acid degradation by the isolates in a 
liquid medium

Isolated strains RB1 and CM1 were inoculated to 
TS medium where acetic acid was added. Then, 
cultivation was carried out at 30°C for 48 h. aliquot of 
samples were withdrawn and subjected to the 
measurement of acetic acid concentration by HPLC.  

2.3 Dependence on pH for the degradation of 
acetic acid by RB1 

STFW was sterilized prior to the inoculation of 
strain RB1. Lab-scale experimental set-up consisted of 
a mini-reactor and an incubator to maintain the 
temperature at 30°C. Air was supplied at the flow rate 
of 5.5 ml/min and the exhaust gas was captured to
measure the gas volume and CO2 concentration once 
daily.  Four runs with different pH values of 5, 6, 7, 
and 8 adjusted by addition of Ca(OH)2 were conducted 
for 5 days during which the cell density of strain RB1, 

pH, and concentration of acetic acid were monitored 
every 24 h.  

2.4 STFW composting  
Inoculation of strain RB1 was carried in tandem 

with pH adjustment to 5.0 by addition of Ca(OH)2 to 
the sterilized STFW at the start of experiment. 
Composting temperature was set at 30°C during the 
first 5 days. At day 5, pH of compost was adjusted to 
8.0 and seeding materials of Alles G was inoculated. 
Then, incubation temperature was raised to 60oC and 
kept constant throughout the composting of 7 days. 
The degradation of organic matter was monitored by 
CO2 emission. The details of composting system is 
shown in Fig 4. 

3 Results and discussion 
Two yeast strains that can degrade acetic acid were 

isolated and named CM1 and RB1. A picture of the 
colonies of the  RB1 is shown in Fig. 1. 

Fig. 2 shows the course of concentration  of acetic 
acid in the TS medium where RB1 and CM1 were 
inoculated. The initial concentration of acetic acid was 
5.5 g/L and after 48 h cultivation, it decreased to 1.3 
g/L for the culture with RB1 and to 2.2 g/L for the 
culture with CM, suggesting the higher degradation 
ability of RB1 compered to that of CM1. Based on the 
results, we focused the RB1 and preferable pH 
condition for RB1 to degrade acetic acid in the STFW 
was investigated. 

Fig. 1  The picture of the colonies of RB1. 
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Fig. 3 shows the course of acetic acid concentration 
in the STFW of which pH was adjusted to the 
intended values during the experiment. RB1 showed 
highest acetic acid-degrading capability in the 
experiment at pH 5 where the concentration of acetic 
acid decreased from 0.0173 g/g-ds to 0.0047 g/ g-ds.  
Therefore, composting of STFW after the degradation 
of acetic acid contained in STFW by RB1 at the 
condition of pH 5 was carried out in large scale 
apparatus.  

Fig. 4 shows the courses of emittion rate of CO2

and cumulative emittion of CO2 during the experiment 
using large scale apparatus. The cumulative emittion 
of CO2 increased steadily during the experiment and it 
was confirmed that the composting of STFW was 
successfully conducted in 7 days that was short time 
enough to carry out practically after the pretreatment 
by RB1 for 5 days. 
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Fig. 2  The courses of acetic acid concentration in TS 
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Fig. 4  the courses of emittion rate of CO2 and 
cumulative emittion of CO2 during the 
experiment using large scale apparatus. 

1. Flow meter 6. Styrofoam insulator11. Ammonia trap
2. Ribbonheater 7. Thermocouple 12. Silicagel adsorber
3. Gas meter 8. Temp.controller 13. Recorder
4. Perforated plate 9. Solenoid valve 14. CO2 analyzer
5. Reactor 10. Pulse transmitter 15. Micro-computer

Fig. 5  Schematic diagram of the experimental set up  
      with a large scale apparatus.

4 Conclusions 
Acetic acid-degrading microorganism of CM1 and 

RB1 could be isolated and it was clarified that RB1 
have higher acetic acid-degrading ability than CM1. 
Furthermore, composting of STFW could be carried 
out successfully in short time enough to conduct 
practically after the pretreatment of STFW by RB1 at 
the condition of pH5 that was determined to be 
preferable for RB1 to degrade the acetic acid. 
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Consideration of stress distribution in an antlion's nest using advantage of angle of repose 

 
Student Number: 08B16760  Name: Lin TANG  Supervisor: Thirapong PIPATPONGSA 

 
1 Introduction 

Inverted conical sand valley represents a 
fundamental problem in geo-mechanics whose stress 
distribution has not been clearly solved. This problem 
can represent a condition of antlion’s nest (see Fig.1) 
for small scale and a condition of open-pit mine (see 
Fig.2) for large scale. Spider and antlion are only 
insects which can trap other insects. In Geotechnical 
Engineering’s view point, antlion employs advantage 
of angle of repose to trap small insects by digging 
conical pits in loose sand. When a small insect, 
commonly an ant, falls into the pit, its weight causes 
instability of the pit; hence cascading the victim down 
to the bottom of the pit where antlion is waiting for. 
Despite of different scale and boundary conditions, 
complicated problem on stress distribution in open-pit 
mine would be able to simplify to that of antlion’s nest. 
Therefore, investigation of antlion’s nest and its 
physical model was conducted in this study. 

 
2 Trajectories of principal stresses 

Granular slope inclining at an angle of repose 
physically exhibits the steepest angle of descent 
relative to the horizontals where slope face is on the 
verge of sliding. The fixed principal axes (FPA) 
closure is considered as an ad hoc explanation about 
trajectories of principal stresses (see Fig.3). Based on 
the, the angle of major principal direction � is 
assumed to be fixed on each half of the sand valley 
which is determined from the state of stress adjacent 
to the failure plane.  

 
3 Experiments and results 

The experiment includes two parts, antlion’s nest 
experiment and sand crater physical modeling. 

 

Fig.1 Image of antlion 
catching an ant 

 
Fig.2 Illustration of 

open-pit mining 
 

 

Fig.3 Networks of principal 
stresses in sand valley under 

the closure of FPA 

Fig.4 Description of 
geometry of 
antlion’s nest 

3.1 Antlion experiment 
The material used in antlion experiment is silica sand 

8 and 6. Ten healthy antlions were putted into 10 
paper cups filled with sand. The height of pit was 
measured after pit was dig. Angle of repose can be 
computed from maximum and minimum width of the 
pit. The geometry of angle �1, �2, radius r1, r2 in 
principal axis and angle �3, �4, radius r3, r4 in second 
axis are described in Fig.4. Experimental results for 
angle �, radius r, void ratio e, relative density Dr are 
shown in Table1, showing that density of silica sand 
no.8 is relatively larger than that of no.6 Box shear 
test was carried out to find friction angle of both sand 
and reported to Table 2 with other sand’s properties. 

 
Table1 experiment results in antlion’s nest 

 
 

Table 2 physical nature of silica sand 8 and 6 

 
 

Table 3 Testing program of physical model of sand 
crater in a rectangular bin 

Test 1 2 3 4 5 
1SPM 2AP AP 3DP AP DP 
4Hf 20 20 20 30 30 

Note: 1SPM=sample preparation method; 2AP=air pluviation 
technique; 3DP=dry deposition technique; 4Hf=final height of 
excavation 
 

  
Fig. 5(a) Outline of 
embedded gauges (left) 

Fig. 5(b) Alignment of 
pressure gauges (right) 

 
3.2 Physical modeling of sand crater 

A summary of the tests undertaken is given in Table 
3. The physical model of load transmission beneath 
the sand crater in the transparent plastic rectangular 
bin was carried out on 5 samples of dry silica sand 
no.8. The geometrical dimensions are, length L = 88 
cm, width W = 38 cm, and height Hb = 49.5 cm. The 
scale was stuck on the edge of the bin. A series of low 
capacities of pressure cells were employed for the 
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highly accurate and precise measurement of the low 
pressure induced by self-weight of tested sand stored 
in rectangular bin. The vertical pressures of the 
granular material exerting to the floor were measured 
by twelve miniature pressure gauges, 9 of which have 
10 mm in diameter and a maximum capacity of 20 
kN/m2, and other three 25 mm and 20 kN/m2 as shown 
in Figs. 5(a) and 5(b). As outlined in Fig. 5, 3 pressure 
gauges were installed at centerline, 4 on the right and 
5 on the left asymmetrically in order to effectively 
catch a pressure profile by a limited number of sensors. 
A half plane of the physical model can be simply 
considered due to its symmetrical geometry. As the 
sample preparation is one of the most important 
aspects for soil testing, the uniformity of the sample 
has been a major concern. Various techniques from 
theoretical and experimental viewpoints have been 
proposed to reconstitute homogeneous samples. 
Therefore, the sand samples of 20 cm and 30 cm 
height were prepared by two techniques (air pluviation 
and dry deposition) as described in Table 3 to observe 
the discrepancy of load transmission underneath the 
sand crater in rectangular bin. For each technique, 
sands were deposited in a bin at a constant 2 cm drop 
height in order to obtain loose samples. Sands as to air 
pluviation technique were filled in a physical model 
bin with a rate 2 kg/min pouring from the plastic 
bottle having the bigger cross section with a small 
sieve opening of 1 mm at the bottom. In regard to dry 
deposition technique, sands were spread with a rate 5 
kg/min into the center of the bin through cap-opened 
plastic bottle with a 2.2-cm-diameter nozzle. Then, the 
vacuum with a sharp tube was used to suck sand along 
the centerline; therefore, a conical crater was formed 
by successively sand avalanches inclining at the angle 
of repose. The sand was excavated until the final 
depth (Hf) reaches 12 cm.  

As shown in Fig. 6, the vertical pressure σv 
measured along the floor of the physical model 
normalized by its geostatic pressure γH was plotted 
against χ representing the distance from the centerline 
along the floor normalized by half length L/2. The 
diamond, rectangular, triangular, and circular symbols 
denote a chain of pressures undergoing the excavation 
stages at depth 0 cm, 4 cm, 8 cm, and 12 cm, 
respectively.  

 
4 Discussion and conclusion 

Angle of repose for loose sand represents its friction 
angle. By comparing Table1 and Table2, angle formed 
in antlion’s nest is larger than the friction angle; thus 
indicating that antlion’s nest is on meta-stable state, 
even a little movement can cause collapse of its nest. 
According to experimental result of physical model, 
stagnant of pressure change at the center is clearly 
observed, because the pressure does not transfer to the 
base for deep overburden layer. However, a central 
pressure dip can be observed later once the excavation 
process is continued and passed the critical depth 
which is consistent with FPA closure. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
Fig.6 Pressure changes on the base of sand valley 

during excavation process for Test 1 to Test 5 using 
silica sand no.8 
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Magnetic Shielding from Solar Energetic Particles for Manned Deep Space Explorations 
Student Number: 08-17787  Name: Yasuhito Nakatani  Supervisor: Yoshihiro Mochimaru 

1. Introduction 
Shielding from Solar energetic particles (SEPs) is one of 

the most difficult problems for manned deep space 
explorations. SEPs are high energetic particles emitted from 
the Sun in case of a solar burst. Most of SEPs are protons. 
We are protected from SEPs by the earth’s magnetic field 
and its atmosphere. In deep space, however, astronauts are 
at risk of exposure to SEPs, and could be exposed to more 
than 1 Sv SEPs during a few days of a solar burst. Big solar 
bursts occur several times during a 11-years solar cycle. 

A major idea to protect astronauts from SEPs is to make 
walls of spacecraft thick, which is against deep space 
explorations. Another idea is to generate a magnetic field 
using superconducting coils for deflecting trajectories of 
proton colliding with a spacecraft. Figure 1 is a schematic 
configuration. A magnetic field generated by a loop current 
in a superconducting coil is expected to deflect protons. The 
idea has a potential to adopt less mass compared with the 
former. It was considered that a superconducting coil 
system requires huge amounts of power to generate a 
sufficiently intense magnetic field, for deflecting almost all 
protons. 

In this paper, number density distribution of the solar 
protons around the loop current is investigated, to show 
effects of the diameter of the coil and those of the location. 

Fig. 1 Magnetic shielding from SEPs. 

2. Simulation method 
Figure 2 shows a computational space of

.
SEPs are assumed to be composed only of protons. The 

solar protons fly into the computational space from 
plane at = . The protons are velocities parallel to Y
axis.

Since protons possessing kinetic energy less than 50 MeV 
are guarded by the walls of the spacecraft, the target kinetic 
energy  of the proton is assumed to be 

(1)
Proton’s particle flux is assumed to be 

. Their kinetic energy distribution is assumed due to. [2].
The coil is located at the oriin in the computational space. 

The coil plane is in parallel with plane. Coil’s
diameter is 1.0, 2.0, 3.0, or 4.0 m. The coil current is
10, 50, 100, 200, 300, or 400 kA. An electrical field 
generated by solar wind is ignored. Based on this 
assumption, each proton is affected by the following 
Lorentz force,

(2)
where :Lorentz force, :electrical charge of a proton, 

:velocity of a proton, :magnetic flux density. 

Equation of Proton’s motion is 

(3)

where :proton’s mass. Eq. (3) is integrated by 
Runge-Kutta method. 

Fig. 2 Computational space (not to scale) 

3. Results 
3.1. Number density distribution of proton

Figure 3 shows the number density distribution of protons 
for d=4.0 m and I=200 kA. 

The number density drops to a lower value behind the coil.  
Since the magnetic field’s Z component is symmetrical 
about the coordinate origin, low number density region is 
symmetrical about  plane at . High number 
density region is found above the low number density 
region. It is because Z axis plus directional Lorentz force. 

The low density region expands along Y axis. 

Fig. 3 Number density distribution of protons around the 
coil (d=4.0 m, I=200 kA) 

3.2. Effects of magnetic field intensity
Figure 4 shows the number density distribution of protons 

for d=4.0 m and I=50 kA. 
The low density region decrease in size with decrease in 

the coil current. 

coil
protons

solar

burst

protons

extensible arm

spacecraft

superconducting coil

magnetic field
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Fig. 4 Number density distribution of protons around the 
coil (d=4.0 m, I=50 kA) 

3.3. Effects of coil’s diameter
Figure 5 shows the number density distribution of protons 

for d=1.0 m and I=200 kA. 
The low density region decrease in size with decrease in 

the coil’s diameter. 

Fig. 5 Number density distribution of protons around the 
coil (d=1.0 m, I=200 kA) 

3.4. Effects of proton’s incident angle
Figure 6 shows the number density distribution when the 

protons have variations of the incident angle in the range of 
7.5 deg in Y-direction. The coil diameter and the coil 

current are d=4.0 m and I=200 kA, respectively.
In this case, some protons can fly to a region behind the 

coil without being affected by the magnetic field. Because 
of that, there is the most appropriate position in Y-direction 
for the spacecraft. 

Fig. 6 Number density distribution of protons around the 
coil (d=4.0 m, I=200 kA, ) 

4. Conclusions 
The magnetic shielding could deflect most of the SEPs’

trajectories even if the coil current is relatively low. Not 
only the amount of the current but also the coil’s size and 
the relative position between the coil and the spacecraft are 
important for the magnetic shielding from SEPs. 
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Effect of operating condition on solvent extraction of La with PC-88A 
Student Number: 08_18048 Name: Kazuma NAKAMURA Supervisor: Ryuichi EGASHIRA, Hiroaki HABAKI 

1. Introduction  
Rare earth metals are mainly used as raw materials for high 

purity individual rare earth chemicals. Lanthanide elements 
have major applications in magnets, ceramics, electronics, 
nuclear technology and so on [1]. 

Solvent extraction is well known as an effective method for 
separation of lanthanides on the industrial scale. Due to the 
growing demand of high purity metals with the developing 
high-technology industry, establishing the more effective 
operating condition of solvent extraction is needed. 2-ethylhexyl 
phosphonic acid mono-2-ethylhexyl ester (PC-88A) is an acidic 
organophosphorus extractant. PC-88A has been widely used in
solvent extraction of lanthanides industry for the separation and 
purification of the metal ions. However in the previous studies 
the concentration ranges of rare-earth metals and extractant 
were much lower than those used in the industrial scale. The 
rare-earth metal concentrations were so low relative to those of 
extractant in organic phases that it was assumed that the free 
extractant concentration could not be affected by the metal 
extraction. Nishihama et al. [2] reported that in the high 
concentration region, the extraction reaction was quite different 
from those in the low concentration ranges. 

In the present work, solvent extraction of La with PC-88A is 
studied. La was selected from the rare-earth metals and the 
extraction equilibrium of La between the organic phases of 
PC88A and the aqueous phases in which the proton 
concentration was adjusted. Moreover the effects of La 
concentration in the system on the extraction equilibrium were 
also studied. 
2. Experimental 

Table1 shows the experimental conditions for distribution 
equilibrium measurements. The organic solutions were prepared 
by diluting PC-88A with solvesso150. Solvesso150 is one of the 
petroleum fractions, rich in aromatic hydrocarbons. The 
aqueous solution of nitric acid was used as the aqueous phases. 
La hydroxide was used as La source. 

The solute, aqueous and organic phases were put into 50ml 
conical flasks with screw cop, and stirred with magnetic stirrer 
for 24h. The two phases were then separated with a separating 
funnel and the obtained aqueous solutions were analyzed by 
ICP-AES. 

Table1 Experimental condition of La hydroxide extraction 
Solute                              La(OH)3  
Aqueous phase               Aqueous solution of HNO3  
Organic phase          Organic solution (solvesso150) of PC-88A 
Mole load relative to  
aqueous phase           CLa,aq,0[kmol/m3]  0, 0.1,0.05,0.025 
Concentration of nitric  
acid in aqueous phase .     CNA,aq,0 [kmol/m3]     0~0.175 
Concentration of PC-88A  
in organic phase            CRH ,org,0[kmol/m3]    0.5, 1.0 
Volume of aqueous phase         Vaq [m3]           2.0×10-4

Volume of organic phase          Vorg [m3]         2.0×10-4

Stirring time                     t [h]           24
Stirring speed                    v [h-1]           60,000 

3. Results and Discussion  
3.1 Solvent extraction of La hydroxide 

The extraction degree, E, is given by: 
                                       (1)

Distribution ratio, D, is defined by: 
                                               (2) 

In this study, reaction is assumed to be as follows [3]: 
                        (3) 

where (RH)2 is extractant dimmer, and  is extracted 
species. CRH,org is an extractant concentration as dimmer.  

Dissolution of  La hydroxide in water is written as follows: 
                              (4)

From Eqs (3) and (4), we have Eq (5):
                   (5)

From Eq (5), Kex is expressed by:  
                     (6) 

From Eq (3), concentration of free extractant, CRH,org, 
expressed by: 
CRH,org = CRH,org,0-3CLa,org                             (7)

The effect of initial and equilibrium H+ concentration, CH,aq,
on the extraction degree, E, is shown in Fig.1. Fig.2 shows the 
effect of nitric acid concentration, CNA,aq, on the extraction 
degree. All La hydroxide was extracted with aqueous solution 
of no nitric acid and the organic phase of CRH,org,0=0.5kmol/m3

could extract all La in case of CLa,aq,0=0.1kmol/m3. 
CH,aq increased after the extraction but Eq(5) means that 

CH,aq isn’t change before and after the extraction. This change 
may be because of PC-88A dissolved in aqueous phase. The 
effect of organic phase contact with water is shown in Table2. 
This result means that CH,aq is decrease without extraction. 

Table2 The effect of PC-88A dissolution in 2.0×10-4m3 water 
Organic phase                                 CH,aq

PC-88A 0.02(kmol/m3)                        2.77 
PC-88A 0.02(kmol/m3) + solvesso150 (2.0×10-4m3)  2.84 

Fig.1 Effect of initial and equilibrium CH,aq on the extraction degree.
CLa,aq,0=0.1 kmol/m3, CRH,org,0=0.5, 1.0 kmol/m3

Fig.2 Effect of nitric acid concentration on the Extraction degree.       
CLa,aq,0=0.1 kmol/m3, CRH,org,0=0.5, 1.0kmol/m3 
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3.2 Measurement of extraction equilibrium constant
Fig.3 shows the effect of free extractant concentration on 

Kex. When the free extractant concentration was lower than 
0.3kmol/m3, Kex was not constant. In the range of 
CRH,org>0.3kmol/m3, Kex was almost constant but the value was 
affected by La concentration. 

Fig.4 shows the slope analysis method to determine Kex at 
each La concentration. Kex could be obtained by the intercepts 
of the line of which solpe is 3 and pass the all plot. In Fig.4,
Eq(3) was assumed to be able to apply each conditions where 
Kex are constant. The obtained Kex was listed in Table3. 

Fig.3 Effect of free extractant concentration on the extract equilibrium 
constant. CRH,org,0=0.5kmol/m3,CLa,aq.0= 0.1,0.05, 0.025 kmol/m3

Fig.4 Determination of Kex by using of slope analysis method. 
CRH,org,0=0.5kmol/m3, C La,aq,0= 0.1,0.05, 0.025 kmol/m3

Table3 
Extraction equilibrium constants at each feed La concentration 

CLa,aq,0 [kmol/m3]             intercepts   Kex[-] 
0.1                          3.81      1.55×10-4

0.05                         3.83       1.48×10-4 

0.025                      4.18       6.61×10-4 

Fig.5 Effect of hydrogen ion concentration on the distribution ratio. The 
comparison of observed distribution ratio (plot) with predicted 
distribution ratio (broken and dotted line). 

CRH,org,0=0.5 kmol/m3, CLa,aq,0=0.1, 0.05, 0.025 kmol/m3

From Eq (6) and (7), the distribution ratio at each hydroxide 
concentration, could be predicted by CLa,aq,0 and CRH,org,0. 

The measured distribution ratios and the predicted 
distribution ratios obtained by using of the value of Kex in 
Table3 are shown in Fig.5. 

The predicted distribution ratio could express the measured 
data well when CLa,aq,0= 0.05kmol/m3 and 0.025kmol/m3, but 
when CLa,aq,0=0.1kmol/m3, it cannot express all distribution 
ratio . 

To express the distribution ratio of CLa,aq,0=0.1kmol/m3 , the 
extraction reaction was assumed to be Eq (8).

                 (8) 
Fig.6 shows the slope analysis method to determine m and 

Kex in Eq(8) . 

Fig.6 Determine of Kex and m by using of the slope analysis 
method 
CLa,aq,0=0.1 kmol/m3, CRH,org,0=1.0 kmol/m3

Fig.6 shows that Kex is 10-7.91 and m=5.68. The solid line in 
Fig.5 compares the predicted obtained from Fig.4 and Fig.6
with measured data. Fig.5 shows that the prediction line 
obtained from Fig.6 (solid line) can express the measured plot 
better than that of from Fig.4 (dotted line). 

4. Conclusions  
Extraction La hydroxide with PC-88A by using of solvent 

extraction was achieved. 0.5kmol/m3 PC-88A was appropriate 
to extract 0.1kmol/m3 feed La hydroxide and nitric acid for pH 
control was unnecessary. 

The ratio of free extractant may have relation to the 
extraction reaction. And concentration of feed La has relation to 
the extraction equilibrium constant.  

Nomenclature 
Ci       = concentration of i                                 [kmol/m3] 
K e x     = e x t r a c t io n  e q u i l i b r i u m  c o ns t a n t                [ - ] 
E       =extraction degree                                    [-] 
D = d i s t r i b u t i o n  r a t i o                            [ - ] 
(RH) 2 =d imer ic  s pec ies  o f  ext rac tant              [kmo l/ m3 ] 
<Subscripts> 
0        =aqueous or organic feed solution 
aq       =aqueous phase 
org      =organic phase 
<Superscripts> 

       =organic phase species 
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INFLUENCE OF CIRCUMFERENTIAL STRAIN OF DISK SURFACE
ON PIN-ON-DISK ADHESION CONTACT

Student Number: 08_21493  Name: DOOYOUNG BAEK Supervisor: KUNIO TAKAHASHI

1. Introduction
Applications using the adhesion contact between solids are 

studied in various fields including joining technology and 
micro manipulating technology. And, the surface state of 
elastic body which forms an interface with rigid body is the 
most important variable in the adhesion phenomenon, 
because “work of adhesion” (the energy change from surface 
to the interface per unit area) is used to analyze the adhesion 
phenomena. In those studies, the influence of deformation of 
elastic surface on adhesion mechanism is not yet clarified 
theoretically and experimentally. As practical problems on 
using adhesion contact for application [3], we discuss the 
influence of deformation by adding circumferential strain of 
disk surface on Pin-On-Disk adhesion contact using the JKR 
theory [1] in this study.

2. Pin-On-Disk adhesion contact model
Fig 1 shows a schematic illustration of the model used in 

this study based on JKR theory [1].

Figure 1 Schematic illustration of JKR theory.
is circumferential strain of disk surface.

The relation between the equilibrium state of total energy 
and the contact radius can be expressed as

where is Young’s modulus, is the Poisson ratio, is 
sphere’s radius, a is radius of contact area, is displacement 
of rigid sphere, is adhesion force and is the energy 
change from surface to the interface per unit area. The 
relation between the equilibrium state of displacement ,
force and contact radius can also be expressed as

by using the JKR theory [1].

3. Experiment
Experiments to measure the force between the elastic plane 

and the rigid sphere were carried out by controlling the
displacement using experimental system as shown in fig 2.
Generator of circumferential strain of disk surface (GCD) 
was manufactured for this experiment is shown as fig 2(b) 
and fig 3. A semitransparent silicon rubber sheet of 60×60×10

[mm] and Young’s modulus [Pa] was used as 
the elastic plane which is set on GCD, and a Plano-convex
spherical lens of diameter φ30 [mm] and radius of curvature 
R=207.6 [mm] was used as the rigid sphere which is set on 
LFB in fig 2(a). The displacement was applied vertically by 
stage in fig 2(c), and the radius of contact area during the 
experiment process was observed using an optical 
microscope in fig 2(d), and the force was measured by a 
balance in fig 2(e). The experiment was done in an acrylic 
box to avoid the effect of dust and moisture, and indoor 
temperature was fixed at 22°C. First step of experimental 
procedure is loading the sphere to elastic plane up to 60μm 
by 1μm step. Second is unloading the sphere by 1μm step to 
separate from elastic plane. Third is adjusting circumferential 
strain on disk surface to 2.5%, 5%, 10% and repeat the 
experiment from first step. And, wait 30 seconds both on 
loading and unloading process between 1μm steps.

Figure 2 Schematic illustration of the experimental system.

Figure 3 Photographs of Generator of circumferential strain of 
disk surface(fig 2(b) : GCD)and Lens fixing base(fig 2(a) : LFB).

4. Experimental result and discussion
In the JKR theory, the static condition is assumed. But,

discussing the influence on dynamic condition is also needed,
because of using elastic adhesion contact on various 
applications. Therefore, in this study, we carried out the 
experiment on dynamic condition as the first objective.

As preliminary to discuss the influence of circumferential 
strain from the experimental result, we need to remove some 
experimental variables. Experiment result of fig 4 shows 
dominant trend of occurrence of hysteresis between loading 
and unloading process is due to the instability caused by the 
dynamic factor on this experiment. First of all, from change 
of forces for 30 seconds at each point (a) to (h) in fig 4 and 
fig 4 , experiment process is carried out before the force be 
stable. Also, contact radius constant area (c) to (e) in fig 4
and fig 4 is observed for the energy gradient in the 

55



Figure 4 Relation between loading/unloading and time 
dependence of each (a)~(h) point, force-displacement, 

displacement-contact area, force-contact area.

measured values are nearly flat. Therefore, it was considered 
that the hysteresis is observed commonly in this experiment.

The experimental results of applying circumferential strain
on disk surface ( =0%, 2.5%, 5% and 10%) are shown in fig 
5(a). We can calculate the parameter work of adhesion which 
is the important parameter for identify the influence of 
circumferential strain by energy condition of experimental 
data and [2]. And work of adhesion is decrease as increasing 
the circumferential strain of disk surface as shown in legend 
of fig 5(a), , ,
and . The relation between force and 
displacement by using the calculated value of work of 
adhesion and equation (2), (3) is shown in fig 5(b). As a 
result of loading process, regularity of decreasing of work of 
adhesion as increasing the circumferential strain of disk 
surface is observed in experimental result on fig 5(a). On the 
other hand, irregularities are observed in unloading process of 
experimental result on fig 5(a). In addition, maximum 
adhesion force in unloading process of experimental result is 
completely irrelevant as shown in fig 5(a). Overall, hysteresis 
of experimental result is observed in common as analyzed by 
using circumferential strain on disk surface =0% of fig 4. 
And, there is no relationship of maximum adhesion force on 
fig 5(a) with calculated value of work of adhesion on fig 5(b) 
completely. But, in the macroscopic point of view, 
experimental result of fig 5(a) behaves similarly regardless of 
the circumferential strain on disk surface.

Figure 5 Experimental result of relation between force-displacement
when circumferential strain is applied =0%, 2.5%, 5%, 10% (a),

Its theoretical line when Δγ=0.036, 0.034, 0.030, 0.028 (b)

5. Conclusion
The influence of deformation of elastic surface on adhesion 

mechanism is confirmed by applying circumferential strain 
on disk surface of pin-on-disk experimentally. There are trend 
of decreasing of work of adhesion as increasing the 
circumferential strain. But, unstable conditions of energy 
both loading and unloading process occurs due to the 
dynamic elements of the experiment. From perspective of the 
applications using elastic adhesion contact phenomenon in 
manipulation, surface strain (or deformation) of elastic body 
is determined to be almost negligible in dynamic condition,
because the effects of surface strain is less than the impact of 
other factors such as surface washing method, material of 
elastic body and etc. However, this study needs to be more 
researched in terms of explain this phenomenon fully by 
theoretically in static condition.
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Optimum Duty Ratio of Boost Switching Regulator for Charging

Tiny Electric Energy to Capacitor

Student Number: 08 22021 Name: Yoshito HONDA Supervisor: Kunio TAKAHASHI

1 Introduction

Various kinds of energy sources exist. But some of
the sources are hard to be used, because these energy
is very small. So, the energy is wasted or unused. In
this study, tiny electric energy is defined as electric en-
ergy which has too small open circuit voltage or too
small short circuit current to use directly. A capacitor
is used as a storage devise,since the internal resistance
of the capacitor is usually lower than that of recharge-
able battery [1]. In order to utilize tiny electric energy,
a boost switching regulator is required(Fig.1) to accu-
mulate it [2].
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Fig. 1: Boost switching regulator

In this study, the converter is modeled to obtain an-
alytical solution. The optimum duty ratio which max-
imizes the stored energy into the capacitor per unit
time is obtained from the analytical solution of the
converter. The relation between the optimum duty ra-
tio and the bounder of the applicable area of the model
is discussed.

2 Model of Switching Regulator

In this study, in order to adjust all scale of the energy
storage system, a rough model of switching regulator
is constructed. The power source is assumed to have
the linear I-V characteristics with internal resistance
RP. In order to obtain the analytical solution, the
inductor is assumed as a resister RL with inductance
L, the diode is assumed as a resister RD and the FET
is assumed as a switch with resistance RS, respectively.
R1 and R2 are given by R1 = RP +RL +RS and R2 =
RP + RL + RD. Vin is the open circuit voltage of the
power source. For the purpose of the accumulation and
the utilization of the tiny energy, capacitance is needed
to be enough large. So, the capacitor can be assumed
as buttery with a constant voltage Vout. Because the
energy efficiency is not considered in this study, the
energy loss of the FET is not taken into the calculation.
Then, the model is shown in Fig.2.

During the switch is on 1, the current increases and
the energy is stored in the inductor and the current of

��� ������
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Fig. 2: Equivalent Circuit

this time is i1. During the switch is on 2, the energy is
released to accumulate in the capacitor and the current
of this time is i2. T1 and T2 are the switching period
on 1 and 2, respectively, and the switching cycle T is
given by T1 + T2 = T . The duty ratio of the switching
regulator is defined as d̃ = T2/T . The gain is defined as
g̃ = Vout/Vin. r̃ = R2/R1 is the normalized resistance.
T̃ = R1T/L is the normalized switching duty ratio.

Considering the boosting process, the voltage of
the capacitor increases very slowly. So, the shape of
the current approaches to a saturated shape as shown
in Fig.3. The current can be expressed as

i1 =
Vin

R1

(
1−g̃
r̃ − 1

) (
1− eβ

)
1− eα+β

e−
R1
L t +

Vin

R1
, (1)

i2 =
Vin

R1

(
1−g̃
r̃ − 1

)
(1− eα)

e−r̃T̃+α − er̃α
e−

R2
L t +

Vin − Vout

R2
, (2)

when α = −
(
1− d̃

)
T̃ and β = −r̃d̃T̃ .

�
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Fig. 3: Switching Cycle and Current

The characteristics such as Vin and the circuit pa-
rameters such as L,R, etc... cannot be changed in the
operation. Vout increases with increasing charge in the
capacitor during the operation. Therefore, the gain
is a given parameter. The control parameter should
be controlled to obtain the efficient accumulation of
the tiny electric energy. Because the Switching period
should be defined considering energy loss of the FET
and resisters, the switching cycle cannot be optimize in
this study. So, only the duty ratio is the controllable
parameter.
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3 Optimum Duty Ratio

The charge accumulated in the capacitor is

q =

∫ T

T1

i2dt (3)

The optimum duty ratio can be obtained by maxi-
mizing,

q

T
=

Vin

R2

⎧⎨
⎩ 1

T̃

(
1− e−(1−d̃)T̃

)(
1− e−r̃d̃T̃

)
1− e−(1−d̃+r̃d̃)T̃(
1 +

g̃ − 1

r̃

)
− (g̃ − 1) d̃

}
.(4)

The optimum duty ratio d̃ should be chosen so that

∂ q
T

∂d̃
= 0 (5)

is satisfied. Eq.5 leads to

g̃ = 1 +
r̃−eα+r̃eβ+2(1−r̃)eα+β+r̃e2α+β−eα+2β

(1−eα+β)2

r̃ − −eα+r̃eβ+2(1−r̃)eα+β+r̃e2α+β−eα+2β

(1−eα+β)2

, (6)

Eq.5 is only a necessary condition of the opti-
mum duty ratio. In order to verify whether condition
of Eq.6 is maximizing condition or minimizing condi-
tion, the sign of ∂2

(
q
T

)
/∂d̃2 should be verified. Since

∂2
(
q
T

)
/∂d̃2 is always negative when

g̃ > 1− r̃ (7)

is satisfied. The gain obtained by Eq.6 is always
satisfied Eq.7. So, Eq.6 shows the most efficient duty
ratio as a function of the switching period, the circuit
parameters and the gain. Eq.6 is plotted in Fig.4. Fig.4
shows the relation between gain and optimum duty ra-
tio. The gain g̃ increases with increasing the voltage
of the capacitor. When the gain is less than 1

1+r̃ , ca-
pacitor should be connected the power source. When
the gain is larger than 1

1+r̃ , the switching regulator is
started to operation and the duty ratio is chosen ac-
cording to the voltage of the capacitor.
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Fig. 4: The Optimum Duty Ratio of Equivalent Circuit

4 Comparing the Conditions

In the equivalent circuit, the diode is assumed to
be a resister. The reverse current might flow to the
inductor when the voltage of the capacitor grows. The
existence of the reverse current makes a failure of the
equivalent circuit because the reverse current cannot
flow to the inductor. The boundary condition which
the reverse current does not flow to inductor is

i1(0) = i2(T ) > 0. (8)

From Eq.8, the boundary condition is obtained as

g̃ <
r̃eβ (1− eα)

1− eβ
+ 1. (9)

From Eq.9, the applicable area of the model in which
the reverse current does not flow is shown in Fig.5.
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Fig. 5: Boundary Condition of approximation

In order to operate the FET without the failure of
the equivalent circuit, the optimum condition is needed
to satisfy Eq.9. The optimum condition is compared
with the boundary condition of the model in order to
verify the relation between both conditions. Then it is
made clear that the optimum condition always satisfies
the boundary condition.

5 Conclusion

The optimum condition of the duty ratio and the
bounder of the applicable area of the model are ob-
tained as functions of the switching period and the cir-
cuit parameters. Comparing both conditions, the opti-
mum duty ratio always satisfies the applicable area of
the model. The optimum duty ratio without the failure
of the equivalent circuit is obtained.
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Wideband IQ Imbalance Compensation Technique

using Spectrum Analyzer

Student Number:08B23061 Name:Yuta Maruichi Supervisor: Jun-ichi Takada, Minseok Kim

1 Introduction
New communication systems are constantly being devel-

oped, as demand for various new wireless applications con-

tinues to increase rapidly. Thus, super high bit-rate mo-

bile systems are strongly desired. However, considering the

recent explosion of mobile Internet usage and congestion

of conventional frequency spectrum (below 3 GHz), it will

be necessary to explore new frequency spectrum which can

accommodate systems with wider bandwidth than current

ones. MIMO (multiple-input multiple-output) technology

has been considered to realize the required performance by

increasing spectrum efficiency.

When MIMO systems using higher frequencies and

wideband signals are utilized, it is necessary to evaluate

the channel capacity. For this purpose, implementation of

a MIMO channel sounder is in progress [1]. To measure

the channel response correctly using the channel sounder,

system calibration is very important. This research focuses

on IQ imbalance compensation for quadrature modulator in

the RF circuit.

2 Narrowband IQ Imbalance Com-
pensation Method

A slight discrepancy in the quadrature modulator causes

an imbalance between the in-phase and quadrature compo-

nents, named IQ imbalance. It should be sufficiently com-

pensated because it causes image (mirror frequency) distor-

tion and generates carrier leakage. By now, lots of com-

pensation methods for IQ imbalance have been intensively

studied.

Assuming that the frequency characteristic of each cir-

cuit component is negligible, the IQ imbalance in quadra-

ture modulator can be simply modeled as Fig. 1, where ε
denotes the amplitude difference, θ denotes the phase offset

or quadrature skew of the quadrature oscillator branches,

and ΔI and ΔQ denote the DC offset components for I and

Q branches respectively [3]. A simpler method using only

spectrum measurement with a spectrum analyzer to get the

amplitude of signal is used, because it is a handy and effi-

cient method providing sufficient accuracy.

From the model, distorted output signal can be written as

z̃(t) = (Ew(t))T (x(t) +Δ)

= z(t) + zei(t) + zec(t), (1)

where z(t), zei(t), zec(t) denote ideal output, image distor-

tion, carrier leakage respectively, and E denote error matrix

of ε and θ, w(t) denote the career wave, x(t) denote base-

band wave, and Δ denote DC offset. In the equation (1), if

the Baseband wave have already distorted as

x
′(t) = (E−T

x(t)−Δ, (2)

ΔI

ΔQ

 π/2+ θ 

1 + ε 

cos(2πfct)

xI (t)

xQ (t)

z (t)

Figure 1: IQ imbalance model of quadrature modulator.

the output signal can be ideally generated. That shows if

the model parameters can be estimated properly, the IQ im-

balance can be easily eliminated using digital pre-distortion

on the original transmit signals. By using the spectrum an-

alyzer, the power spectrum of image distortion and carrier

leakage can be obtained. From the information of ampli-

tude of each component, it is possible to estimate the error

parameters using the algorithm which is proposed in [2].

Then, the output signal can be ideally generated. In this

thesis, the model parameter is optimized to suppress the fol-

lowing values

LIRR =
E[zei(t)]

E[z(t)]
=

(ε2 + 2ε+ 2)− 2(1 + ε) cos θ

4
, (3)

which denotes the image power reduction ratio (IRR) , and

LCRR =
E[zec(t)]

E[z(t)]
=

Δ2
I +Δ2

Q

A2
x

, (4)

which denotes the carrier leakage power reduction ratio

(CRR) after ε and θ are compensated. Ax is the amplitude

of the input signal.

NMSE (Normalized Mean Square Value) is used to esti-

mate the effect of IQ imbalance. From the equaltions above,

it can be derived that NMSE corresponds to LIRR.

3 Wideband IQ Imbalance Compen-
sation Method

By using the method above, the IQ imbalance can be com-

pensated for any specific frequency, but it is valid only for

a narrowband system. If it is used in a wideband system,

the whole band can not be compensated properly. Fig.2

shows the result of narrowband compensation for wideband

signal (-200MHz to 0MHz) that has been compensated at

f0 =6.25MHz. It can be seen as from the figure that the IRR

level increases as frequency is further away from 6.25MHz.
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Figure 2: Wideband signal after narrowband compensation

(f0 = 6.25MHz)

It is because ε and θ that has been estimated at any specific

frequency may not be the optimum value at different fre-

quencies. Thus, it is necessary to alter this simple narrow-

band model into wideband model to perform compensation

over multiple frequencies.

To compensate all frequencies and totally decrease the

IRR level, ε and θ can be regarded as ε(f) and θ(f), so

error matrix E also becomes E(f). In (2), the variable is

time and the signal is compensated in the time domain, but

the variable of the parameters here are frequency, so it is

necessary to use Fourier transform and compensate in the

frequency domain. Thus, distorted signal in the frequency

domain can be written as

X
′(f) = {E(f)T }−1

X(f), (5)

and the distorted signal becomes

x
′(t) = F−1[X′(f)]−Δ, (6)

where F−1 denotes the operator of inverse Fourier trans-

form.

Error matrix is measured at center frequency of each sub-

band individually by dividing the target frequency band into

several number of sub-bands. For narrowband testing, the

IRR level can be decreased as shown in Fig.3. Fig.4 shows

one of the results of wideband testing using wideband com-

pensation method. It is concluded that the wideband IQ im-

balance can be compensated by using the proposed method.

Finally, narrowband testing and wideband testing are

compared in Fig.5. In wideband testing, it includes the ef-

fect of intermodulation, so the NMSE of wideband testing

is worse than narrowband testing.

4 Conclusion
This thesis proposed an automatic wideband IQ imbal-

ance compensation technique for quadrature modulator us-

ing spectrum measurement with a spectrum analyzer. The

method is efficient to reduce the effect of frequency char-

acteristics which occur in wideband systems by dividing

whole band into several sub-bands and compensating at

each sub-band .
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(number of sub-bands, N = 16 ).
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Temperature Distribution Change by Point Contact Current
Student Number: 08B26958 Name: Kazuki WAKABAYASHI Supervisor: Kunio TAKAHASHI

1 Introduction
In industrial world, the Joule heat generation is used to join

materials, such as resistance welding technology, but it can dam-
age the contact point of electro devices, such as relays in high-
frequency application.

A bunch of researches are carried out to understand the heat
generation[1]∼[6]. In the electro devices investigation, researches
are carried out to investigate temperature distribution of the de-
vices for preventing melting[2] [3]. In the welding technology,
researches are carried out to investigate the melting condition [4]

[5]. For those, temperature distribution change is important to
estimate if material melts because it is possible to estimate if ma-
terial melts to compare the temperature with the malting temper-
ature of a material.

In order to get temperature distribution change, numerical anal-
yses using FEM( Finite Element Method) are carried out to ob-
tain the temperature distribution change inside a material[6] under
the point contact of two materials. However, the treatment of a
singular point is unclear. Around a singular point, the energy is
concentrated and it has large affection to temperature. Further-
more, the result can not be applied to the system in which differ-
ent material is used or different scale is settled. Then, the temper-
ature distribution change which is available for various systems
is needed. In this research, we focus on obtaining an analytical
solution of temperature distribution change which is useful for
estimation of the melting condition.

2 Derivation of theoretical equation of temperature
distribution change by point contact current

2.1 Semi-infinite solid model

A semi-infinite solid system to which current flows from a
point is considered as a model. The heat which occurs at r1 prop-
agates to r by heat diffusion and reflection at surface.

In the calculation, an infinite solid system to which current
2I[A] is applied is introduced because the sum of heat increase at
r in the infinite system is equivalence to that in the semi-infinite
system to which current I[A] is applied.

Heat loss from surface to atmosphere is assumed negligible
because the loss is generally small compared with temperature
increase by heat propagations in the solid. Since phase transfor-
mation is not considered, latent heat is assumed negligible. Even
though materials are not homogeneous because of surface oxida-
tion and others, material constants( specific heat, density, resistiv-
ity, thermal diffusivity) are assumed homogeneous to investigate
a simple system, and not to change during the heat generation.
2.2 Heat equation

Heat equation is

∂T (x, y, z, t)

∂t
= DΔ T (x, y, z, t) (1)

where Δ is Laplace operator. When a quantity of heat dδq(r1)
[J] is deposited instantaneously at r1 at t = τ , the solution at r

at t (> τ) is given as (2).

dδT (r, r1, t, τ) =
dδq(r1)

Cρd

1

(4πD(t− τ))3/2
exp

(
− (r1 − r)2

4D(t− τ)

)
(2)

The energy source of this system is current. The current density
distribution of the system to which current 2I[A] is applied to
origin is expressed as i(r1) = 2I/4π|r1|2 = I/2π|r1|2. There-
fore, instantaneous heat input dδq(r1)[J m−3 ] at r1 is given as
follows,

dδq(r1) = ρ

(
I

2π|r1|2
)2

δtdv (3)

where ρ[Ω m] is resistivity, δt is differential time, dv is differen-
tial volume. Temperature distribution change is obtained by sub-
stituting Eq. (3) for Eq. (2) and integrating it for space r1 ≥ 0

and for time t ≤ theat. However the result diverges due to the
singular point of heat input at the origin.
2.3 An approximation for removal of the singular point

In this system, current density distribution i(r1) is proportional
to 1

r12 , so it diverges at the origin. In fact, there is an area at the
contact between electrode and solid and current density has finite
values. Therefore, this model is not appropriate as a model of the
heat generation.

An contact area a is defined as shown in Fig. 2. In the out-
side of semi-sphere whose radius is a, the current density is pro-
portional to 1

r12 since it is not affected by the existence of the
contact area. Inside of the semi-sphere, current density seems to
have complex distribution. Even though, it is reported that the
current density has distribution which has peak at r = a [6], in
this research, the purpose is to roughly estimate the melting con-
dition. Therefore, a simple approximation that current density
inside r ≤ a is constant is introduced. The constant value is
set to obtain a upper/lower limit of temperature and the limits is
compared with melting point for estimation of melting. Fig. 1
shows two ways of approximations:

In order to obtain the lower limit, an approximation(1) current
density distribution inside r ≤ a is the value of current density at
r = a, is introduced. In this approximation, less energy amount
is considered than input energy so that it provides us a lower limit

��������	
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Fig.1 An approximation of
current distribution in r ≤ a

Fig.2 Current distribution
with contact area
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of temperature. In order to obtain the higher limit, an approxima-
tion(2) current density distribution inside r ≤ a is the value of the
average of current density in 0 ∼ a is introduced. The average
of current density iave(a) is 3I

2πa2 , the value of current density at
r = a is I

2πa2 . The approximation(1) has same energy as input
energy so that it provides us the rough upper limit of tempera-
ture. By those approximations, we can obtain the rough range of
temperature.
2.4 Nondimensionalization of T (r, t)

　 Nondimensionalization is carried out as follows: t̃ =

t/theat, τ̃ = τ/theat, r̃ = r/a, r̃1 = r1/a and D̃ = 4D
a2/theat

.
In addition to those, T is nondimensionalized as

T̃ (r̃, t̃) =
T (r̃, t̃, a, theat)− T0

2 ρ
Cρd

(
I
2π

)2 ( theat

4πD

) 1
2 1

a3

(4)

Normalized temperature distribution is finally obtained as fol-
lows. In the case of period of heat input (t̃ ≤ 1),

T̃ (r̃, t̃) =
1

2r̃

∫ τ̃=t̃

τ̃=0

1

(t̃− τ̃)1/2⎡
⎣ +c2

∫ r̃1=1

r̃1=0
r̃1

{
exp

(
− 1

D̃

(r̃1−r̃)2

t̃−τ̃

)
− exp

(
− 1

D̃

(r̃1+r̃)2

t̃−τ̃

)}
dr̃1

+
∫ r̃1=∞
r̃1=1

1
r̃31

{
exp

(
− 1

D̃

(r̃1−r̃)2

t̃−τ̃

)
− exp

(
− 1

D̃

(r̃1+r̃)2

t̃−τ̃

)}
dr̃1

⎤
⎦ dτ̃

(5)

In the case of period after heat input finishes (t̃ > 1),

T̃ (r̃, t̃) =
1

2r̃

∫ τ̃=1

τ̃=0

1

(t̃− τ̃)1/2⎡
⎣ +c2

∫ r̃1=1

r̃1=0
r̃1

{
exp

(
− 1

D̃

(r̃1−r̃)2

t̃−τ̃

)
− exp

(
− 1

D̃

(r̃1+r̃)2

t̃−τ̃

)}
dr̃1

+
∫ r̃1=∞
r̃1=1

1
r̃31

{
exp

(
− 1

D̃

(r̃1−r̃)2

t̃−τ̃

)
− exp

(
− 1

D̃

(r̃1+r̃)2

t̃−τ̃

)}
dr̃1

⎤
⎦ dτ̃

(6)
3 Result of theoretical analysis
3.1 Temperature Distribution Change

Fig. 3,6 shows the result of Eq. 5,6 with approximation(1)(2)
where D̃ = 4D

a2/theat
= 100. Note that D̃ is defined by thermal

diffusivity D, contact area a, heat input time theat.
Fig. 3,5 shows the temperature change with time. Temperature

is monotonically increasing with time in the period of heat input.
When heat input finishes (t̃ = 1), temperature changes as dif-
ferential coefficient is noncontinuous. This is because heat input
suddenly disappears. Temperature goes back to initial tempera-
ture with sufficient passage of time.

Fig. 4,6 shows temperature distribution. The temperature is
highest at origin and is monotonically decreasing with distance
from origin.
4 Conclusion

A theoretical equation of temperature distribution change is ob-
tained for investigating heat generation phenomena by point con-
tact current with considering the model that semi-infinite solid to
which current is applied and with introducing an approximation
that current distribution is constant inside r ≤ a, under the as-
sumptions that material constants are constant and latent heat and
radiant heat are negligible. Given material, contact area, heat in-
put time and input current, we can estimate if the material melts
by the result. If material melts, we can also roughly estimate
when the melting occurs. Fig. 5,6 simply express the result that
shows relationship between temperature and time and the rela-
tionship between temperature and distance from the origin.
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Fig.3 Temperature change
with time in the approximation
(1) (D̃ = 100)
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Fig.4 Temperature change
with distance from heat origin
in the approximation (1)
(D̃ = 100)
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Fig.5 Temperature change
with time in the approximation
(2) (D̃ = 100)
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Fig.6 Temperature change
with distance from origin in the
approximation (2) (D̃ = 100)
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