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Study on Damping Performances of New Link Device
using Granular Materials

Toshiaki MAKINO™!, Michio §EBATA*2, Muneo F*URUSE*%
Takeshi KAWASAKI ™ and Taichi SATO™

Abstract

Noise reduction and vibration controls of high-speed railways are required to improve the inter-noise characteristics of
aluminum car body systems, such as Shinkansen and express trains. However, it becomes difficult to maintain the
vibration control of the traction rod between the car body and the car bogie. In this paper, to improve the damping
performance of the traction rod, we have proposed the new type of noise-reduction link mechanism using granular
materials. Factors that affect the damping performance are examined through an experimental study. A new type of
noise-reduction link mechanism is considered via examining the damping performance with granular mass and friction
effects. Finally, in the experiment of the vibration bench test, a new type of noise-reduction link mechanism is improved

by max. 11 dB in comparison with the conventional one.

Key Words : Damping, Vibration Control, Noise Reduction, Granular Materials, One Link Device,

Railways

1. Introduction

As trains become faster, high-speed railway
vehicles are increasingly required to provide a low
noise passenger car environment as well as
lightweight car bodies, better energy-saving
performance and improved ride comfort (1) (2).

However, there are a number of disadvantages in
reducing indoor noise, such as increased vibration
and noise stemming from high-speed operation, and
the reduced sound isolation and absorption
performance of lightweight car body structures.
Another problem currently in focus is the
low-frequency  indoor  noise  caused by
low-frequency vibration in coasting (3). In
particular, it is necessary to reduce the n-fold
components of low-frequency vibration (160 to
315Hz) that are found in the revolution of motors
and gears in the truck driving system. This makes
it important to research cutting vibration
transmission routes (such as the traction rod and
yaw dampers arranged between truck and car body)

and drastically reduce their  vibration
transmissibility.

Shiohata et al. (4)(5) proposed a method to
evaluate the radiation noise of low-frequency
vibration in the 200Hz band that propagates from
car bogie to car body, based on tests using a
life-size model of car body structure. It was
demonstrated that application of a damping material
in the panel section of the car body structure
improved the damping effect. Tanaka et al. (6)
improved the aluminum car body and inner
structures for high-speed railways to reduce noise,
proposed the indoor noise reduction technique
adopted in their study, and discussed the practicality
of the aluminum car body structure with a damping
material applied to panel sections.

Oda et al. (7) developed a method of predicting
indoor noise and a noise reduction technology to
apply the method, and clarified its noise reduction
effect in running tests. The three of them alike
attempted to establish a noise prediction method
and proposed a low-noise car body structure using a
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number of damping materials in hollow aluminum
sections. However, the method of using bulk
damping materials makes the car body heavier and
requires a design that incorporates optimal
arrangement of the damping materials.

This study is aimed at minimizing increases in car
body weight, noting that about 70% of indoor noise
is caused by longitudinal vibration propagating
from the truck driving system to the under-floor car
body bolster beams through the traction rod. The
study also clarifies the characteristics of the
vibration transmissibility. A traction rod using
granulars (i.e., a noise reduction link device) was
devised to drastically reduce the vibration
transmittal ratio in the 200Hz band (8).

Araki et al. (9) implemented basic research in the
advanced field of granulars, clarified the damping
characteristics of granular impact dampers, and
attained a damping effect on a horizontal vibration
system in the 7.5Hz band.

Sato et al. (10)- (12) used a multi-impact damper
to clarify the damping effect of a cantilever beam in
the 2Hz band. However, no discussion was made on
damping caused by the friction behavior of
granulars.

In researching a granular impact damper using a
cylindrical vessel, Saeki (11) determined the
damping effect in the 10Hz band through
calculation and testing. Any of these three cases
are reported in theses discussing the damping effect
of several hertz bands.

This paper discusses the composition of a noise
reduction link device for high-speed railway
vehicles, the basic characteristics of the granulars
contained in the link, element tests, and another
damping effect in the 200Hz band.

2. Problems with one link device and the
purpose developing a new link device

2.1 Problems with one link device

The truck for railway vehicles(see Fig.1) is a
running gear consisting of truck frames, wheels,
axles, a primary suspension system (elements
connecting bearing boxes and truck frames), a
secondary suspension system (air springs, left and
right yaw dampers, a one link device and other
elements connecting truck frames and car body), a
traction motor, gears, couplings and brakes. The
elements that connect the car body and the truck are
air springs, yaw dampers and a one link device.
There are two air springs (one each on the left and
right of the truck frame) to support the car body
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weight, and two yaw dampers (one each on the
front and rear between car body and truck) to
improve the stability of lateral motion. The one
link device is an element to transmit longitudinal
forces (vertical, lateral and yawing) from the truck
to the car body.

Figure 2 shows the characteristics of passenger car
noise in a high-speed railway vehicle running at
270km/h. The figure indicates that the indoor
noise level is the highest in powering and coasting
at 160 to 250Hz in the 1/3 octave central frequency
band. More specifically, the sound pressure is
significantly higher (about 3dB in terms of the
overall OA value) in coasting than in powering,
though this is not shown explicitly in the figure (13).
The low-frequency vibration at the peak noise of
160 to 250Hz is caused by the motors, gears,
couplings and other devices in the rotating system.
This vibration resonates with that of the car
body-fixing point and propagates through the
one-link  mechanism. As a result, the
low-frequency vibration in the low-frequency band
propagates from the truck driving system to the car
body through the one link device, and is emitted in
passenger cars. It is this vibration that needs to be
reduced.

2.2 Purpose developing a new link device

The conventional one link device transmits
vibration from the truck driving system directly to
the car body. With this mechanism, therefore,
damping can be expected only by applying rubber
vibration isolators to both ends in the peak
frequency band. To offset this drawback, the
authors devised a system whereby approximately a
million granulars are enclosed in a hollow space in
the link. This converts the truck's vibration energy
into kinetic energy in the granulars, and accelerates
friction damping among the granulars and between
the granulars and the link side wall. The transmittal
ratio of the truck's vibration to the car body is
thereby reduced (see Fig. 3 for the composition of
the noise reduction link device).

The granulars placed in the link are excited by
vibration (on the left of the figure) and move in a
lateral direction, reducing vibration at the car body
fixing point on the right. In the case of a
conventional one link device, the rubber vibration
isolators (with a spring constant of 8,620MN/m) at
both ends were softened, shifting the peak
frequency (eigenvalue) to the low-frequency side to
affect damping. Since a fluctuating force of
several tons works in the longitudinal direction,
however, the softened rubber vibration isolators
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posed a problem in terms of strength and
reliability.

The authors therefore devised a noise
reduction link mechanism without changing the
hardness of the rubber vibration isolators, and used
it to reduce the vibration level in the peak
frequency band (at an eigenvalue of about 200Hz).
Figure 4 shows the principle of the noise reduction
link mechanism. The following equations give
the energy of the whole system of multiple
granulars moving laterally in the figure.

Yaw damper

Fig.1 Configuration of railway truck

Sound pressure level (dB)
Vibration level (g)

Fig.2 Noise and vibration result of running
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The symbols in the above equations are defined as
follows:

mo: Mass of one-link mechanism

K: Spring constant of rubber vibration isolator

C: Damping coefficient of rubber vibration
isolator

x: Forced displacement

y: Displacement of mass m0

zi: Displacement of granulars mi (i=1, 2, ..., n)

Ei: Young's modulus

vi: Poisson's ratio

ri: Radius of granular

on: Displacement

collision
e: Restitution coefficient

in normal direction at

The restoring force spring constant and damping
coefficient of the granulars when they collide with
each other or with the inner wall of the one-link
mechanism (Kni and Cni in equations (2) and (3))
were derived from equations (4) and (5) in
reference (11). However, these values will be set
at 0 when collision does not occur.

Fig.3 Conceptual configuration of noise reduction
link mechanism
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Fig.4 Model of noise reduction link mechanism
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In equation (1), the first and second terms on the
left side represent the energy of the one link device.
The third term gives the energy of multiple
granulars. On the right, the first and second terms
represent the energies put into the mechanism by
forced displacements from outside. The third term
gives the energy dispersed by the damping elements
of the mechanism. The fourth and following terms
represent strain energy, dispersed energy and other
energies at collision. To reduce the energy put
into the one-link mechanism from outside by forced
displacements, therefore, the energy of the
granulars and the energy damped by the one-link
mechanism have only to be increased.

The purpose of this study is to use granulars
contained within a noise reduction link device to
damp the low-frequency vibration (160 to 250Hz)
that propagates from the truck to the car body, or to
drastically reduce the vibration transmittal ratio of
the noise reduction link device.

3. Noise reduction link device and element
tests

3.1 Method of element tests

Figure 5 shows the element test apparatus for
the noise reduction link device. Fig. 6 shows the
apparatus for measuring the vibration transmittal
ratio. The noise reduction link device is set at the
position of the supports on the truck and car body
sides. It is excited by an electrodynamics exciter
fixed to the right side, and outputs a swept sine
wave signal at 160 to 350Hz. Here, the authors
installed a vibration accelerometer on the link and
another on the truck, and measured the vibration
transmittal ratio between the two sides with an FFT
analyzer to clarify the damping effect of the
noise-free link device.

In this element test, the authors adopted two
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systems (inside and outside granular placing
systems) and clarified the damping effect of the
noise reduction link device with different granular
masses, materials and filling ratios. The granular
filling ratio is taken as 100% when the hollow
space of the link is completely filled with granulars.
The inside granular placing system (Fig. 7) inserts
multiple granulars into the hollow space of the link
(mass: 18.3kg). This system prevents the granulars
from being scattered by flying stones or degraded
by rain or other environmental conditions. The
outside granular placing system (Fig. 6) arranges
multiple cylinders filled with granulars around the
link. This system makes it possible to freely
increase or decrease the granular mass, thereby
facilitating verification of the damping effect at
different masses. To maximize the damping effect
of the granulars, the authors fixed hollow cylinders
around the link wrapped with a rubber sheet.

Accelerometer of
one link body

Accelerometer of
vibration generator

One link body

B \/ibration
generator

Support of Band
one link body

Support of
vibration generator

Fig. 5 Experimental setup using vibration generator

Accelerometer amp.

B Vibration
signal

Vibration generator

Fig. 6 Photographs of measuring apparatus



Study on Damping Performances of New Link Device using Granular Materials

One link device

Granulars

Fig. 7 Photographs of sealed in granulars

3.2 Characteristics of granulars

The authors used spherical and non-spherical
granulars of Imm in diameter (used for ball
bearings) made of iron, plastic and lead.
To measure their basic characteristics (material
constant, compression ratio and the restitution
coefficient related to the damping effect), the
authors performed a strength test, applying a
compressive load of 4.9N to the granulars with
micro-compression  tester  from  Shimadzu
Corporation (Figs. 8 to 10). Figure 8 shows the
appearance of a spherical lead specimen after the
test, with spherical configuration restored, although
showing some deformation. Figure 9 (a) shows
the relationship between the compressive load and
the displacement of a spherical lead specimen,
which was linearly deformed to 20pum by the
compressive load but returned to 18um when the
load was removed. The average compression ratio
of three lead granulars was 1.62%, and the average
restoring ratio was 0.21%. The non-spherical lead
granular shown in Fig. 9 (b) showed non-linearity at
the start of compression. It deformed to 23um
under a compression load of 4.9N, and returned to
24pum when the load was removed. The average
compression ratio was 2.27%, and the average
restoring ratio was 0.18%. These results indicate a
larger hysteresis characteristic and easier energy
conversion with non-spherical lead granulars than
with spherical ones.

Fig. 8 Photographs of granular after experiment

ol

50 T
= [ 111
g L
= U
0.0 //M]}

0.0 100.0
Compressible displacement (/m)
(a) Load-compressible displacement

using spherical granular material

iy
=l
S

0.0 100.0
Compressible displacement (v m)

(b) Load-compressible displacement
using spherical less granular material

Fig. 9 Static characteristics of granulars

Figure 10 (a) shows the test apparatus
manufactured by the authors to verify the collision
damping effect of granulars, and Fig. 10 (b) the test
results obtained with the apparatus.

The authors dropped an unconstrained iron
column (mass: 1,500g, material SK 3) onto multiple
lead granulars (diameter: 1mm, total mass: 50g,
both spherical and non-spherical) contained in a
case, and measured the impact damping
characteristics of the granulars with a load cell at
Ims sampling (see Fig. 10(a)). Multiple lead
granulars are contained in a case, colliding with the
dropping iron column. Thus, there were three test
conditions: containing spherical lead specimens,
non-spherical lead specimens and no specimens.

The impact force determined from the impact-time
waveforms was 5,300N (Max.) with empty case,
2,900N(Min.) with case containing spherical
specimens and 2,000N(Max.) with case containing
non-spherical specimens. The convergence time
was the shortest with the empty case and the longest
with the case containing non-spherical specimens.
The impact force of the non-spherical specimens
was smaller than that of the spherical ones. Because
the kinetic energy of the column mass was
converted into the friction energy of the granulars,

L T S R AR e R 22
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or because the restitution coefficient was smaller
due to the column not rebounding after hitting the
granulars.  The impact force (by trapezoidal
integration) was 0.82Ns with the spherical
specimens and 0.78Ns with the non-spherical
specimens.

30

250

I Height of impactor
<] p

Granulars
|| Case
[—
Load cell = Impact amp.
[+-Base 888
0oo
(@)

(a) Experimental setup using granulars

8000

7000 ! | F
~ 6000 E
z |
£ 5000 i

8 4000f— / \+— NO granuilars
L 3000 HHlH_ | 1}
E 2000 \et— Spherical Iefad bgllﬂ
2 1000 «— Spherical less
£ O] N[N, leadball
-1000 | | I | I i |

0 02 04 06 08 10 12 14 16 18 20

Time (ms)
(b ) Time-history of impact force

Fig. 10 Experimental result of impact force
using impactor and granulas

Table 1 summarizes the above results and shows
basic specifications of the granulars used in this
study. When judged from the material's constant
and measured characteristics, non-spherical
specimens had the largest specific gravity and
damping effect (small impact and restitution
coefficient), where the ratio of the column height at
the start of dropping to the restitution height was
taken as the restitution coefficient.

Table 1 Specification of granular materials

Elastic factor Damping parameters
Specific | Young's [Poisson’s| Compress|_ . . Rebound
gravity [modulus | number lon  [Retaining Impulse | coefficient
() [(GPa)| () | (%) | (%) [(N-SYI (-
Steel ball 7.88 20.5 0.39 0.27 0.24 - 0.5
Plastic ball 1.14 0.24 0.31 7.87 4.1 - 0.22
Sphere 11.4 14 0.39 1.62 0.21 0.82 0.09
Leadballl g rereless| 114 | 14 | 039 | 227 | 018 | o078 | 004
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4. Test results and discussion

4.1 Damping effect of the inside granular placing
system

Figures 11 and 12 show the test results with
different granular diameters, materials and granular
filling ratios. Figure 11 shows the damping force
output from the electrodynamics exciter in Fig. 5,
where vibration level 4 (which generates the
maximum damping force of about 2m/s2) was set to
output a damping force 18dB higher than that at
vibration level 1. Each vibration level was set to
make the damping force flat at 160 to 250Hz.

20 T I
—_ Vib. 4
g 10 MWP\\ R RRPOV AV
Q //VW Vib. 3 \__ A
3 0 [\M Vib. 2 H\ Y]
> 7 p——
2 ww_l____/_
-§_10 //Vw Vib. 1 \ PN
[
il

-20

100 150 200 250 300 350
Frequency ( Hz )

Fig. 11 Vibration spectrum of vibration generator

Figure 12 shows the damping performances of
spherical lead granulars (diameter: 1mm, mass:
3.05kg, mass ratio: 16.7%, filling ratio: 90%).
When the exciting frequency was increased from a
value lower than the natural frequency (peak
frequency 230Hz) of the noise reduction link device
as shown in Fig.11, a damping effect gradually
emerged (or the vibration transmission ratio
decreased). With a large exciting force (vibration
level 4), the vibration transmittal ratio decreased as
the frequency approached the peak of 230Hz. The
damping effect produced a value of -3dB in
comparison with the conventional device without
granulars. Here, this demonstrates that the
vibration transmission ratio does not change when a
noise reduction link device without granulars is
used, even when the exciting force is increased
from vibration level 1 to 4.



Study on Damping Performances of New Link Device using Granular Materials 7

N
(S

Conventional one
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: Without granulars
Vib. 1
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X\ -3dB
Vib. 2

| Vib. 4

With granulars
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o

10 Vib. 3

Vibration transmittal ratio ( dB )
&
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100 150 200 250 300 350

Frequency (Hz)

Fig. 12 Comparison of damping performances with
inner spherical granulars

Therefore, when the exciting force is small, the
vibration energy of the noise reduction link device
is hardly converted into the kinetic energy of
granulars at all, as they do not move very strongly.
In other words, no damping effect emerges, as the
mass of the granulars works as an additional mass
to that of the noise reduction link device. In
contrast, when the exciting force is large, the
granulars work as dispersed masses, thus increasing
the energy conversion efficiency. The peak
frequency therefore tends to approach the natural
frequency of the noise reduction link device.
When the damping force increases further, the
vibration energy of the noise reduction link device
is transmitted to the granulars, which repeatedly
collide. This increases their kinetic energy and
gradually reduces the vibration energy of the noise
reduction link device. As a result, the vibration
transmittal ratio decreases. Compared with the test
results of a link using spherical steel granulars
(density: 7.86g/cm3), the above link using lead
granulars  (density: 11.4g/cm3) reduces the
vibration transmittal ratio to a larger degree (not
shown in the figures). Smaller granulars increase
the filling ratio of granulars in the hollow space of
the link, which in turn increases the granular mass
and tends to increase the damping effect.

Granular
hole e
2 LRI -
LK 8‘ &
Granulars Impactor

Fig. 13 Impactor with built in granulars

20 \Witn granutars__Conventional one
Vib. 1 ithout granulars
15— vip. 2 Y i
. ‘ -6dB
— Vib. 3 \

Vib. 4 \

27\

100 150 200 250 300 350

Vibration transmittal ratio ( dB )
>

Frequency (Hz)
Fig. 14 Damping performances with other impactor

4.2 Damping effect of the outside
placing system

Figures 13 to 16 show the composition of the
cylinder used for the outside granular placing
system and its test results. The cylinder, with an
outer diameter of 34mm and a length of 150mm,
contains 1-mm granulars as well as other types. It
aims to convert its vibration energy into the kinetic
energy of granulars or friction energy between
granulars.
Figure 14 shows the damping effect with the nine
cylinder sets shown in Fig. 13 (cylinder mass:
5.08kg, granular mass: 3.58kg, total mass: 8.66kg)
directly placed around a link. The figure shows
that a peak frequency exists around 190Hz at
vibration level 1, which is about 40Hz lower than
that (230Hz) of the conventional link device
without granulars.  As the exciting force increases,
the peak frequency shifts to the high-frequency side
(200Hz) as outlined above. This improves the
damping effect by about -6dB compared to a
conventional link device without granulars.
Figure 15 shows the damping effect of the whole of
the nine cylinders (mass: 8.66kg) in Fig. 14 when it
is placed around a link wrapped with a rubber sheet
Imm thick. As the damping force increases, the
peak frequency shifts to the high-frequency side
(200Hz), providing a damping effect of -3dB and
-9dB in total, which is better than the case above
without the rubber sheet. It can therefore be
thought that the rubber sheet between the cylinder
and the link's outer surface causes a shearing action
which effects damping, subsequently improving the
damping effect.
Figure 16 shows the damping effect of nine solid
cylinders (mass: 5.08kg) without granulars arranged
directly around a link. As the peak frequency does
not shift to the high-frequency side even when the
exciting force increases, no damping effect emerges

granular
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with this link device. The link therefore transmits
its total vibration energy to the solid cylinders but
moves in the same phase as the cylinders. This
keeps the peak frequency of 190Hz unchanged, and
no damping effect is seen.

With granulars Conventional one
15—

Vib. 1 | Wit_hoytg_rTgu!ars_ )
| |
10~ Vib-2 \\ ; : | ous ]
A1

Vib. 4

Vib. 3 |

-10
100 150 200 250 300 350

Frequency (Hz)
Fig. 15 Damping performances with other impactor
and rubber seats

Vibration transmittal ratio ( dB )

With granulars

Conventional one
15 Vib. 1 /: Without granulars

el AN T
10 }= vib. 4 I B
DraNN
5 j |
A0 | | :’::i
100 150 200 250 300 350
Frequency (Hz)

Fig. 16 Damping performances with other impactor
using no granulars

Vibration transmittal ratio ( dB )
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Fig. 17 Relationship between mass ratio and
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4.3 Damping effect at different granular masses
and damping ratios

Figures 17 and 18 summarize the results
obtained in Section 4.2, and clarify the damping
effect of the noise reduction link device at different
granular masses and damping ratios. Increasing
the granular mass ratio in the total mass of the link
using granulars improves the damping effect (see
Fig. 17).
The maximum damping effect was -10dB at a mass
ratio of 0.5 (link: 18.3kg, granular containing
cylinder: 5.08kg, granulars: 3.58kg, total: 9.2kg)
and a filling ratio of 95%. This shows that
increasing the granular mass is the most effective
way of improving the damping effect. The authors
regard the damping effect of a non-granular solid
cylinder wrapped with a rubber sheet as -3dB,
which is compared to a conventional link device,
taking into account the effect of rubber sheet
shearing.
The relationship between the damping effect and
the damping ratio in Fig. 18 shows that they are
approximately proportional. At damping ratios of
10% and 15%, the damping effect was -6dB and
-9dB respectively, showing an improvement over
links without granulars. As shown in the figures,
the maximum damping effect in this study was
-11dB when the link was wrapped with a rubber
sheet Imm thick and nine cylinders containing
multiple granulars (mass: 8.66kg) were arranged.
Further, although this is not shown in figures, it was
found that the damping effect holds linearity up to a
damping ratio of 11%, but this effect tends to
saturates above this percentage(13).
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5. Conclusion

The authors devised two types of noise
reduction link device to reduce the low-frequency
noise at about 200Hz that propagates from the
railway truck to the car body of high-speed railway
vehicles. One method involves an inside granular
placing system whereby multiple granulars are
inserted into the hollow space of the conventional
one-link mechanism. The other method consists
of an outside granular placing system whereby
granular containing cylinders are arranged around
the link. The test results of these two systems are
summarized below.

(1) The damping effect of the outside granular
placing system is up to -11dB compared to that of
the conventional one link device without granulars.
Approximately one million non-spherical lead
granulars of Imm in diameter are contained in the
hollow space of the link, and multiple cylinders are
arranged around the link wrapped with a rubber
sheet 1mm thick.

(2) The damping effect of the inside granular
placing system is -3dB compared to that of the
conventional one-link device. The link contains
spherical lead granulars of Imm in diameter at a
filling ratio of 90%. However, the damping effect
does not improve when the exciting force is small.

(3) The damping effect of the outside granular
placing system is -6dB, compared to that of the
conventional one-link device.

(4) The damping effect is proportional to the
granular mass ratio and the damping ratio. Larger
masses and the use of a rubber sheet are effective in
improving the damping effect.
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Abstract

Noise reduction and vibration controls of high-speed railways are required to improve the indoor noise
characteristics of aluminum car body systems, such as with Shinkansen and express trains. However, it becomes
difficult to maintain the vibration control of one link mechanism between the car body and the car bogie. In this
paper, to improve the damping performances of one link mechanism, we have proposed a new type of
noise-reduction link mechanism using granular materials. Factors that affect the damping performances are examined
through a numerical simulation study. The present noise-reduction link mechanism is studied via examining the
damping performance with granular mass and friction effects. Finally, in the numerical simulation, by using the
discrete element method (DEM), a new type of noise-reduction link mechanism is improved by max. 4.6 dB in

comparison with the conventional one.

Key Words : Damper, Numerical Simulation, Discrete Element Method, Granular Materials, Vibration

Control, Noise Reduction, Railways

1. Introduction

Now days, the speed up of the railways is an
international trend not only in Japan, but also in
France and Germany. High-speed railways are
required to provide a low noise, a low vibration
comfortable passenger car environment in addition
to lightweight car bodies, better energy-saving
performance, prevention of environmental noise
and improved ride comfort?. However, there are
a number of disadvantages in reducing indoor noise,
such as increased vibration and noise stemming
from high-speed operation, and the reduced sound
isolation performance of lightweight car body
structures.  Another problem currently is the
low-frequency indoor noise caused by the cyclic
low-frequency vibration that propagates from the
under-frame truck driving system in coasting ©.
In particular, to reduce indoor noise caused by
low-frequency vibration (80 to 315Hz) or by the
n-fold components of the revolution of motors and
gears in the truck driving system, it is now
important to reduce vibration in the truck driving

system, cut vibration in the truck elements between
car bogie and car body (i.e., traction rod and yaw
dampers) and drastically reduce their vibration
transmissibility.

Shiohata et al. @ ©® proposed a method of
evaluating the radiation noise of low-frequency
vibration in the 200Hz band that propagates from
car bogie to car body, based on tests using a
life-size model of the car body structure. It was
demonstrated that application of damping materials
in the panel section of the car body structure
improved the damping effect. Tanaka et al. ©
proposed indoor noise-reducing aluminum car body
and interior structures for high-speed railways, a
low-noise design technique, and put into practical
use an aluminum car body structure with damping
materials in its panel sections. Oda et al. 7
developed a method of predicting noise in
passenger cars and a indoor noise reduction
technology to apply this method, and clarified its
noise reduction effect in running tests. The three of
them alike proposed damping materials in large
quantities, making the car body structure too heavy

*! National Institute of Technology, Tokuyama College
*2 Osaka University
* Hitachi, LTD.

** National Institute of Technology, Oshima College
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and requiring a design that incorporates optimal
arrangement of the damping materials.

As about 70% of indoor noise is caused by
low-frequency vibration propagating from the truck
through the one-link mechanism ®, the purpose of
this study was to reduce vibration through the use
of a noise reduction one-link mechanism using
granules, with a subsequent reduction in indoor
noise.

In the advanced field of granule utilization,
Araki et al. @ implemented research on an impact
damper using granules, and clarified that a damping
effect was attained in the 7.5Hz band by
appropriately setting the mass ratio and other
parameters in a horizontal vibration system.
However, no reference was made to the conversion
of vibration energy in granules into kinetic energy,
or to the energy-dispersing effects brought about by
friction.

Sato et al. "“used an impact damper to clarify
the damping effect of cantilever beams in the 2Hz
band. However, here too no discussion was made of
the damping effect occurring from the dispersion of
energy by granules.

Saeki "V 1?2 clarified the damping effect of

granule impact dampers using cylindrical vessels,
and discussed the modeling simulation of granules.
These cases are reported in theses discussing the
damping effect of the several hertz band.
This paper discusses the composition of a noise
reduction link device using granules for high-speed
railway vehicles, modeling of the noise reduction
link mechanism and numerical simulation using the
Discrete Element Method (DEM). Cundall and
Strack proposed the DEM ® as a method of
numerical analysis for the dynamic system of
non-linear interaction between multiple granules, an
example of which is seen in the noise reduction link
device proposed in this paper. The DEM, now
used to clarify the behavior of granules ¥ "%, uses
a contact model with basic dynamic elements that
applies a contact force to granules and easily
expresses the dynamic energy dispersion resulting
from deformation of and friction between granules.
This is therefore seen as the best numerical
simulation technique for analyzing the vibration
characteristics of the noise reduction link device
using granules and for clarification of the workings
of its damping mechanism.
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2. Composition and damping characteristics
of the noise reduction link device

2.1 Composition of one link device

The railway truck is composed of the bolsterless
bogie shown in Fig. 1, consisting of truck frames,
wheels, wheel shifts, a primary suspension system
(elements connecting bearing boxes and truck
frames), a secondary suspension system (air
springs, left and right yaw dampers, and a traction
rod connecting truck frames and car body), motors,
gears, couplings and brake units. The elements
connecting the car body and the truck are air
springs, yaw dampers and a traction rod. There
are two air springs on the truck frames to support
the car body weight, and two yaw dampers (one
each on the front and rear between car body and
truck) to improve the stability of lateral motion.
The traction rod is an element to transmit the
longitudinal force from the truck to the car body.
Low-frequency vibration (85 to 315Hz) caused by
the fluctuation of longitudinal force propagates
from the truck to the car body through the traction
rod, and is emitted indoor as low-frequency noise.
It is noted that the noise level is significantly higher
in coasting than in powering '®.

Since the conventional traction rod transmits the
longitudinal vibration of the truck directly to the car
body, a damping effect can be expected only with
rubber vibration isolators on both ends in the peak
frequency band. To offset this drawback, the
authors proposed a system whereby multiple
granules are contained in the hollow space of the
traction rod. This converts the truck's vibration
energy into the kinetic energy of the granules, and
utilizes the friction damping between the granules
and between the granules and the link inner walls,
thereby reducing the transmission ratio of truck
vibration to the car body.

Fig.1 Configuration of railway truck
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Fig.2 Conceptual configuration of noise reduction
link mechanism using granular materials

Figure 2 shows the noise reduction link device.
The granules placed in the link are excited by
vibration (on the left side of the figure) and move in
a lateral direction, reducing vibration at the car
body fixing point on the right. In the case of a
conventional traction rod, the rubber vibration
isolators at both ends were softened, shifting the
peak frequency (eigenvalue) to the low-frequency
side to improve the damping effect. Since a
fluctuating force of several tons works in the
longitudinal direction, however, the softened rubber
vibration isolators posed a problem in terms of
strength and reliability.
The authors therefore discussed a method of
reducing vibration at the peak frequency (230Hz) of
a noise reduction link device using granules.

2.2 Vibration damping characteristics

Figure 3 shows the vibration-damping
characteristics obtained from a vibration test using a
test apparatus for the elements of the noise
reduction link device ®. Test conditions were
approximately the same as those shown in Table 1.
Granules of 1mm in diameter were used at a filling
ratio of 90%, with the granule mass and its ratio to
the link mass at 3.05kg and 16.9% respectively.
The damping effect of the noise reduction link
mechanism gradually increased when the exciting
force increased from vibration level 1 (0.02g) to 4
(0.2g). The damping effect was -4.5dB better at
the peak frequency than when granules were not
used. With a large exciting force (vibration level
4), the peak frequency shifted to the 230Hz band.
It can be thought that the damping effect stems
from the energy dispersion caused by friction in the
relative motion between the granules and between
the granules and the link inner wall.

No damping effect is obtained when the
exciting force is small (vibration level 1), since the
relative motion is small. In this case too, the mass
of the granules works as an additional mass to that
of the noise reduction link device, making the peak
frequency lower. When the exciting force

becomes larger (vibration levels 2 and 3), the
granules work as dispersed masses generating a
damping effect, and the peak frequency approaches
the eigenvalue of the noise reduction link device.
When the filling ratio or the density of the granules
increases, or the mass of the granules becomes
larger, the damping effect increases proportionally
(not shown in the Figure) ®.

3. Composition of analysis model

3.1 Vibration model of the noise reduction link
device

Figure 4 shows a vibration model of the noise
reduction link device. The equation of the noise
reduction link device's motion is given by equations
(1) and (2), where the vertical vibration is not taken
into consideration.

myzZ, = k(z, = 2z)) +c(2, =22) = fprreeeeee o)
z, = A(LA+SIN@E)+vrveveeerrrneeeie, )

Where the symbols represent the following values:

my: Mass of device (without granules)

m: Mass of granules contained in the link

k: Spring constant of rubber vibration isolator

¢: Damper constant of rubber vibration isolator

z,: Forced displacement

z;: Displacement of device

fr: Sum of the contact force of granules
working on the device (the component in the
z; direction) calculated by equation (17)

3.2 Kinetic model of granules in the noise
reduction link device

Figure 5 shows a model of the contact forces
between the granules and between the granules and
the link inner wall using the DEM. The contact
force model consists of springs expressing the
restitution force in the normal and tangential
directions (k, k;) against the contact surface,
dashpots expressing the viscous damping force (c,,
¢), and friction sliders (u; w;) expressing the
friction in the tangential direction. The DEM can
numerically integrate a motion equation to trace the
motion of all vibrating granules, and apply the
contact force model referred to later to the contact
between the granules and between the granules and
a solid wall surface. It is thus possible to determine
the motion of each granule induced by excitation
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and the energy dispersion subsequently caused by
the deformation of the granules and the friction
between them.

—~25 -
3 With granular materials  Conventional one |
= vib. 1 o Without granular materials
=20
E H
'E 15 ——Vib. 2
5 |
£ . Vib. 4
S0 | Vib.3
©
S
=
100 150 200 250 300 350

Frequency (Hz)

Fig. 3 Damping performances of noise reduction
link mechanism using granular materials

Spring Granular Materials

Link body
s

Damper

Fig. 4 Schematic analysis model of noise reduction link
mechanism using granular materials

Tangential direction

Mass (j)

H2
_n, Contact force (f,)

ki C, Normal direction
Link body
M4
fo My 4

Fig. 5 Schematic diagram of contact force model
using discrete element method (DEM)

The motion of granules is given by equations
(3) and (4).

;'7'=£+g, ................................. 3)
m

.7

G= L 4)

Where the symbols represent the following values:
7 : Center of gravity of granules

m: Mass of granules
7,2 Sum of contact force

g Acceleration of gravity
@ : Angular velocity of granule
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7,: Sum of torque due to contact force
I: Moment of inertia of granules

The arrow and the dot above the symbol represent a
vector and a differential with respect to time.
Equations (3) and (4) are numerically integrated as
explained below. When the time increment in the
calculation is denoted by A¢, and the position,
velocity and angular velocity of a granule at a given
time are given by j,, u,and &, respectively,
contact force fpand torque 7p are determined. The
values of 7 and &, at that instant are derived
from equations (3) and (4). Velocity &, angular
velocity @ and position y after time length At
are given by equations (5), (6) and (7) respectively.

‘73 :‘750+VOAI_VSO+[]FP+gJAt ............ (5)
m

B= By + By = oy TEE AL ©)

F o T A VAL (7

3.3 Contact force model of granules

For the contact force model, the authors used
Hertz's theoretical solution for elastic restitution
force in the tangential direction, and the model
given by Tanaka et al ' that defines the viscous
damping coefficient to make the restitution
coefficient constant.

Restitution force Fous in the tangential

direction (received at the contact point by granule i

from granule ;) is determined as follows as the sum
of spring force and viscous damping force:

.anif = (_knP : 5;;1'/3/2 G Vri/' : ﬁij )ﬁi/' """"""""" ®)
¢, =a\m-k, -6 TR )

Where o, is the relative velocity of granule i
against granule j, and n is the unit vector in the

normal direction from granule i to granule ;.

The symbol a is a dimensionless constant used as
the restitution coefficient. The viscous damping
force is set to make the restitution coefficient
constant Y. Here, Spring constant k., between
spherical granules with a radius of ypis given by
equation (10):

_\2rpE,

np_3(1_O_ZP)...........................(10)
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Where Ep represent g, are Young's modulus
and Poisson’s ratio of the granules respectively.

For the contact between a spherical granule
and the link inner wall, the restitution force in the
normal direction is obtained by replacing granule j
with the link inner wall, and k,, with k,,, or equation

(11):

, 4 p 1—0'2.0
nw: +
3 E, E,

Where Ey and oy represent Young's modulus
and Poisson’s ratio of the wall respectively. The
restitution force in tangential direction , = is

given by equations (12) and (13).

J?ivn-, =k, .5”/ gy e 12)

Vi = Vi

=V, Y+ 1 (@, + @, )T oo 13)

Where 6, and ,_  are the relative

sy
displacement vector and the relative surface
velocity vector of granule i against granule j
respectively. Spring constant &, and viscous
damping coefficient C, are determined in the
manner shown in reference (14).

Equation (12) holds only when there are no
slips. Here, the authors judged that a slip had
occurred when the conditions in equation (14) were
satisfied, and determined f,; by equation (15),
where i, is the dynamic friction coefficient.

]‘Pnj > M- .?P,,,’/ """"""""""""""" (1 4)
Fog ==ty | Fog| Ty ooeevevesonsinenns (15)
5,,-, =(I/k, ).fl’nj ........................... (16)

v sij | °

Where t;, = UM.,,/

Therefore, the contact force and the torque
working on granule i are given by equations (17)
and (18) as the sum of all tangential forces working
on granule i.

/;Pi = Z(J;Pm/ + jPri/) """""""""""" a7
T, =Y (rii, XJ;P/U') ........................ 18)

4. Numerical calculation

4.1 Method of calculation

Figures 6 and 7 show the coordinate axes and
the program chart for calculation using the analysis
model in section 3.

For the movement of granules, Figure 6 sets
the lateral and vertical directions as the Z- and
Y-axes respectively, and the direction perpendicular
to these two axes as the X-axis. The coordinates
of granule position are expressed as Px(i), Py(i) and
Pz(i). The left and right surface in the link to
which the contact force is transmitted, and the inner
wall of the link, are referred to as floor, ceiling and
wall respectively.

As the flow chart in Figure 7 indicates, the
program repeats the steps to read the granule
constants referred to later, calculate and set the
initial values of granules, initialize their contact
force, set a grid to judge whether contact has taken
place, calculate the motion of granules, and save
information on the granules in contact and the
calculated data. 1In the calculation of granule
motion, the program calculates the increment in the
displacement of granules, the contact force in
equation (17) and the displacement of the link
device.

4.2 Conditions of calculation

For the calculation, the authors adopted
spherical granules of equal diameter at a density of
11.4 x 10°kg/m’, equivalent to that of the lead
granules used in another test implemented at the
same time, and used values of 14.0 x 10° Pa, 0.04
and 0.3 as Young's modulus, the restitution
coefficient and the friction coefficient respectively.
These values were obtained from tests similar to
those described in reference (16) (see Table 1).
The authors also used 0.39 as Poisson’s ratio and
3mm as the granule diameter (a value different from
the 1-mm granules used in the tests) in order to
reduce the number of granules for calculation.

y-axis / Link body

S e /) N\
1a er

Y, _Granular Materials

OFCe Normal direction z-axis
; Tangential direction l

J Gravity
>  direction

Length

c
z

2
Fig. 6 Schematic position layout of noise reduction link
mechanism using granular materials

Zy
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Table 1 Specifications of analysis model

Link body & Vibration value
Length 0.3m
Diameter 0.04 m
Spring constant 3.76 X 10" N/m
Viscosity constant 4.80 X 103 Ns/m
Mass 18.0 kg
Vibration amplitude 4.69 X107 m (=0.1g)
Vibration frequency 230 Hz

Granule's physical value & Calculation value

Number 18,000 (Max.)
Diameter 3.0X103m
Density 11.4 X 103 kg/m®
Young's modulus 14.0 X 10° Pa
Poisson’s ratio 0.39
Friction coefficient 0.30
Restitution coefficient 0.04
Calculation time 0.1s
Time step 2X107s
Data save 500

[ Tinput of initial data] |
I Calculation of I
Value (Nmax;

[T SetofValue T[]

[TOpen of animation] |
K=1, Nmax

Mod(k,100)=0? >—=0

I Initial of I
Contact force
Decision of
grid number

‘itime="k

Calculation of
contact position

Calculation of
contact force
I Calculation of (Floor) I Calculation of I
granule's motion Calcuiation of displacement
Update of granule’s contact force Calculation of
: : (Wall)
information contact force
Calculation of
Lo | \[EE
animation data (Ceiling)
Continue Calculation of | Improving | |
] File closed [] position tangential vector
End

Fig. 7 Flow chart of calculation program

The authors used a link device with an iron
inner wall, having a mass of 18.0kg, a diameter of
0.04m and a length of 0.3m. The eigenvalue of
the link body (including rubber vibration isolators)
was set at 230Hz.

The authors then applied a forced
displacement Z, (4.69 x 10”7m, equivalent to 0.1g)
from outside to excite the granules to vibration,
determined the sum of the contact forces working
on the floor, ceiling and wall (3 fp(i = 1, 2 and 3))
and obtained the damping characteristics (Z,/Z,) for
different granule masses, forced displacements Z,
(exciting force) and link lengths.
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The time increment for the calculation was
set at 2 x 10”s to ensure the stability and precision
of the calculation. It took one day to perform
calculation for each condition (for 0.5s) referred to
later.

4.3 Calculation results

Figures 8 to 11 show the calculated contact
force generated by the motion of the granules,
displacement Z, of the link device and other
calculation results.

Figure 8 shows the time history of contact
force fpover time, when granules contact the floor
and wall of the device. The amplitude of the total
contact force fp, which is equivalent to the damping
force, starts to increase at 0.06s to 8.6N at 0.1s,
10.2N at 0.2s, 11.5N at 0.3s, 11.8N at 0.4s and
12.0N at 0.5s. As time goes by, the sum of the
total contact force of the granules increases to
saturation at about 0.5s. The contact force
between the granules and the bottom of the link is
particularly large, accounting for more than half the
total contact force. Instantaneous contact force
acts occasionally between the granules and the floor
or ceiling.

Figure 9 shows the time history of link
displacement Z; over time against forced
displacement Z, (frequency: 230Hz, 1.0m/s’
amplitude: 0.469 pm). The amplitude of
displacement Z; starts to decrease at 0.06s (at a
peak) when the damping effect starts, and decreases
to 2.78um at 0.3s, 2.71um at 0.4s and 2.69um at
0.5s.

Figure 10 shows the time history of the
damping effect over time when the mass of the
granules was reduced to 2.9kg, 1.45kg and 0.75kg.
This figure indicates that the damping -effect
depends on time and saturates at about 0.5s.

A smaller granule mass reduces the damping
effect. To improve the effect, therefore, it is
necessary to increase the granule mass. At a mass
of 2.9kg, the vibration transmittal ratio at 230Hz is
15.2dB, which is 4.6dB better than without

granules.

Figure 11 shows the characteristics of
vibration transmittal ratio Z,/Z, at different
frequencies. The thin solid line represents the

values of the vibration transmittal ratio without
granules (mass of link: 18.0kg), while the thick
solid line shows the case with granules (mass of
granules: 2.9kg). The dotted and dashed lines
indicate the experimental values (about 1.0m/s’
with a granule mass of 3kg) at vibration levels 2
and 3 in Fig. 3 respectively. The calculated
vibration transmittal ratio is slightly higher at 170
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to 210Hz without granules than that with granules.
The damping effect of the granules decreases at
220Hz or over. A damping effect of 3 to 5 dB is
obtained around the peak frequency band of 210 to
230Hz.  The characteristics of the calculated
vibration transmittal ratio are approximately equal
to the damping characteristics found at the exciting
force of vibration levels 2 and 3.

The damping characteristics at 170 to 290Hz
were clarified above. Based on these results, Figs.
12 to 16 show the damping characteristics at 230Hz
using parameters such as the mass of the granules,
amplitude of displacement Z,, the length of the
device and the friction coefficients between
granules (1) and between granules and the link
inner wall (u1).

40 P
30 o (Ceiling)

% 7 ()

Contact force fp (N )

0 0.1 0.2 0.3 0.4 0.5
Time (s)

Fig. 8 Time history of contact force (fp)

Displacement x 108

d8)

Vibration transmittal ratio ( dB

0 (X 02 04 05 06
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Fig. 10 Time history of vibration transmittal ratio (z,/z,)

with mass effect at 230Hz
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Fig. 11 Frequency response of vibration transmittal ratio (z,/z,)
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Figure 12 shows damping characteristics at
different granule masses. Thick line D and thin
line T represent the damping effect and vibration
transmittal ratio respectively. Damping effect D (the
difference from vibration transmittal ratio 19.8dB in
the peak frequency band without granules at
230Hz) increases in proportion to the granule mass.
The damping effect was 4.6dB at a granule filling
ratio of 100% (mass of granules: 2.9kg) and 1.8dB
at a ratio of 50% (mass of granules: 1.45kg).

Figure 13 shows damping characteristics with
different amplitudes of displacement Z, or the
external exciting force.  The damping effect
improved as the exciting force decreased. When
the exciting force was 0.5m/s2, 1.0m/s? and 2.0m/s’,
the damping effect was 6.9dB, 4.6dB and 3.1dB
respectively.

Figure 14 shows the damping characteristics
at different device lengths. At lengths of 200, 300
and 400mm, the vibration transmittal ratios were
15.7dB, 15.2dB and 15.5dB respectively. The
ratio is therefore almost constant, irrespective of the
length of the device.

Figure 15 shows the damping characteristics at
different values for the friction coefficient (u2)
between granules. The vibration transmittal ratio
and the damping effect saturated and were constant
at 14.0dB and 5.8dB respectively at a friction
coefficient of 0.6 or over, and this ratio and this
effect deteriorated at lower values when the friction
coefficient was below 0.6. At a friction coefficient

of 0.3, the values were 152dB and 4.6dB
respectively.
Figure 16 shows the damping effect at

different values for the friction coefficient (u1)
between the granules and the link inner wall. The
vibration transmittal ratio and the damping effect
saturated and were constant at 15.2 and 4.6
respectively at a friction coefficient of 0.3 or over,
and this ratio and this effect deteriorated at lower
values when the friction coefficient was below 0.3.
At a friction coefficient of 0.15, the values were
15.7dB and 4.1dB respectively.
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5. Conclusion

To provide indoor noise reduction through
reduction of the low-frequency vibration at about
230Hz that propagates from the under-floor truck
driving system to the car body, numerical
simulation was performed on the vibration
characteristics of a noise reduction link device
using granules, as summarized below.

(1) Proposed an analytical technique using the
Discrete Element Method to consider a granule
contact force model, compared the analysis results
with those obtained from tests at about 200Hz, and
confirmed the validity of the analytical technique.

(2) Used spherical lead granules to calculate the
vibration transmission ratio at 170 to 290Hz, and
confirmed damping effect of 5dB centering on peak
frequency of 210 to 230Hz.

(3) Clarified that larger granule masses and
optimization of the amplitude of forced
displacement, the friction coefficient between

granules and other parameters are effective in
improving the damping effect.

(4) Obtained a vibration transmission ratio of
15.2dB in the 230Hz band with a granule mass of
2.9kg (granule mass ratio: 16.1%), and calculated
that the value was 4.6dB better than if granules
were not used.
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Study on Contact Force Control Characteristics of
Current Collector using an Optical Sensors

Toshiaki MAKINO"!, Takeshi KAWASAKI? and Muneo FURUSE"

Abstract

Due to environmental problems, for a high-speed railway, such as one at 360km/h, it is particularly
important to reduce the noise caused by a current collector. As a solution, a diamond-shaped low-noise
current collector has been developed. However, it becomes difficult for the current collector to maintain
the predetermined contact force between the contact strip and the trolley wire. Therefore, it is essential to
apply an active control to keep the contact force uniform. However, there is a serious problem with the
active control in that it is difficult to put sensors in the high-voltage region. In this paper, optical fiber
sensors are devised and applied to the control system. In the experiment, the usefulness of the proposed
sensor and control system is demonstrated for the control system.

Key Words : Optical Fiber Sensor, Contact Force Control, Current Collector

1. Introduction

Nowdays, the speed up of the railways is an
international trend not only in Japan, but also in
France and Germany ". We face a serious noise
problem in order to make the speed of railways
more than 300 km/h. Therefore, low noise type of
current collector has been developed so far.
However, a number of technological developments
are considered necessary before train speeds can be
raised further. In Japan in particular, where
Shinkansen trains run through residential areas, one
of the most important issues is the development of
technologies to suppress environmental noise
caused by train operation ? ~*. As a means to
reduce such disturbance, a low-noise wing-type
pantograph has been developed and installed on
Series 500 Shinkansen Nozomi trains. However, the
wing configuration of the new pantograph generates
an increased lift, and its mass is approximately
three times that of conventional pantographs. As a
result, high-speed operation at 300km/h or more
causes larger fluctuations in the contact force
between pantograph contact strip and contact wire.
This subsequently increases the contact loss rate,
making it essential to actively control the contact

force and keep it within an allowable range . It is
not possible, however, to install electric sensors on
pantograph strips (Figure 1) since they are
subjected to the high voltage of the contact wire *.
However, it is reported that the contact loss rate can
be substantially reduced, if the contact force is

correctly detected and actively controlled ©~'?.

Several methods have been proposed to install
multiple sensors at high-voltage points for active
control of the contact force of pantograph contact
strips. It has been pointed out, however, that sensors
cannot be installed in high-voltage areas with
present technology and, the contact force cannot
directly be detected. In contrast, optical fibers
(which are now enjoying increased use and are free
from the influence of humidity or strong magnetic
fields) can be installed just beneath the contact
strips that are subject to high contact wire voltage
as sensors to detect contact force '*. This enables
construction of a small optical fiber sensor system
that can actively control the contact force based on
its output. Hence, it is considered that the contact
force can be kept in an allowable range by
implementing feedback control based on the
measurements obtained using this system.

* National Institute of Technology, Tokuyama College
*2 Hitachi, LTD.

* National Institute of Technology, Oshima College
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In this study, the authors devised a system
whereby two compact, small-diameter plastic
optical fiber (referred to below as POF) sensors are
installed directly under the contact strips of the
wing-type pantograph to detect the contact force
acting on the strips. This detection is based on how
light intensity is affected according to the external
force applied. Then, the authors then used the
contact force signal output by the prototype POF
sensors and implemented a bench test on a
prototype wing-type pantograph equipped with a
servo drive mechanism to actively control the
contact force. As a result, contact force fluctuations
were halved when irregularities at 0.5Hz and 1.0Hz
were applied to the contact wire, clearly
demonstrating the effectiveness of the proposed
sensing system .

Contact strip

T T T
RO T[]

I 2|< I— Current collector Trolley wire

‘=\

GO 1 O

Fig.1 Current collector system of High-speed
railways

2. Optical fiber sensor system

2.1 Principle

The optical fiber-based contact force sensor
system being studied works on the principle by
which the propagating light intensity (i.e. the
amount of transmitted light) varies according to
changes in the shape of the fiber when bent or when
external forces are applied. More specifically, the
light intensity attenuation normally increases when
the optical fiber is deformed by compressive or
bending forces '”~'®.  Figure 2(a) shows a sketch
of a compression test on an optical fiber. When
sandwiched and compressed between two plates in
a radial direction (the vertical direction in Fig. 2(a)),
changing its cross-sectional shape from a circle to
an ellipse, the intensity of the light transmitted in
the optical fiber also changes. The effect is such
that the light is not redistributed in the sectional
area but is partly propagated outside the fiber
through the surface in contact with the plates. This
in turn changes the light intensity within the optical
fiber.

Figure 2(b) schematically shows the principle of
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a force-detecting sensor. Equation (1) gives the
fractional area loss (FAL) of light intensity when
the optical fiber is deformed by a compressive force
19)

Figure 3 shows the calculated value of FAL due
to geometrical changes in the optical fiber shape.
Next, when an optical fiber is bent as shown in Fig.
4, the total reflection angle of the light transmitting
in a mode changes on the bent waveguide so as to
allow propagation of the higher order modes. Part
of the light intensity in the original mode transfers
to the higher modes, some of which are radiation
modes. Light intensity then decreases due to this
radiation loss, and a difference emerges in the
propagation time between the two modes, causing
deterioration in transmission characteristics. In
addition, the light intensity is cut off, causing
radiation loss when the critical angle becomes
larger.

Where the curvature is large, the velocity at the
periphery becomes higher than that at the core.
Energy at the periphery is therefore thrown off at a
tangent, resulting in a loss.

Since light propagates in an optical fiber from
the light source to the optical detector, this
force-detecting sensor can be used in places that
have a high electric potential or in locations subject
to electric noise (such as in strong magnetic fields),
rainfall or dust. Before it can be used as a
force-detecting sensor, however, it is important to
clarify a number of characteristics relating to
transmission light intensity.

| Light source } }

Plastic opticalfioer 4 4 4| |4 4 4

(a) Experimental configuration used to
investigate FAL model

Detector
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(b) FAL model of a radially deformed optical
fiber
Fig.2 Experimental configuration used to
investigate FAL model

r:the initial radius of the fiber

& :one-half of the relative
plate displacement
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Fig.3 Relation of fractional area loss for optical
fiber sensors
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Fig.4 Principle of the optical fiber sensor micro
bending loss mechanism
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Fig.5 Configuration of the optical fiber’s refractive
index

2.2 Construction of sensor system

As optical fibers have generally been developed for
use in telecommunications, they are manufactured
to minimize loss in long-distance transmission and
reduce the influence of external forces as much as
possible. However, the force-detecting sensors
used in this study need to be sensitive to external
forces and have a high level of reproducibility and

1

reliability. This means that the difference in the
refractive index between the core and the clad of
the optical fiber should be small, and the
mechanical properties should be improved by using
the same compositions in the core and the clad. In
addition, the reflection angle at the boundary
between the core and the clad should be increased
to give higher loss and to maximize the rate of
change in light intensity due to external forces.

The optical fibers used in this study are graded
index-type plastic optical fibers (POFs), referred to
below as the GI type, whose refractive index
gradually changes from the center to the ends.
The GI-type POF has a numerical aperture of 0.20,
and a refractive index of 1.508 at the center and
1.492 at the end as shown in Fig. 5.

The GI-type POF system comprises an LD light
source, POF transmission lines, POF sensors, POF
transmission lines, detectors and a personal
computer (see Fig. 6 for system construction and
Table 1 for specifications). The POF, whose core
and clad are made of Gl-type plastic, was
developed at Keio University's Koike Laboratory. It
has a numerical aperture of 0.20 and an outside
diameter of 0.6mm. The wavelength and output
power of the light emitted from the source are
570mm and 30mW respectively. The optical
detector is a silicon APD semiconductor.

2.3 POF Installation

Since the prototype POFs manufactured for this
study is to be installed just under the contact strip
ends, they need to be compact and small in
diameter (see Fig. 7). In the model used for this
study, a simulated spring and damper system (or an
actuator when dynamic characteristics are to be
measured) is arranged on a contact strip with load
cell L1 sandwiched in between. Two load cells L2
and L3 are placed under the contact strip. Each of
these load cells can be replaced with a prototype
POF. The POF (Fig. 8) consists of an optical fiber
wound circularly, its periphery covered with a
rubber sheet and a lmm-thick circular aluminum
spacer to apply distributed external force. An
extra-fine aluminum rod (0.6mm in diameter) is
fixed to the spacer for easy bending deformation of
the POF from external forces through the rubber
sheet, as well as to improve the resolution of
measurement of the load characteristics. It was
thus possible to reduce the size of the POFs
installed just beneath the contact strip to an outer
diameter of 53mm.
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POF sensor
—PC

Beam =épli’[ter

PC
Detector
gg/tggzr oDw(zerS tszblfce bC-DC
P u Converter
Fig.6 Configuration of the plastic optical fiber

sensor

Load sensor for direct

Simulation Detection of contact force

Trolley-wire

Collector head

Load sensor A Load sensor B

Fig.7 Configuration of the POF

“Extra thin
"> Aluminum cylinder

Fig.8 Configuration of the prototype POF

Table 1 Specification of the POF

ltem Specification
Measurementrange [ 0-150 N
Accuracy resolution | 15N, 1.5N
System | DC Power supply 12V, BA, 5V
Diameter, Weight 53mm, 30g
Circumstance 25kV(AC),500A,130deg.
Fiber Core, Cladding Plastic(PMMA) NA=0.20,
Material (Keio Univ., Koike Lab)
Light Wave length, 570nm/30mW
Source | (Type) (Hitachi HL6726MG)
Detector Slicon APD 200-1000nm(Peak620nm)
(Type) (Hamamatsu Photo. C5460)
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3. Shape of the prototype POF sensor and
load experiment

The test apparatus (LD source, DC power source,
personal computer etc.) shown in Fig. 9 was used to
measure the light intensity and static load
characteristics of the prototype POF sensor. Figs. 10
(a) and (b) show the measurement results.

In this test, the weight placed on the prototype
POF sensor was increased up to 10kg in increments
of 1kg, and the light intensity was measured by the
voltage output of the optical detector and fed into a
personal computer through an A/D converter. When
the load was increased or decreased, the distribution
of the output voltage (hysteresis) was repeatable
and stable, and was in a range of about 8% as
shown in Fig. 10(a).

Figure 10(b) shows the attenuation rate of the
light intensity (i.e. the maximum output minus the
measured output, divided by the maximum output)
obtained from the static load characteristics after
linear approximation.  Figure 11 shows the
temporal waveform obtained when a sine wave
perturbation load of 15N was superimposed on a
constant load of 85N using a function generator,
and applied to the POF sensor with an actuator
placed on the contact strip. The temporal
waveforms (at 0.5Hz) of load cell L1 and POFs L2
or L3 under the contact strip present satisfactory
characteristics, demonstrating that the system is
able to correctly detect the contact force.

Photo. 1 Photograph of the protptype POF sensor
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4. Design and numerical calculation of
pantograph control system

4.1 Design of control system

A pantograph is composed of contact strips that
touch the contact wire to collect the electric power,
a wing-type pantograph head equipped with a
laminated spring mechanism to support the
pantograph head, and insulators to support these
components. Figure 12 shows the analysis model
of the contact wire and pantograph system used in
this study. The aforementioned POF is placed
directly under contact strip ml. In the following
discussion, contact loss is neglected on the
assumption that the contact wire and strip remain in
contact at all times. It is also assumed that the
contact wire does not vibrate in the vertical
direction due to car body motion.
The state equation is given as

The frequency characteristics of contact wire
irregularities caused by the intervals between
support points and between hangers are assumed to
be dynamic, and the disturbance in the aerodynamic
upward force is also assumed to be dynamic with
integration characteristics.

The transfer characteristics of these disturbances are
given by state equation (3).

d(s) _

wy(s) (52 +28410415 + wj1lsz +2020425+ wjz)

ky a)j 8

()= Agx4(0)+ Bywylt)  d(e)=Cyxg+Dywylt)

flif‘t (t)= Clif Wiifi )
This equation includes the dynamic characteristics
of the pneumatic servo cylinder of the control
mechanism. For structural reasons, however, it is
not possible to strictly determine the dynamic
characteristics. Therefore, the transfer function Gac
from the servo amplifier input voltage ei to the
control force Fp is determined and approximated

using the second order low-pass filter
characteristics shown in equation (4).

Xgc (t): AyeXae (t)+ Bacei([)

Fp = Cacxaﬂ(t) ............... (4)
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In this approximation, frequencies over 2Hz (the
follow-up limit of the pneumatic servo cylinder)
were omitted.  Fig. 13 shows the dynamic
characteristics of the pneumatic servo cylinder.
An expanded system is derived from equation (5):

=-

()= 4,x,()+ B ei(t)+ B, w,(t)

FO)=Cpx 1)+ Dult) oo (%)
V/A’////////////F/////////A
ku Cw
Trolley-wire— AZi(t)
Zu(EC My g d(t)
Optical —> Trolley-wire
fiber sensor roughness
Z>(t)

Pneumatic servo
mechanism

Fig.12 Analysis model of the low-noise current
collector
60 T o e
2nd order lowpass filtler @ :

o= 50 R dignean
= B :
< 40 :
3

301 - L1

20 ;. Control force / Input voltage

102 10 100 101
Frequency (Hz)

Fig.13 Characteristic of f/ ei transfer function

( R
Weighting function W,
l— Dy
e T AR
g gm Cu| P>

f

H- Controller

Fig.14 Generalized plant control system
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A generalized plant was designed here to obtain a
controller by using the weight function Wf(s) to
express the second order low-pass filter suppressing
contact force fluctuations in the low-frequency
range, and the weight function Wu(s) to express the
second order high-pass filter suppressing the
control voltage in the high-frequency range (Fig.
14).

Table 2 Various parameters of low pass filter and
high pass filter

Low pass filter: Wi s) High pass filter:W, (s)

L,=1052, & =07,

L,= 102520 =08 @;=20x2
! ¢ [ = 2052, @ 4= 1027

Wire disturbance dynamics Lift disturbance dynamics

kg=09,{41=03 {gp=04,

Cin=7
@ 4= 0.5x27, @ gy = 927 fit

Design parameter for H,,, control

7=0.9, 11=1x10"0 £=1x10"0

4.2 Numerical calculation

Numerical calculation was performed for the
pantograph in Fig. 12 using the observed values as
the contact force between contact wire and strip.
Figures 16 (a) and (b) show the frequency
characteristics of the contact force against contact
wire irregularities and against the disturbance in the
aerodynamic upward force respectively.

The expanded system does not incorporate the
pneumatic cylinder dynamic characteristics. Figure
15 shows the parameters of weight functions W1{(s)
and Wu(s). In the contact force between contact
wire and strip detected by the POF sensor, the gain
is decreased against contact wire irregularities and
disturbance in the aerodynamic upward force in the
frequency range of 10Hz or lower where the contact
force is to be controlled. This demonstrates that
the contact force can be appropriately controlled.

The frequency response of the contact force against
contact wire irregularities in Fig. 16 (a) proves that
fluctuations in the contact force are suppressed
against irregular contact wire displacements in the
low-frequency region.

The frequency response of the contact force
against fluctuations in the aerodynamic upward
force indicates that the fluctuations can be
suppressed to -10dB or lower in a range of around
1Hz.
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5. Control test

Photograph 2 and Fig. 17 show the appearance of
the test apparatus (including the prototype
pantograph) used for this study and its composition
respectively.  The apparatus uses springs and
dampers that have the same constants as those of
the heavy compound catenary system, and detects
and evaluates the contact force between the
spring/dampers and the prototype pantograph
contact strip with load cell L1.

Contact strip :

Y <+ BT

]

Flange mechanism —

Pnumatic servo mechanism

Photo.2 Photograph of the experimental apparatus

In the test, two prototype POF sensors were placed
just under the contact strip to detect and control the
contact force. The controller used in the test is a
regulator to suppress the fluctuating component in
the contact force. PI control was therefore
performed to feed back the force detected by the
sensor until it reached 100N, and then the controller
was deployed.

Follow-up performance can be expected only up
to about 2Hz for the pneumatic servo cylinder used
for the control mechanism. For this reason, the
transfer characteristics shown in Fig. 13 were
incorporated into the expanded system when
deriving the controller.  Figure 18 shows the
frequency response of the controller used in this test.
Contact wire irregularities at about 0.5 and 1.0Hz
were manually generated in the test.

Simulation trolley-wire.
Load sensor

for evaluation

Support insulatol

Servo AMP|

A/ID converter (0~7ch)

Flange mechanism

Air filter Pnumatic servo mechanism

8
|
Regulator g

(C language)

==———————%=Air supply port

Displacement sensor|

Fig.17 Schematic diagram of experimental
apparatus

Input Numerical caluculation
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Figure 19(a) and (b) show the results of a test to
control the contact force with POF sensors
incorporated into the test pantogragh. In the case of
the 0.5Hz disturbance in Fig. 19(a), application of
voltage to start control reduced the fluctuation in
contact force from 70N to 30N. In the case of the
1Hz disturbance in Fig. 19 (b), the fluctuation
decreased from 40N to 25N when control started.

These test results prove that it is possible to
halve fluctuations in contact force by detection and
control using two POF sensors placed under the
contact strip.

6. Conclusions

A small-diameter POF sensors that can be
placed at a high-voltage point directly under a
pantograph contact strip was designed. A prototype
POF was manufactured, and a method to reduce
fluctuations in the contact force between contact
wire and strip was proposed by active control using
a controller based on the output signal of the POF
sensor. The prototype POF sensors were then
mounted on an actual pantograph and an active
control test was performed. The results obtained
from the study are summarized below.

(1) The concept of a POF sensor that monitors light
intensity attenuation characteristics against external
forces applied to the plastic optical fibers was
proposed. It was confirmed that the linear static
load characteristics could be obtained using the
Sensors.

(2) It was verified that the contact force could be
directly detected using compact, small-diameter
POF sensors placed directly under the pantograph
contact strip.

(3) A control test was implemented, with the result
verifying the follow-up performance of the sensors
against irregular contact wire displacements at
0.5Hz and 1.0Hz with a prototype pantograph using
a pneumatic servo cylinder.
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Experimental Inverted Pendulum Controlling
System for Beginners by using LabVIEW

Takehito YAMADA"! and Hiroki KASAI™
Abstract

We propose an experimental inverted pendulum-controlling system for beginners studying the control theory. The
system is constructed by NI-ELVIS, which is an electronics instrument for measuring and controlling. The NI-ELVIS
runs on a PC with the graphical language LabVIEW. The inverted pendulum is controlled automatically by the
LabVIEW program under the modern control theory. Moreover, the pendulum can be controlled manually by using a
wireless communication mouse system, which is remotely operated by a human finger on the tablet-PC screen. Using
the system, the learner can manually understand the difficulty of the control and the importance of the
computer-controlled systems.

Key Words: Modern Control, Digital Control, Inverted Pendulum, Graphical Language, LabVIEW
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The Characteristics of the Freshmen in 2014

—An Analysis Based on the Results of
a Questionnaire to the Freshmen—

Norihiko HARADA, Kyoko Nagahiro, Seiichiro MIURA
Koichiro NISHIO and Yoko Matsuo

Abstract

The number of the applicants to the Tokuyama College of Technology has decreased over the past
10 years due to a declining birthrate. How does the decrease influence the will to learn of freshmen?
We have been conducting a questionnaire of the freshmen in the student counselor's office of
Tokuyama College of Technology since 2001. We studied the changes in the characteristics of the
freshmen over 10 years by comparing the results of the questionnaire between the freshmen of 2004
and 2014. Regardless of the decrease in the number of applicants, a drop was not seen, even if we
compared the will to learn, hope for student life, and satisfaction with entering school ten years ago.
Some departments even developed into a considerably better state than ten years prior.

Key Words : declining birthrate, learning will of students, questionnaire to freshmen
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Masonry Culture in The Kume District, Shunan
City, Yamaguchi Prefecture

Ken-ichi HASHIMOTO "' and Keiji TANIMOTO™

Abstract

The use of rock is seen all over Japan, and the styles of the uses of rocks differ greatly from place to
place. From ancient times, rocks have been used for implementing walls, wells, bridges, etc. The structure
made with rock in the Kume District, Shunan City, Yamaguchi Prefecture is a stone wall for the
maintenance of the flat area, for the most part. However, there are many structures created by masonry,
even within this narrow district. In this study, the characteristics of masonry in this district are
investigated. As a result, it becomes clear that the rocks used for masonry in this district are metamorphic
rocks, and the masonry construction method is “Nozura-zumi,” or stacking natural stones as they are.

Key Words : stone structure, masonry, metamorphic rocks, Nozura-zumi

1 [FC&HIC

FMDERITAFR EDAZTHIIRS T LI 72 5.

7= & 20, RICANESN- 7 FOE T 2 v RiF,
ERAAREZNLL A LT boTHDH L, 15
e DA o AFEE OB~ TF = B F 2 1 HFECE & 4
IERPE THBEIEEN TW A, BARTHIESIE.
THNF TZREAIROIITRA L X 9 & LTZEoRE 2K
LTLES ZED IREFEL @l L)) &0
S B4 % b AT CEA Th D, FE LIEN
ESEHARILOMEER (29 2WL) Thb. Zop
FEAILT R DWNZEER S [RO—ECTh D &
INTRY, EEZEHL TS, ZoX2HiE
el ZAICY, EFEEHNEE S H O EREAD
1EHET 5.

ARFFETIE, (LA RERTIACKHIKIZIR > C, A
FREEIZONWTEET D, Lo L 20RO HBRI R~

T hnehraikilomEEa

Th, EIFHFERDTZDDTFE TH 5135 D
PHEEDFES D, fSCTIE, 67, SiThia o8
FHORPEIZPEL, ILARIZRT SEADHTMEE
ZLT29 AT, MEbh D REMD & S A aEEL T,

R TR
2 AR ()

L T S R AR e R 22



46 oA B — « /R £

DAKHE D FFEAREEDFHBUZ DOV TRRET L <.

2 BROFAIZOLT

W IXARFRE VO BEERH D L O ITAME v
GEESHIFEED, ITHLTRY, #EfLvE<o
FEENEm E LTHEL TV, bR 2 0
DSEREREOMIE O & 5 7 EHE(R O 7= D OAETH
A5, MHIESEE L Chikhafih, SEEHCR
TARENER SN TEBY, BRI AfEAOEEN T
nYxs hELTUTENTWD FG 55 . £7-0
DI ST CHER S LTl Y 29, A1 ORI
R LIMBRSNTVD V. SSICHlImE IR S
%< Ao, HEEAREOEREGIZH AL,
YRR L BV, 2 OHENE 2013 4RI TELAEA
HREOSUEAIRELE Lo 2 aniitfulE CukiE
PE) IS QNN 5.
WOAHEITEUE S AE A2 L U NICEAT
LZ0EBETZOTHD LR EOHESRE S %255
RT DD ENDbILTWAR, HRIZEN DS
MThd. FRICRBORITERKBEIEO Eiz %20
SETHIKBES E LTEIMZLOTHY, B
LERAWE—HEOGEE TR TEL < OEE LM
THER SN TV D, RIEAKDOE W B AE
2T ORETH LA, WENPLEE < BT 510
DOIEILE L, LIFUIEES DJDNFEIC LV EieZ
LD, RIEOWSRCHADF 2 8F 2 & LT T
Wh. F, FOABMEETIIEBEICR STV
EHVbiTng Y,

HE2 MRS O S

GE 2 [ IS O ME R TR Co 5. LDk
IERIREDZ MR L LTSN TV, ZOhHE
VIRAFHERT (1764—1772) (28I H DT, fERPE
TTETRY, 4, 5 PrOREICZSNZHDO L HE
HTE 5. BE 3 I3MUHNTICH 28R 70b
B, WK GRUEK) 2D TR 28R oMse

No.38 (2014)

BH3 PINTEERLEER AR O RE

T, SMNIAOAT 270 BHESRIATER, PENTE
AT L7c b OEFIECRED T 12, 45m DIEFRE T
TR BT —EEEIC R o TN,

ZOMITHIF, —BIFER E OFECRLER, TS,
B, Za7p CHERFIZEFUTE 372, H<
PO NBEOATHIKERF#RE LT 5.

3 WORICBITDERDAMESRDEE

EADOBANTIRBIT AU, KL, HEREE, Zalis
(AP END. WESEA I A R B ASPNHAC
AL, AR /WURL (8 468 3 TR o8
AREBIALERE BIHE) IZEDWVANA 7R
12O BN S EIERFHEO S, HFEER LW
ERENBRY, FRODNEHHINBAH ST HE &
HEHSBEZTERR LTS, 20X 5 A etk
HHEY, FEESEE CTHHIT TR, BASIED
TR L T OFEL AT 5 2 T, mEEAEHIEZR
7L TWHHDHEN

IO R OHEIX 2K 1IR30, [a T 13 FRiED
HEHTTICE LD 2 ENTE, AmmkE AN
TRAEDS 22. 7%, HARUKILEEDS 23. 5% Crifams I HE
=L, KREEREDTWD. RS 1T A HR %
WoREERaE (Eaae L, fEmpies, 4
BePies, PUREA R EarES) CHEFALREIE (e
ELTERBIRES) o5, B IR T T
203, BFIIEBHIROR B WIH—R S (2L
MEEH L7220,

JERGts (RaGEHg) <1, A oRg, EENR
RMVRHEREE ) 5 720 VL LRERERE CRACE~ B,
o, FRMEEERE) LIRS A 2 AR
ERca (ERVERCE =8NS e A, IERE,
RIS, WERCE7e ) |, S OITH AR IIESERS
AHELTCOYa TRUIER HRSE, 1w, Bk
Fr—1) EZOEFEHOTHAIRTHIERCE GEF



1Ly 1 VL i T A K KA 2 31T B A Rl SR DN T 47

"'y L] 0

[MezsrsneE

1 B ROHER o

Wm%—ﬂﬂéﬁiﬁ%ﬁiﬂﬁﬁ%;ﬁgﬁﬁﬁ
BB L) B3, AR OOk
MH%&LTwé._®:&ﬂ%,ﬁ%@mﬁfﬁw
DA EME LT, REE, WERE, EEMEA
A, WECERERBZHNS.
HADHEL NS ThH, JEYLORBENFIET DL
FofEBE, BEH, B X ARt T e
DEENDD. Lo T, EEAICEA 2 LT,
SRR AT D L, RERIELSEE4ETDE ™. Ln
L, EAEHIND L5 Bl b Thiug,
150MPa~200MPa D—HlEMHREA &> P, ZiuT i@
a7 U— IS 18Pa~30MPa THHDITH LT, 51%
WS 10 fEOME AR Z L1275, F72, a7 U—
MABICITE BT DRERNH HDICK LT, EOREA
DIRREN LW 5 &, 300 4ELL_EOMH R MHERT
ED. LIEhoT, MBS L e aid=r2 Y
— MZEARTENLTONA E N ZENTE L.

4 \LINRFFATAKMROBRAHEE

ARFFE TR L Ul itdiz X 2 (R Ak
ERFENDHIKLS b o7z, G 4 IR
VB —F = VBRI NS 200mFREE b o7
b1z DRI CTH 5. (ERIHA S EIFA R =T

© R 1S ] B LR

ir (C)2014 INCREMENT P CORP.
[FEE e 2 a5

B2 %Gl L7t
JEEI, TR TOEFTCHAEED T EF b Ty
2. I EBOAEIMBEOREbHY, £IH 30n
ZHAZTEY, TWRaWE bW, HfEE
LTiL, JeERE, WEAE, WA, Mo
EREF BN, WA T, VO A RIS L ChE

TEIL TR S M PR SR 2



48 fik B

BHE4 fELEICIHN (FE) OIEHiH
LTaNTWa., AL LTI b0k L TR
D, HRMEHRHNTR&ETHD. GHE b5 (FEFE TS
BEEEDILALES DH S OMATH L. —HEL

FES5 FREOME
HOVCAEDHLD BV TV D ER DD B, midDA
HIIEFSETHIE SN TWS. BREOAEIE EARAN
EoTRLT, AHOMEL L UIR+0ThoHT-
W, BLVDBIESNIZY, FREDRIR S 72 At
ATHIELIZbD LB DD, EEREOHEED
ok, BIOEFMLED LT, FEME S
iof&é E§6i&k@m%®&dgaﬁ<@ﬁ

BHE6 L& A< OAlHE
HTHD. KBELTUEHSA TV LD LER LI
20, AHEO PP OARDMERSINTEY, £
ORfle G 20 LA EEEZ BND. AT B L

No.38 (2014)

IELAHKINT D728, HEL TZ2D ] Bz b
TEY, BAAIKEar b5 LELORESTWD. A
FRIRE hoa, WWER AR EOERE L EZ HNDH
UMM EL TR Y REERA T %<
A BTN TS, BETIIFRERNLHEIL N 3
NV T= 0D T DEOBRHNZHHFHETH D, =
DOFEIFHXNZ L > TIFRRENTND LD HH B4,

FREHTE S ThD EH S ISR TE RNV
N5, @, WIS Y, L LT 5.

BET PREBOMIAHET A0
TENLE AT DAEITIIREETH 5. Z OBIED
FUTOZRWEIRWNDYE, #ERCE 2T, 7~8 IFT
DX D 7K EEHER S, BRATE Tl AUTRIE
DB b Wb LHEllSND. HE 8 13K
2643 H 14 H OO R CHAEE L 728t oK o1

FES8 #HO/NITROKHDALE
HTHD. IIND 2miE<FEA BT T2, A
DORE ZZHT2 O DIEHDERH D, /NEIRADFEA
FF OB L C, FNARAELT, 3
sV — 7 uy 7 LA VTHIEIE T LTS &
I ThD. FA LT E SN 2 Al & Ffod
THY, BERETLZLEZTTND L) THD.

RN HREOAIE & R CAFIZ 2SR D,
MAMEE LT, BEERRAEL TND I END B0
2T ITEVER . B9 3 LS s
AT T oz & ZAIZ, ok 26 FOFITHITZIT



Ly 1 VL i T A K K2 ds 1) B A Rl A STABIZ DN T 49

THE9 {HLURHEEAOAE
ML LT oni-aETHh S, T TRITRESNZS
LL, BAABEERTTNTUNSY 2B 005,
PR POVEER R LT, N~ — TR LR
A LT BN TEY, FIEHNMES TS K
TR U =, NESI-EHMI R S5 AN EED
TRUOD, An—TREERITLIVTERY, £2<0h
MOFET A RS EMTEX 2V FEEE UL, 9
ELEFBRTNS.

T ZCHY R AR T AKX AT 5
FHHEDIZFAD—IRTBE 720, AlaHR N Tlal- 7= fElk
ZBR> THRRRBEDAREADAET D, TH\V ol
A LONONOEFRO IR T AR, Bt Hkic
BRI EDOAMEANET D EEZ, BNELNT
W5, ZOHUBIIIRS T S DICAREAMEE DR
FREAER, AWONAAREEE I HICBETH L
LEETHAH. 728, 4B B 7-atEA0RE
L2 ORI 2 ORIz QTRLTNS.

5 HhYIZ

AFwLTlE, a7 V=B EE L2 ba
FEANFIAT 2 E WS BLEND, ERTOIKH
X &9 BRI CRIEADORHM A B2 L. on
WHE72BE, web A N TYH, WAL, FELIMIES
TW5. L LA ERAEIINCH > T2 b DL,
FENIFEL THEL, ZOELDRNIY . Zodbh

720 CTRIEAEINCDONT S 5 —fEE LD TH DL
LD, INETCANHEX X TEZAaMICH LT, &
I CIHEADORNERFEL WO RTEDAET TS, &F
SFERRIEN LM OFIAEE X THELERSH .

Xk

1) BEWHET  A0E, BloafEe (2014)

2) BT 4 £« AREAHRREOE IS~ DRI

BE95 (1) ~FflA (XOREFEA) OffERAE & MilEE

FRIZDUNT~, TARZERT 58 [BEERGHRHAAELE, IV

-322, PP.641-642 (2003)

3) FFEM A 44 - AREAEEEOE RS~ DT

2B (D) ~ NS TE (ODA) 12 L DTt &

ZOEAME~, TR 58 BRI, IV

-322, PP.645-646 (2003)

4) MIATEIRAM, 3 44« AFEAHERE OB R EY ~ D]

W3t DR S Y, TAGHAPAIFZE R, No. 29,

CD-ROM (2004)

5)7 LEHIH, FBROMERWEE : R2EOW 17 Hbk~

REZE 2 % TR ~, 2013 4% 10 H 6 A fikk

6) 1L T HIER - (L AR AIXEE, 55— 44t P206

(1991)

T IIRER, AHEHE  AAOENRE &5 IR

DWW, AWRERFE R TASERITH#, No. 197, PP. 1

—7 (1968)

8) BT « A DRRIA & J12RE:, B N T A

[OMI ##45) , PP.94—97 (2013)

9) Rk - ALRPE OIS S - EORS —ADH—,

HE==—2, No.643, PP.38-39(2008)

10) KASFARE, RASRRR—  AREAADRNE & Z DR,

PR, 1958

11) ESHIER « fE, VRBOKFH,  (1975)

12) FEHIRG « e & FERE, AL, (1980)

13) ACsEHE—AR « AHEEE, VRBOCHHRG,  (1987)
(2014.09. 22 =318)

L T S R AR e R 22






JE e T N O REFE B

Il B

ZEAI DR
e S

A Study on Roh-haidens in Shunan City

Akiko NAKAGAWA *!, Misaki OOKI

Abstract

It has been said that the Roh-Haiden in the Yamaguchi Prefecture is rare across Japan. There are 11
Roh-Haidens in Shunan City, according to Yamaguchiken-Jinja-Shi, but about half have not been studied.
Therefore, this study aimed to clarify the characteristics of all Roh-Haidens in Shunan City. At first, we
measured these Roh-Haidens and made their plans; at the same time, we took their photos. We investigated
their characteristics using their plans, photos, and old books. The results of this study are the following:
most are located in Mae-Yamashiro-Saiban, and it is estimated that this style was established in the latter
half of the 19th century in this region. The size and the structure types of the Roh-Haidens are related.

Key Words : roh-haiden, roh-dukuri, ro-dzukuri-hu, Shunan-city
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Preparation of Layer Structured Crystal
Rb; . Ti;  Nb;,Os5(0=x=0.20) and Hydrogen Ion
Exchange Products

Masao OHASHI

Abstract

The layer-structured crystals of Rb;Ti;.Nb;Os(0=x=0.20) have been prepared in a solid-state
reaction using Rb,COs;, TiO, and Nb,Os at 1100°C. At 900°C, the nonstoichiometric crystal of
Rb;4Ti;Nb;Os(x > 0 ) was not prepared, whereas stoichiometric RbTiNbOs was obtained. Hydrogen
ion exchange reactions of Rb" in the interlayer space of RbTiNbOs were studied in aqueous solutions.
Two types of hydrogen ion exchange products were obtained from RbTiNbOs crystals prepared at
1100°C and 900°C. The former did not have interlayer water, but the latter did have interlayer water. The
ion exchange products were characterized by atomic absorption analysis, XRD, and TG-DTA.

Key Words : layer structure, rubidium, titanium, niobium, hydrogen ion exchange
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Interim Report of the English Facilitators' Activities

Hitoshi OGAWA*I, Kentarou KITAMURA*Z, Takanori KOGA™
and Ken-ichi FURUTA™

Abstract
With the continuing progress of globalization, it is necessary that Japanese students be able to

communicate with people all over the world in English. In order to cultivate students’ broad senses of
communication in English at the National Institute of Technology (NIT), Tokuyama College, the authors
formed a group named the “English Facilitators’ Group (EFG).” The purposes of the EFG are to enable
the group members to improve not only their English proficiency level, but also the way of teaching their
classes in English. Furthermore, EFG increases opportunities for the students to use English in their daily
life. This second year interim report describes what the EFG members have been doing so far both as a
whole and respectively, to achieve their established goals.

Key Words: globalized world, facilitators, English proficiency, professional development

1. Introduction

Recently, in response to increasing momentum
towards globalization, not only in the real world but
also in the classroom, we higher education teachers
are required to give our lectures in English. For
example, since the beginning of the 2013 academic
year, English classes are already being taught
completely in English at high schools throughout
Japan. Furthermore, more and more various
academic subjects are being taught in English at
universities.

On the other hand, we feel that National Institute
of Technology (NIT) colleges are far behind in this
regard. Generally speaking, students at NIT
colleges have a reputation for being poor at using
English. Particularly, their psychological barrier to
communicate in English is a big problem.

In order to get rid of this bad reputation and the
psychological barriers of the students at NIT,
Tokuyama College regarding English proficiency,
we started up a group named “English Facilitators’
Group (henceforth referred to as EFG) in April

2013. Under the slogan of “Share the world in
English,” we EFG members have been voluntarily
engaging in professional development training on a
regular basis, so as to brush up both our English and
the way we teach our classes in English as
mentioned in the previous report”. Similarly, we
have been trying to augment students’ opportunities
for using English in and out of class.

The ultimate purposes of the EFG activities are
to raise the rate of classes taught in English and to
increase the number of colleagues participating in
our activities at NIT, Tokuyama College. The
following sections will explicate what EFG as a
whole has been carrying out, what each EFG
member has been doing, and what we plan to do to
attain the above purposes.

2. Activities as a whole group

Currently there are four members of EFG, one
from each department of NIT, Tokuyama College.
This group was originally formed in April 2013 in
response to Prof. Ogawa and Prof. Kunishige’s call

" General Education
. Department of Mechanical and Electrical Engineering
*3 Department of Computer Science and Electronic Engineering

" Department of Civil Engineering and Architecture
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to improve the English-speaking environment for
students. They wanted to provide the students with
more opportunities to use English at school. In
order to achieve this, they thought it would be
necessary for teachers to polish their English ability
first and then use English more both in and out of
the classroom. Thus EFG was formed.

The primary missions of EFG are to make the
members’ English better, and to make an all-out
effort to talk to and communicate with students in
English. In order to improve our English and the
way we teach our classes in English, we get
together regularly once a week during the academic
year. The meeting is called a “powwow” and
naturally we conduct it all in English so that we can
boost our second-language communications skills.
In each powwow, we discuss the best methods to
increase the students’ English proficiency, as well
as exchange information obtained through the
activities mentioned in the following section.

3. Each member’s activities

3. 1 Professor Ogawa: The second step to
globalize the whole campus

Collaboration with a Native Teacher: I continued to
teach all of my subjects in English in the second
semester of the first year of EFG. I also started to

collaborate with a native teacher, Benjamin Johnson.

I asked him to observe my classes and instruct me
in how to best teach in English. There were some
good points to method. First, I could master proper
expressions through practice and repetition. Second,
I could gather materials from him for a handbook
designed to aid in teaching any subject in English.
Third, he sometimes joined our discussion, and the
students were inspired by his participation. I also
invited other English speakers as guests, so that
students could realize the necessity of English.

In the following section, let me introduce some
unique aspects of each subject I teach. In Ethics, I
often used English-based video clips”. Video clips
related to the topic were effective because students
could understand what I taught from a different
perspective. In Law, authentic materials written in
English were used. For example, when I taught
business law, I used a real contract. Students could
feel the reality of a globalized world thanks to this
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material. In Philosophy, I let the students give a
presentation in English. As it was the first time that
most of the students gave a presentation in any
language, this experience was valuable on multiple
levels.

ToPiC: Tokuyama Kosen Presentation Conference:
We held another English presentation event this
year. This event was named ToPiC: Tokuyama
Kosen Presentation Conference. We held this on
August 7", This year we called for presenters not
only from the faculty, but also from students. As a
result, eight students and two faculty members were
presenters. As this event was also a part of the
satellite committee of our school, which is in charge

of collaborating with community members, we
invited local citizens to join the audience. The main
purpose of this event was to inform anyone who
was interested about the progress of our
globalization education project.

Fig. 1. Scene of ToPiC.

Symposium: We invited professor Toru Kunishige
from National Institute of Fitness and Sports in
Kanoya to be a guest speaker at a symposium on
September 18", The purpose of this event was to
enlighten the faculty on the importance of teaching
subjects in English. Since he had taught at our
school until last summer, he knew much about our
school’s situation. Moreover, he has initiated an
attempt to increase English proficiency at his
current campus. During the symposium, we asked
him to talk about some tips for teaching subjects in
English. After that, we held a panel discussion
regarding EFG’s struggle.
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Fig. 2. Panel discussion in symposium.

Next Step: The third year is the last one for our
project. We want to complete our mission by the
end of the academic year. Concretely, we want to
increase the number of the faculty members who
can teach their subjects in English to twenty. This is
one-third of the faculty members. We also want to
increase the percentage of classes taught in English
to 30%. In the long run, we believe 50% of all NIT
classes should be taught in English. In order to
attain this goal, we plan to enhance the training of
other faculty members in the 2015 academic year.

3. 2 Professor Kitamura: Engineering seminar in
English

In the Department of Electrical and Mechanical
Engineering, an engineering seminar was conducted
during the second semester for fourth-year students.
The objective of the seminar was to prepare them
for graduate work, which starts when the students
enter their fifth year.

In the engineering seminar, a specific project for
each student is assigned according to the subject of
his or her graduate study. As for my laboratory,
Space Environment Lab, three fourth-year students
were designated to start graduate work from their
fifth year at NIT, Tokuyama College. When the
engineering seminar started, their specialized
subjects of graduate work had not yet been decided.
Therefore, I assigned them certain topics related to
their graduate work, which included some academic
articles written in English. In the 2013 academic
year, I tried to conduct the engineering seminar in
English with a different group of three, fifth-year
students and two advanced-course students.

In our engineering seminar, two or three students
present the progress of their research. The example
of the PowerPoint slide used in the presentation

about FMCW (Frequency Modulated Continuous
Wave) radar? is shown in Fig 3. In this seminar I
required all the participants to ask at least one
question. As a consequence, | was able to measure
the students” English ability in a real world
situation. In the lectures where a native speaker
was present, issues surrounding English proficiency
and presentations were discussed.

The students sometimes had a difficult time
discussing sophisticated technical issues. In this
case the advanced-course students often contributed
more comments in order to rectify communication
problems. Furthermore, the advanced students took
on the role of discussion leaders.

FMCW radar principles

* FMCW is a radar system where a
frequency modulated signal is mixed
with an echo from a target to preduce a
beat signal."
* The frequency difference Af is
transformed via a Fourier transformation
(FFT) into a frequency spectrum and then
¢+ the di is calculated from the
spectrum.
* The level resules frem the measuring
distance.

FHCW system

Fig. 3. An example of a Power Point slide by an
advanced course student.

As indicated by the above incident surrounding
difficulty with technical issues, it became clear that
a primary factor towards achieving an engineering
class in English is careful consideration of students’
varied English ability. In the class with a small
number of students, I could keep a lookout on the
students who could not keep up with the discussion.
In contrast, in a class with a much larger number of
students, a good solution may be to assign an
upperclassman to the role of facilitator.
Furthermore, dividing the class initially into smaller
discussion groups, and then reuniting for a final
group discussion at the end of each class may be
advisable. In the fall semester of the 2014 academic
year I will indeed assign one upperclassmen as
facilitator.

3. 3 Professor Koga: Teaching in English for
reviewing and practice

In the last academic year, I attended an intensive
training course designed to educate teachers about
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using English in classroom education. It was held
by the KOSEN headquarters. The purpose of the
training was to realize classroom education of
specialized subjects in English in the near future.
For that purpose, representatives from all the
KOSEN campuses attended.

The training course consisted of three parts. In
part one and part two, all the participants studied
fundamental concepts of education and gave brief
lectures using those concepts in Japanese. After
those first two parts, in order to verify actual
teacher competence in a classroom situation, each
participant took a computer-based test and a
performance-based test with video recording in
order to gain certification of CompTIA Certified
Technical Trainer (CTT+)". CompTIA is an
abbreviation of the Computing Technology Industry
Association and is a non-profit trade association.
CTT+ is an international certification that covers
core instructor skills, including preparation,
presentation, communication, facilitation, and
evaluation. In the third and final part, after
standardization of the participants’ instruction skills
using CTT+ was established, the participants
attempted to give their same brief lecture from part
two, but this time in English. Then all participants
exchanged information and opinions about the way
to realize classroom education in English.

Since the training, I have become convinced that
I can conduct classroom education in English with
only simple English phrases, and by employing the
fundamental concepts of CTT+. In this academic
year, I did just that. This was done in addition to the
continuation of the previous activities from the last
academic year".

I would now like to explain my activities in the
class, which covers applications of digital circuits
for fourth-year students in the Department of
Computer Science and Electronic Engineering. This
class consists of two sections: a lecture section and
a practice section. In the lecture section, students
study fundamental elements of digital circuits such
as transistors, memory chips, their characteristics,
etc. In the practice part, students perform computer
simulation with computer-aided design (CAD)
software in order to confirm pseudo-behaviors of
various kinds of electric circuits. Before starting
this class, I had decided to use English for the first
ten or fifteen minutes while reviewing the last
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lecture. 1 chose this method because the most
important thing in the lecture is not only to get the
students to understand English words and
expression, but also the contents of the lecture.
Figures 4 and 5 are examples of the slides used for
reviewing previous lectures. I asked the students to
answer easy but important questions via pair-work.
After all the lectures, I was able to confirm that
almost all the students understood the contents
through questioning them. In the practice part, I
gave instructions on the computer simulation in
English. Also in this part, I was able to confirm that
almost all the students understood the instructions
and were able to accomplish the simulation
successfully.

The aforementioned activities are just the
beginning. In the future, I will start both lecture and
practice sections in English in my other classes as
well. Furthermore, I will continually strive to
realize beneficial educational techniques for the
students by employing the concept of the Content
and Language Integrated Learning (CLIL)”.

Review

* Fill in the blanks and find the output
level when the input level is high.

Vaa

[ IMos

Inaut High Output ?7

°

[ IMos

Fig. 4. An example of a review sheet used in the
lecture section.

Comparison between SRAM and DRAM

Structure Complicatad Simpla
{Flip-flop circuit} {Capacitor circuit)

Integration Low High

Degrae

Speed Fast Sl

Production High Low

Cost [fait)

Refresh Unnacessary Mecaszary

operaticn

Power Low High

Tansumptian

Application ~Register - Iain mamaory

=Cachs memary

Fig. 5. An example of a review sheet used in the
lecture section.
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3. 4. Professor Furuta: Using English in the class
and so on
Using English, I changed my teaching methods

in the class titled Architectural Design and Planning.

This class is taught to the second-year students in
the advanced course.

The aim of the alteration was to improve the
English listening and presentation skills of the
students. In the class, I have shown the students the
TED  (Technology, Entertainment, Design)®”
presentations of some famous architects. And last
year I even changed all of the handouts, lectures,
and final test from Japanese to English (see Fig. 6).

| The upper edge plane of abstract
rectangular parallelepiped

Fig.15 Roof detail of 50ft. x 50ft. Housing plan  E88

Berlin New National Gallery

Fig. 6. An example of slides used in the lecture.

At times, it has been difficult to prepare the
English contents every week. I also have got a lot of
support from Benjamin Johnson, a professional
EFL (English as a Foreign Language) teacher. He
checked my pronunciation, vocabulary, and
expressions used in both the lectures and handouts.

I have sometimes questioned students to confirm
if they had understood what I said in English. When
I have given some easy questions about the points
of the lecture in English, they have always tried
their best to answer in English. At the end of the
series of fifteen, weekly lectures, a final test was
given in English. It had ten, multiple-choice
questions. Making questions and four unique
multiple-choice answers for each question was the
most difficult part of the class for me. However, in
the comments after the test, the students wrote that
they were able to learn about architectural design
and planning, and the English I had used was easy
enough for them to understand.

In addition to the work towards globalization in

my classroom, I made the opening comments for
the “graduation research presentation meeting for
standard-course and advanced-course students.” I
also asked questions to the students who gave a
presentation in English at that time. And at the
beginning of this school year I gave a formal
greeting in English in front of the students of civil
engineering and architecture (see Fig. 7).

Fig. 7. Professor Furuta’s greeting to civil engineering
and architecture students in English.

4. Conclusion

In this interim report for the second year of EFG,
we have talked about what we have been carrying
out, what each of member has been doing, and what
we are going to do from now in order to train and to
motivate our students to be future global engineers
with a good command of English. However, what
we have been doing and what we are going to do
are not only limited to increasing students English
proficiency, but our work is also for the
professional development of the faculty at NIT,
Tokuyama College. In order to globalize our
college, it is important to enhance our competitive
edge as professional teachers and scholars. EFG
and its activities and ideas can continually give us
just such an edge. Furthermore, we believe it is of
the upmost importance to share both our successes
and set backs with our colleagues. With the future
in mind, our intention is that our current activities
contribute to the eventual, complete globalization of
NIT, Tokuyama College.
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Analytical Study on Thermal Crack with Actual
Concrete Structure

Toshiharu NAKATANI! and Takahiro TAMURA ™

Abstract The purpose of this research is to control the thermal cracks of concrete structures. The construction
division of the Yamaguchi Prefecture stores the data of concrete construction projects. From this data, we investigated
the relationships between a crack and the reinforcement ratio. Moreover, we analyzed the crack with temperature stress
analysis software using the finite element method. Here, the temperature and the crack were analyzed by the same
model in an actual structure and the results were compared. In the analysis model, the crack width was computed, while
assuming the crack in the same position as an actual crack. The partial crack model proposed by the authors agreed well
with the actual crack width.

Key Words: thermal crack, finite element analysis, crack width, crack index
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Development of materials for re-vegitation
using Arbuscular Mycorrhizal Fungi

Syota YAMAMOTO"!, Wataru INOUE™' and Tomoya MURAKAMI"!
Kazuhito AMANAI™

Abstract

The growing body of evidence of the negative impacts that roads and other linear infrastructure have
on wildlife and ecosystems suggests that infrastructure represents a major driving factor of biodiversity
loss. Therefore, it is important to revegetate the ground in order to prevent biodiversity loss. Arbuscular
mycorrhizal fungi (AMF) colonize roots and benefit host plants by increasing growth and the ability to
withstand or overcome harsh environments. In this study, we developed a revegetation filter using AMF.
We mixed the host plant seeds with AMF spores and made the compound into sheets. In the sheets, the
host plant roots can be infected with AMF and grow more stably and efficiently. Therefore, the

revegetation filter we developed can be used in revegetation effectively.

Key Words : arbuscular mycorrhizal fungi, revegetation filter
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A Note on Cooperating Systems of One-Way
Alternating Finite Automata with Only
Universal States

IEICE TRANS. FUNDAMENTALS. VOL.E97-A,
NO.6 JUNE 2014

pp.1375-1377

Tatsuya FUJIMOTO, Tsunehiro YOSHINAGA,
and Makoto SAKAMOTO

A cooperating system of finite automata
(CS-FA) has more than one finite automaton (FA)
and input tape. These FA’s operate independently
on the input tape and can communicate with each
other on the same cell of the input tape. For each
k=1, let L[CS-1DFA(K)] (LICS-1UFA(®)]) be the
class of sets accepted by CS-FA's with & one-way
deterministic finite automata (alternating finite
automata with only universal states). We show
that L[CS-1DFA(.k+1)] —L[CS-1UFA(®)#p and
LICS-1UFA(2)] — U124 LICS-1DFA(K)] #.

Tissue Characterization of coronary plaque by
kNN classifier with fractal-based features of
IVUS RF-signal

Journal of Intelligent Manufacturing

DOI 10.1007/s10845-013-0793-3

Eiji Uchino, Takanori Koga, Hideaki Misawa,
Noriaki Suetake

We propose a tissue characterization method

for coronary plaques by wusing fractal

analysis-based features. Those features are

obtained from radiofrequency (RF) signals
measured by the intravascular ultrasound IVUS)
method. The IVUS method is used for the
diagnosis of the acute coronary syndrome. In the
proposed method, the fact that the complexity of
the tissue structures is reflected in the RF signals
is used. The effectiveness of the proposed method
is verified through some experiments by using

IVUS RF signals obtained from rabbits and

human patients.

X

Report of three-dimensional laser scanning of
the triple church complex in Jerash

The 2013 World Congress on Advances in
structural Engineering and Mechanics, dJeju,
Korea Vo I. 1

pp. 1297-1301

Hitoshi Takanezawa, Kenichiro Hidaka and
Takashi Hara

The structural analyses of heritage structures
are quite important because of not only to
understand the structural systems but also to
restore the heritage structures. Prior to the
structural analysis, it is necessary to measure the
current status. In this paper, the results of the
three-dimensional laser scanning of the triple
church complex in Jerash are presented. The data
shows: 1) the inclination of the ground (east to
west: max. 35 cm / 15 m lower; north to south:
max. 65 cm / 40 m lower), 2) the inclination of the
columns in the nave of St. John the Baptist
(toward  west-southwest, especially  the
north-west one: approx. 4°), and 3) the position of
four columns in the nave of St. John doesn’t make
a square (the northeast one is approx.60cm to
south, and the southeast one is approx. 40 cm to
north). Therefore, it can be supposed the lost
upper structure was originally unstable and

weak.

Structural characteristics of ancient dome in
Jerash

The 2013 World Congress on Advances in
structural Engineering and Mechanics, dJeju,
Korea Vol. 1

pp. 1302-1307

Takashi Hara, Kenichiro Hidaka and Reiko Seta

Jerash is the remains of a Roman ancient city and
is located 48km north from Amman, Jordan. In
the heritage site constructed in mid second
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century, the stately agora, colonnaded streets and
the building beside them have been constructed.
In this paper, the
characteristics of the main dome were analyzed

firstly, structural

numerically based on the shape surveying and
the of the total

structure were studied as well. Then, secondary,

structural characteristics
assuming uneven settlement of the pier due to
the
structural behavior was assessed by FE analysis.
From the the
concentration of total structure was detected by

soil flowage and foundation cutting,

numerical analyses, stress
pier uneven settlement and the portion of stress
concentration coincides with the portion of
cracking and the opening between stone joints.
The numerical results show well the existing
structural behavior and provide us the knowledge

of restorations.

Estimation of the dynamic behaviour of a
heritage structure

The 2013 World Congress on Advances in
structural Engineering and Mechanics, Jeju,
Korea Vol. 1

pp. 1308-1313

Takashi Hara and Kenichiro Hidaka

There are a lot of heritage structures in the
world. In case of buildings, they have been under
severe climate and some structures have been
attacked by strong earthquake. Therefore, to
maintain these structures is quite important to
restore and to conserve for both present and
future generations. Prior to the maintenance of
these heritage structures, it is required to assess
them. The the

characteristics of these structures is one of useful

assessment by dynamic
methods and provides us important knowledge.
the

characteristics of an old architectural structure,

To  measure dynamic  structural
the vibration measurement by a tremor meter
has been often applied. In this study, the dynamic
assessment to Hagia Sophia, Istanbul, Turkey
was performed. The tremors in the old heritage

building were measured simultaneously by 8
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the

combinations of tremor meter placements, 29

tremor meters. By measuring four

node tremors are detected.

Study on structural dynamic behaviors of Hagia
Sophia through micro-tremor measurement

The 2013 World Congress on Advances in
structural Engineering and Mechanics, dJeju,
Korea Vol. 1

pp. 1314-1318

Kota Yamaoka, Takashi Hara and Kenichiro
Hidaka

Hagia Sophia, the well-known domed complex
built by Justinian the Great in the 6t century in
his Capital, Constantinople, the present Istanbul,
suffers from structural deformation and material
decay, which have been caused by repeated
seismic attacks and which accumulated through
centuries down to the present. It is imperative to
understand its structural behavior not only in the
static phase but also in the dynamic phase. Our
results are based upon the data of the natural
frequencies and the mode shapes, which were
obtained through micro-tremor measurement in
situ, using the frequency domain decomposition
method. Of particular

inconsistent vibrations shown in the uppermost

importance are the

part of the north main arch. The structural
analysis of Hagia Sophia, should take due
consideration of the asymmetry of the structure.
The results of our measurements may contribute
to the further clarification of the difference
between the northern and the southern arch,
which were treated to be symmetrical for the sake

of structural simplicity in the past analyses.

Strength of R/C shell panel under combined
loadings

The 2013 World Congress on Advances in
structural Engineering and Mechanics, Jeju,
Korea Vol. 1

pp. 3870-3875

Takashi Hara



In this paper, the load bearing capacity and the
Reinforced
Concrete (R/C) cylindrical shell panel were

deformation  characteristics  of
investigated experimentally and numerically
under combined axial and flexural loading
conditions. R/C shell has 980 x 980mm plan and
10mm thickness. The radius of the shell is
689mm. It consists of micro-concrete and steel
mesh of 0.75mm diameter with 5mm openings.
R/C shell is pin supported at all edges. In this
analysis, the concentrate load was applied
combined with axial compressive force. In
numerical analysis, the ultimate strength of R/C
shell was investigated in the same conditions as
experiments. In experimental analysis, R/C shell
panels were tested under the same loading and
boundary conditions. Comparing both results, the
ultimate strength of R/C shell panels was
discussed.

Strength of R/C shell under combined axial and
flexural loadings

Proceedings of the International Association for
Shell and Spatial Structures (IASS) Symposium
2013, Wroclaw, Poland Vo I. 1

pp. 1-5

Takashi Hara

In this paper, the load bearing capacity and the
deformation characteristics of reinforced concrete
(R/C) cylindrical shell panel were investigated
experimentally and numerically under combined
axial and flexural loading conditions. R/C shell
has 980x980mm plan and 10mm thickness. The
radius of the shell is 689mm. It consists of
of 0.75mm
diameter with 5mm openings. R/C shell is pin

micro-concrete and steel mesh

supported at all edges. In this analysis, the
concentrate or the lateral distribute loads were
applied combined with axial compressive force. In
numerical analysis, the ultimate strength of R/C
shell panels pin-supported on all edges was
investigated under both axial and flexural
loadings. In experimental analysis, R/C shell
panels were tested under the same loading and

boundary conditions. Comparing both results, the
ultimate strength of R/C shell panels was
discussed.

STRENGTHEN THE SUPPORTING
COLUMNS BY CONFINED EFFECTS

16th TAHR Cooling Tower and Air-cooled Heat
Exchanger Conference, Minsk, Belarus Vo |.
1

pp.1-7

Takashi Hara

In natural draught cooling tower, reinforced
concrete (R/C) shell structure is supported by
column system because of taking the cool air into
the shell. Cooling towers have been grown for its
efficiency. Therefore, the stress in the columns
also has been grown. With progressing of concrete
technology, high strength concrete has been used
to construct the frame system of buildings and
the bridge structures. The structural element
made from this material is prone to brittle
behavior. The ductility of these structural
elements must be improved. This paper simulates
the behavior of high strength concrete columns
confined with several FRP materials by FE
analyses. The concrete and the FRP materials are
represented as the solid and the sheet elements,
respectively. From the numerical results, the
characteristics of FRP wrapping effects are
presented. And the strength of the column was
improved. The numerical results are compared
with the experimental From the
comparison of both results, the strength by FEM

well simulates the experimental results.

results.

Space structure system considering 3D facade
Advanced Material Research Vo I. 831
pp. 100-104
Yuri Kawamura, Takashi Hara

In recent years, temporary housing built in a
stricken area has been built by steel construction.
But temporary housing could not be built unless

an engineer went to a stricken area and the
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building could carry a short-time loading like an
earthquake or wind loading. This research aims
to develop the permanent box unit construction
which is carried and assembled a part by victims.
Analysis model used the carbon fiber reinforced
concrete in order to make a concrete ductile
without using a reinforced bars. The linear model
was analyzed with FEM software. The analysis
was carried out and the validity of a temporary
housing was confirmed.

Load carrying capacity of reinforced concrete arch
structure considering loading condition
Advanced Material Research Vo I.
pp. 105-109

Tomoe Kirita, Hitoshi Mitsunaga, Takashi Hara

831

The design guideline of R/C shell has not been
established in Japan because of several technical
difficulties. It is possible to analyze the strength
of R/C shell by means of the finite element
method but precise experiments are required to
verify the analytical results reliably. Therefore,
this research conducted the loading test of R/C
arch as the basic form of R/C shell. Two kinds of
R/C arch without initial imperfection were set
under several loading conditions and were
analyzed the load carrying characteristics of R/C
arch with idealized pinned support. Consequently,
it becomes clear that the axial stress and flexural
stress of R/C arch depend on the shape of R/C
arch and these combinations strongly influenced
the deformation behavior and the strength
characteristics of R/C arch.

Structural behavior of FRP tunnel lining
Advanced Material Research Vo |. 831
pp. 115-119

Takaghi Hara

This paper represented the numerical analysis
of the tunnel lining which was wused for
maintaining the old tunnel. The tunnel lining was

made from FRP corrugated sheet that supported
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the lining concrete in the tunnel and flowed the
water or / and the moisture swept on the tunnel
surface. The FRP sheet was supported by the
anchor bolts. In numerical analysis, the finite
element degenerate shell was adopted to
represent the FRP behavior. Firstly, the proposed
FRP sheet was adopted and the distribute load
equivalent to the concrete peeled from the tunnel
lining was applied and the stresses of the FRP
sheet, the tensile force of bolts and the deflection
of FRP sheet were investigated. Then, secondary,
the FRP corrugated sheet with longitudinal cover
strip was investigated. From the numerical
analysis, the effectiveness of the FRP corrugated

sheet was confirmed.

Fundamental analysis of the ultimate strength
characteristics of R/C arch considering loading
conditions

Advanced Material Research Vo I.
pp. 120-123

Hitoshi Mitsunaga, Takashi Hara

831

This paper presented the result of analysis
about R/C arch by use of finite element method.
The design method for R/C shell has not been
established due to its numerical difficulties.
Using the finite element method, it was possible
to analyze these structures. However, the precise
experiments were required to verify the reliability
of these analyses and it was necessary to improve
the numerical analysis. An R/C arch is a basic
form of the R/C shell. Under various conditions,
that was, R/C arch without initial imperfection,
different rise-span ratio, three types of loading
points and supporting conditions, loading tests of
R/C arch were performed. After experiment,
analysis was also carried out. And as the result
compared experimental and numerical results,

accuracy of this analysis method was elucidated.

Tunnel Lining with Corrugated FRP Sheets
COMPUTING IN CIVIL AND BUILDING
ENGINEERING €ASCE 2014 Vol. 1

pp. 761-768



Takashi Hara

This paper represented the numerical analysis
of the tunnel lining which was used for
maintaining the old tunnel. An old tunnel covered
with a concrete is prone to deteriorate due to an
aging effect and a water penetration. In the
rehabilitation of lining concrete, a steel plate and
FRP (Fiber Reinforced Plastics) or carbon sheet
have been applied. However, these sheets show
small flexural rigidity and do not flow out the
penetrating water. In this paper, FRP corrugate
sheet was proposed. The tunnel
lining was made from FRP corrugate sheet that
supported the lining concrete in the tunnel and
flowed the water and the moisture swept on the
tunnel surface. The FRP corrugate sheet was
supported by the anchor bolts. In numerical
analyses, the finite element degenerate shell was
adopted to represent the FRP sheet behavior.
From the numerical analysis, the effectiveness of

the FRP corrugate sheet was confirmed.
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