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Basic Study on the Propulsion System of Future Transportation
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Masatoshi SUGIOKA™, Kazuyuki HIGASHINO ™, Shinji ISHIMOTO™, Nobuyuki AZUMA™

(Ffa=ftH ¥Rk 26411 A 28 H

FOCZEEH ER274E1 A 22 H)

Abstract

The feasibility of GG cycle reusable rocket engine is examined in this study based on the
requirements of JAXA reference mission. Bioethanol is used as fuel and LOX is used as oxidizer. The
combustion chamber pressure, the expansion ratio and the fuel injection temperature are set to 7
MPaA, 25 and 390 K. As a result, 0.6 in its turbine/pomp efficiency and 0.954 in its Isp efficiency are
needed to satisfy the mission requirements. Besides, the experimental study was conducted to confirm
the validity of anticorrosion coating on A6061 alloy in high-pressure and high-temperature ethanol.

Keywords : Bioethanol, Reusable Rocket Engine, GG Cycle, Anti-Corrosion Coating
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Characteristic Evaluation of Endothermic Fuel
for Regenerative Cooling System
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Abstract
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ZEH SEREK2741 A 22 H)

There exists the regenerative cooling system using endothermic fuel for refrigeration as one of the
means for cooling heat load of hypersonic vehicle. The hydrocarbon fuel has been known to exhibit
the endothermic thermal decomposition reaction. Cooling capacity of the regenerative cooling
becomes about three times by employing the endothermic reaction. In the present study, endothermic
thermal decomposition characteristics were verified experimentally and analytically for the fuels
tested in order to construct the regenerative cooling system using the endothermic thermal
decomposition by the catalytic reaction of methylcyclohexane (MCH) and bioethanol (BE). From the
experimental results, it was found that the decrease of initiation temperature in the decomposition of
fuels was about 350 K for MCH and 150K for BE with the catalysts, respectively.

Keywords :Endothermic Fuel, Regenerative Cooling System, Catalytic Reaction, Methylcyclohexane,

Bio Ethanol
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Application of Aluminum — Water Reaction for Space Satellite
Propulsion

Kazuyuki HIGASHINO*""2, Hideyuki ONODERA ", Masatoshi SUGIOKA ™2, Ryoji IMAI*!*,
and Ideo MASUDA™

(FfE=AfrH k26 411 A 28 H

FOCZFLA  ER 2745 11 22 A)

Hydrazine has been extensively used as one of fuel for spacecraft and satellite propulsion. However,
hydrazine is toxic to human body and global environment. Therefore, the fuel for space plane needs
the non-toxic clean fuel. Hydrogen has been extensively used as fuel for spacecraft propulsion system,
which is environmentally friendly fuel. Hydrogen is generally produced by steam reforming of fossil
fuels, but carbon dioxide (CO2 ) is formed as by-product which causes global warming. We have
been investigating the development of new hydrogen production by using aluminum with water.
Hydrogen production by aluminum with water forms only hydrogen and aluminum hydroxide. In this
study, we investigated the control method in the production of hydrogen using Al powder by changing
the reaction temperature, the size effect of Al powder on hydrogen production ability and the
development of new Al alloys (Al-X: X= Sn, Zn, etc. ) for hydrogen production.

Keywords : Al- H20 Reaction, Hydrogen, Clean fuel, Non-toxic propellant, Spacecraft propulsion
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RRAUEETIHMEABE A BETH Y, HERIELE
EDJERTH D CO ZREIET D.
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Al B4 FER®: £ 312 Al 542 =7,
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CTHf S, TE O FEBREFICET 5 E T
K FE R A G 5.

XRD 5347 : RS %OWE (k) & BIROIRE
s b EIEZ5EEL CXRD O ATV, £
DOE AR 2 FETD.
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A-40%2n

A-404Sn
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B, TV AT v o NET], KRBT AJE, ¥
VOB (ROWMERZMDT-0) OFHA &
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Study of Propulsion Engine for Oowashi 2

Ryojiro MINATO, Kazuyuki HIGASHINO and Nobuhiro TANATSUGU
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Abstract

Supersonic Unmanned Aerial Vehicle Project proceeds in Aerospace Plane Research Center
at Muroran Institute Technology. The Gas Generator cycled Air Turbo Ramjet Engine is the
most promising candidate for propulsion engine for this UAV. For this GG-ATR engine, its
fuel and oxidizer are bio-ethanol and liquefied oxygen (LOX), respectively.

The present paper describes about GG-ATR engine cycle analysis, design and
manufacturing of engine components, ground test facilities. In addition, the authors
describe about future study plan for ground test of GG-ATR engine.

Keywords : Gas Generator Cycle Air Turboramjet Engine, Bio Ethanol
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Guidance and Control System Technologies for Autonomous
Flight of Unmanned Air Vehicle

- Toward the realization of Guidance, Navigation and Control System for Owashi-II -

Masazumi UEBA™™2, Ryotaro TAKEUCHI"3, Tomoya YAMASHITA™, Shigehiro YOKOTA™

(FfaszArH Rk 264 11 A 28 H

ROCZELH PRL274E 1A 22 A)

In order to realize unmanned air vehicle (UAV) which can fly autonomously, it is necessary to
develop guidance, navigation and control system technologies as well as telemetry and command
system technologies. The former achieves the required trajectory and attitude, the latter monitors the
flight condition of the UAV and directs the adequate command in case of emergency. Besides, in the
development of Owashi II, small-scale unmanned supersonic airplane, we need to establish required
technologies by validating step by step. This paper describes the status of the development of the two

systems.

Keywords : Guidance, Navigation and Control, Telemetry and Command, Unmanned Air Vehicle
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Structure Development of Oowashi No.2

Ken HIGUCHI"!"*? and Nobuhisa KATSUMATA™!*2

(RFEATH FRk 26411 A 28 H @O PEH SERk 2741 A 22 H)

Abstract

Technological research and development on the structure system of the supersonic aircraft are
required to construct the supersonic flying test bed (FTB). Lightweight and high performance
composite materials will be used where possible portions of the structures. The structure must be
designed considering various interfaces, such as aerodynamic performance for take-off/landing and
supersonic flight, guidance and control for autonomous flight, wireless communications for flight
information, propulsion system components, thermal protection for onboard equipment over a broad
range of temperatures from cryogenic to very high temperature, impact loading due to landing shock,
and flight maneuvability, along with recovery/reusability. The circumstances, the present state of the
structure design, and the required developmental research are summarized here, and the remaining
problems for the design of flight model of Oowashi No.2 are presented.

Keywords : Supersonic flying test bed, Structure development, Composite materials, Aircraft
subsystem interfaces
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Aerodynamic Design, Characterization, and Flight Capability
Prediction of the Small-scale Supersonic Flight Experiment Vehicle

“Oowashi”

Kazuhide MIZOBATA "2, Sakae OISHI™, Yoshihiro SUZUKI™, Satoshi KONDOH™ and Tsubasa

TOGUCHI™

(FfazfrH  ERk 264511 A 28 B G sC=HEH PR 2741 H 22 H)

Abstract

Innovation in technologies for high-speed atmospheric flights is essential for establishment of both
supersonic/hypersonic and reusable space transportations. It is quite effective to verify such
technologies through small-scale flight tests in practical high-speed environments, prior to installation
to large-scale vehicles. Thus we are developing a small-scale supersonic flight experiment vehicle as a
flying test bed. Two generations of aecrodynamic configuration with a cranked-arrow main wing are
proposed. Their aecrodynamics are analyzed intensively through wind tunnel tests and are found to be
favorable. On the basis of the aerodynamic characterization and propulsion design analysis, it is
predicted that some thrust enhancement and/or drag reduction in the transonic regime are required for
realization of supersonic flights up to Mach 2. For this end, aecrodynamic configuration modification
based on the area rule is being applied.

Prior to the construction of the supersonic vehicles, a full scale prototype vehicle and subscale
vehicles are designed and fabricated in order to verify the subsonic flying characteristics through flight
tests. Preliminary flight tests of the 1st-generation prototype vehicle are carried out and good flight
capability in subsonic regime is demonstrated. In addition, a subscale vehicle is being fabricated in
house for cost-effective and repeated preliminary flight tests.

Keywords : Cranked-arrow wing, Supersonic, Flying Test Bed, Flight Test, Jet Propulsion
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High Speed Test Track

Daisuke NAKATA'*2, Nobuhiro TANATSUGU™, Kazuyuki HIGASHINO™!*2, Tatsuya OGURA ™,
Shinya SASAO ™ and Kaoru TATEOKE™
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Abstract
Muroran Institute of Technology has constructed High Speed Rocket Sled Track Facility in 2009 and
it is in use for many practical experimental tests with commercial companies and academic
organizations. In this paper, fundamental studies on the propulsion system, the deceleration system,
structure design, running profile estimation program and the onboard balance system are described.

Keywords : High Speed Test Track, Rocket Sled, Water Drag, Hybrid Rocket, Anti-G Test
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Abstract
In supersonic wind tunnels, the humidity content of the working fluid is known to have a significant
effect on flow conditions in the test section. The intent of this paper is to evaluate the influence of
moisture on the test section flow quality for the indraft supersonic wind tunnel located at the Muroran
Institute of Technology. The static-pressure fluctuation is measured by means of an unsteady pressure
sensor buried in a 10-degree-aperture cone model installed in the test section. The results show that
supersonic flow at Mach 2 is contaminated by the self-sustained oscillation of a condensation shock
wave for ambient relative humidity greater than approximately 50%. It is also found that for the Mach
2 flow, that the ratio of the static-pressure fluctuation to the dynamic pressure is less than 0.1%, if the
absolute humidity is kept below a critical value of 2[g/m?]. Experimental observations also reveal
that the three-dimensional boundary-layer transition process is hypersensitive to the influence of

free-stream humidity.

Keywords: Supersonic flow, humidity, condensation shock wave, free-stream property

1 INTRODUCTION

Dry air is generally used in supersonic ground test
facilities, in order to avoid the condensation of water
particles present in humid air. When humid air is
expanded to supersonic conditions, a supersaturated
condition often results, wherein no condensation occurs

even when flow temperatures drop below the dew point.

However, the generation of tiny water droplets in the
flow for any reason, spawns a sudden, homogenous
condensation process. When water particles are con-
densed in a supersonic nozzle, latent heat is also
released. A condensation shock wave forms down-
stream of the nozzle throat, and due to the large
latent-heat release, thermal choking results in the self
-sustained oscillation of the shock wave. The mecha-
nism for this oscillation has been reasonably explained
in a series of experimental studies by Matsuo!? et.al.,
using a Ludwieg tube. The latent-heat release also
influences the accuracy of a Pitot-static tube for Mach
number measurements®>. Numerical calculations® for
viscous flow at large subsonic Mach number, have
shown that the lift-to-drag ratio is decreased as relative
humidity is increased, due to the presence of this
condensation shock wave.

*1 Muroran Institute of Technology, Aerospace Plane
Research Center
*2 Muroran Institute of Technology, Division of Aero- space

Engineering (Completed)

Since the supersonic wind tunnel located at the
Muroran Institute of Technology (MIT henceforth) is of
the indraft type, the supersonic flow in the test section
is expected to be much quieter than that attained in
equivalent blowdown-type wind tunnels, which employ
a high pressure reservoir tank, with the attendant flow
noise created when the flow exits this tank and enters
the duct upstream of the test section. However, because
ambient atmospheric humidity can produce additional
disturbances as discussed above, it is important that the
flow quality of any such indraft tunnel be assessed and
quantified, especially for potential use in the study of
laminar-to-turbulent transition, which is well known to
be sensitive to free-stream noise.

The objective of the present paper is to evaluate the
flow quality of the MIT wind tunnel, taking into
account the influence of atmospheric conditions such as
temperature, pressure, humidity and so forth. In order
to evaluate the flow quality in the test section, static-
pressure fluctuations in combination with condensation
density are measured. A 10-degree-aperture cone
(known to be the canonical model for static-pressure
fluctuation measurements) was newly prepared for the
present research and installed in the middle of the test
section with an unsteady pressure sensor buried within
the model. Further since light is scattered by tiny water
droplets in the mist created by condensation, a sophis-
ticated new method, which employs five sets of
laser-photo diodes aligned to the axial flow, was
invented to evaluate the condensation density in the test
section. It is well-known that boundary-layer transition
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is sensitive to the disturbance environment in the mean
flow, and the flow quality is often judged by the
observed absence or presence of certain disturbance
modes. For example, three-dimensional boundary
layers exhibit instabilities to both stationary and
traveling disturbance modes. Since both modes are
sensitive to flow disturbances™), the appearance of
these modes is often used as an indicator of the flow
quality. Low free-stream disturbances favor the
stationary mode and vice versa. It is well-known that
stationary mode is hypersensitive to surface roughness.
Thus, surface-flow visualization by means of surface-
oil flow technique on a yawed circular cylinder model
(which typifies swept-wing flow near the leading edge)
is often made to confirm the low free-stream distur-
bance environment. In addition, hot-wire measurement
is made to observe the traveling mode.

2 Experimental apparatus

2.1 Supersonic wind tunnel

For Mach 2, 3 and 4 flows, the MIT supersonic wind
tunnel has three different nozzle blocks which are 2m
in streamwise length and expand vertically while the
transverse dimension is held constant, resulting in a
400 mm square test section. Two Schlieren windows
are installed on the side walls of the test section and the
Mach 2 nozzle block was used for the present experi-
ment. The tunnel outlines are illustrated in Fig.1.

(a)

Outside
H il
b

| = SU—

1 ! 1 1

Bell-mouth section Test section Start valve tank
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(b)

Fig. 1 MIT supersonic wind tunnel. (a) Plan view and (b)
Side view.

Atmospheric air is sucked through a round-shaped
bell mouth installed outdoors, and a conversion duct
installed between the bell mouth and the nozzle block
with a diameter of about Im changes the round cross
section to a rectangular shape. Downstream of the noz-
zle block, a sting holder for model support is mounted
in the test section, and aft of the sting, a butterfly valve
for intermittent operation is installed. Further down-
stream of the valve, five vacuum tanks with a total
volume of 500 cubic meters are installed, allowing a
blow duration of roughly 12 seconds independent of
nozzle block. More details regarding this wind tunnel
except for the tanks can be also seen in Ref. 10.

2.2 Condensation-density measurement and absolute
humidity

When atmospheric humidity is high, the supersonic

Inside Outside

o
vacuum

I
[\

i ==

flow in the test section is perceptibly clouded due to
condensation. Since this condensate consists of tiny ice
particles that scatter light, the condensation density can be
evaluated using a laser beam across the main flow in
combination with a photo diode receiving the perme-
ated laser beam. For the present experiment, inexpen-
sive red-color laser pointers with a wavelength of 650
[nm] and a PIN photo diode with maximum sensitivity
at 970[nm] (Hamamatsu Photonix Model S6775) were
employed. Although this photo diode does not have its
maximum sensitivity at the wavelength of the laser
beam, it was found that the beam receiver has sufficient
sensitivity to evaluate the condensation density.

Because high humidity air lends to self-sustained
oscillation in the supersonic nozzle, both time-averaged
as well as time-dependent components of photo-diode
output were observed. Furthermore, oscillating patterns
in the streamwise direction were tracked, thus pro-
viding a measure of convective velocity from the phase
delay between time traces. To accomplish this, five
identical sets of the laser-photo diodes separated by a
streamwise distance of 45[mm] were horizontally
installed in the streamwise direction as shown in Fig.2
and these outputs are simultaneously acquired at a
sampling rate of 5[ ££5 ] or 10[ s ] with the use of an
NF Block Model EZ-7510, which will be mentioned in
detail in subsection 2.4.

[ Photo-Diode Amp | NF Data Logger £z 7510 |

El [ Array of Photo Diodes |

EI EI H E‘ I_ﬂ [ Array of Laser Diodes |

Fig. 2 Five pairs of laser-photo diodes horizontally aligned
in streamwise direction with an interval of 45[mm] in test
section downstream of supersonic nozzle.

Schlieren Window

The absolute humidity D[g/m?®] of the atmospheric
air was calculated from the relative humidity U[%]
with the use of the following psychrometric relations
(see Ref. 11):

D= Ux0.794xEXP(e)/100, (1)

e=(6096.9385/T +21.2409642

—0.02711193xT +1.673952x107° x T"*
+2.4335xIn(T))/(1+0.00366 %),

where e is the evaporated pressure[Pa], 7 at absolute
temperature [K] is 7=273.15+¢, ¢ being the dry air tem-
perature in [°C ]. Hereafter absolute humidity and rel-
ative humidity are called AH and RH, respectively, and
AH3.1 represents an absolute humidity of 3.1 [g/m?]
and RH50 corresponds to relative humidity of 50[%].
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2.3 10-degree-aperture cone model and yawed
cylinder model

For free-stream noise evaluation in dry-air super-
sonic flow, the use of a total-pressure probe (identical
to a Pitot tube) is preferable to a static-pressure
measurement. This reason is based on the inherent
nature that static-pressure fluctuations consist of
contributions from both free-stream turbulence and
fluctuations arising from boundary-layer physics which
cannot, in general, be deconvolved. A total-pressure
probe, however, is not always preferential for free-
stream noise evaluation in the case of humid air as a
working fluid. Because atmospheric humidity in the
Muroran district varies considerably throughout the
year, the evaluation of the free-stream disturbance
environment must account for this seasonal variation.
In an indraft tunnel drawing in atmospheric air, ambient
water vapor changes into ice particles during the flow
expansion through the nozzle, and downstream when
these ice particles pass through the bow shock, they
again change phase into water vapor or water droplets.
If a Pitot tube were to be employed under such high
humidity conditions, the stagnation point, where the
pressure-sensing elements are placed, would be con-
taminated by water droplets. Consequently, the pressure
sensor may indicate a misreading and perhaps more
importantly, suffer from the possibility of deterioration
or fatal damage due to water droplet impingement.

Boundary layers developing on the inside walls of
the test section are turbulent under normal operation
and static-pressure measurements on the inside walls of
the test section are therefore unsuitable in the assess-
ment of the free-stream static-pressure fluctuation,
because turbulent motion in the boundary layer also
spawns pressure fluctuations. To avoid this compli-
cation, static-pressure measurements for free-stream
noise evaluation were conducted using an AEDC cone
model rather than a Pitot-tube measurement.

In support of this, an AEDC 10-degree-aperture cone
model was newly constructed for static-pressure
measurements. A schematic of the cone model cross
section is shown in Fig.3a, which indicates that the
model has a total length of 250[mm] with a 70[mm]
long stainless steel initial portion having a tip radius of
0.14[mm], and the remaining part of the cone made
from the VESPEL® insulating material. The surface
roughness of the metallic portion is approximately
0.21[zm]in the center-line averaged roughness, while

the surface finish of the rest is, and the discontinuity
between the metallic and VESPEL parts is less
than 5[m]. A Kulite unsteady pressure sensor Model

XCQ-62-350mBARD (5[PSI]=34.5[kPa]) with an ex-
ternal diameter of 1.65[mm] was vertically buried
beneath a hole with a diameter of 0.5[mm] located 120
[mm] downstream of the tip. The distance between
the cone surface and top surface of the pressure sensor
should be as small as possible in order to avoid the
influence of any Helmholtz resonance frequency. For

the present model, the distance was fabricated at
0.5[mm], resulting in a resonance frequency of
approximately 50[kHz], which is considerably higher
than the rolloff frequency of 30[kHz]. Four static-
pressure ports with a diameter 0.5mm spaced evenly at
90 degrees around the model 245[mm] downstream of
the tip were installed with one port connected to the
back pressure of the Kulite sensor. A Model CDV-700A
DC amplifier manufactured by Kyowa Electronic
Instruments was employed to condition the pressure
signals.

Due to the concern of extremely low frequency
components in the static pressure fluctuations raising
the overall level, all waveforms were post-processed
during data reduction to remove these components and
their RMS values calculated in an Excel spreadsheet.

According to the existing database'? regarding
static-pressure fluctuations on the AEDC model, the
transition Reynolds number is expected to be 5-6x10°
under a mean-flow condition with a static-pressure
fluctuation level of 0.1%-0.3% of the dynamic pressure.
Therefore, the position of the installed pressure sensor
was set to correspond to a Reynolds number of
approximately 0.8 x10°, to insure that boundary layer
on the cone at that location retains the laminar state.

For 3-D boundary-layer transition studies, a stainless
steel yawed circular cylinder model with a diameter of
40[mm] and a length of 500[mm] at a yaw angle of 60
degrees was fabricated. The model was installed in the
test section in the vertical plane with both ends of the
model cut so as to be parallel to the main stream. An
oil-flow technique was employed to visualize the
cylinder surface flow. The chemicals utilized for visual-
ization were comprised of a mixture of oxide titanium,
oleic acid and liquid paraffin mixed in the ratio of

120 | 130

o ‘ —s[ |25

Stainless steel Vespel
Pressure transducer

Four static pressure ports

Fig. 3 Wind tunnel model. (a) 10-degree-aperture cone
model, (b) yawed circular cylinder model. Unit in mm.

1:2:8. A video camera was employed to capture the
cylinder surface oil flow under the Mach 2 flow condi-
tion, and a still camera was used at the end of the blow.
2.4 Data acquisition and analysis
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All acquired analog data were stored in a data logger
Model EZ-7510 supplied by NF Block, which has eight
analog input ports with a resolution of 16 bits at the
maximum sampling rate of 1MHz. For the present
measurements, the sampling rate was set at either
100[kHz] or 200[kHz] per channel. An anti-aliasing
filter (Nippon Audio Model PGF-8, 100dB/Oct) for
each analog input port was used with the one-half
frequency of the sampling rate. Acquired data from
the unsteady pressure sensor and the photodiodes were
reduced by the use of Matlab or Excel spreadsheet.

3 Experimental results

3.1 Evaluation of vapor condensation

As shown in Fig. 2, laser beams, which vertically
permeate through the Schlieren window at the test
section, are received by photodiodes on the other side
of the test section, and the photodiode outputs in DC
coupling mode are stored on the Logger EZ7510.
Figure 4a compares four typical waveforms of the
diode outputs acquired at various atmospheric condi-
tions; i.e. (AH2.9, RH52), (AH5.0, RH44), (AH6.6,
RH52) and (AHS8.9, RH78). The vertical axis indicates
the intensity of the received beam and is arbitrary but
permits a relative amplitude comparison between wave
-forms. Also, the waveforms are arbitrarily shifted on
the horizontal time axis in this figure.

Prior to a given wind-tunnel blow, each waveform
holds constant indicating no optical obstruction, but
suddenly decreases at a certain time which corresponds
to the starting time of the blow. Because the laser beam
completely scattered initially, the photodiode output
should be zero, showing that complete beam scatter in
all cases is noticeable at the starting time. It is apparent
that the light scatter is due to condensation of water
vapors attendant in atmospheric air.

For the case of (AH6.6, RH52), small but regular
periodic fluctuations superimposed on the photodiode
output before and after the start time are observable and
attributable to the hum component 100[Hz], because
room lighting was turned on during the blow.

The four photodiode data plots shown in Fig.4 may
be classified into two groups. For cases where AH is
less than 6.6[g/m’], it may be seen that photodiode
output is held constant for an interval of 0.4 seconds
right after the start, indicating that supersonic flow was
steadily established. However, for the highest humidity
case of AHR.9, a thick width of waveforms is observed,
and the diode output oscillates periodically at 225[Hz]
as shown in Fig.4b, where the time axis is enlarged. For
this case, the mean intensity of the penetrated laser
beam is reduced to 48% of that before the start and the
peak to peak of its amplitude reaches as large as 65%.
The origin of this large oscillation is related to the
condensation process of water vapor present in the air
near the supersonic throat. Also, it may be inferred that

the high frequency selectivity of the oscillation is
characteristic of a self-sustained oscillation.

For cases less than AH1.9, the photodiode output is
observed to be virtually constant, except during the
transient time right after the flow is started.
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Fig. 4. Characteristic properties of permeated laser beam
against humidity before and after the blow. (a) Comparison of
photo-diode outputs, (b) Diode output in enlarged time scale
in case of AH8.9, (c) Permeated beam ratio against absolute
humidity, (d) Condensation-oscillation frequency against
absolute humidity, (e) Condensation oscillation frequency
against relative humidity.

Figure 4c shows a plot of the photodiode output against
absolute humidity together with a straight line obtained
from the least squares method. The intensity of the
penetrated laser beam linearly increases as absolute
humidity decreases. Figure 4c also shows that the beam
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is completely intercepted by condensation in the case of
absolute humidity larger than AH18, whereas for the
case of absolute humidity less than AH2, no beam
scatter at all was observed.

The periodic oscillation of condensation versus
absolute humidity and relative humidity is illustrated in
Fig.4d and 4e, respectively. The first appearance of
periodic oscillation is observed for relative humidity
larger than roughly 50% relative humidity as indicated
by the waveforms shown in Fig.4a. Although periodic
oscillation has no strong correlation with absolute hu-
midity, it is expected that there is a certain relation-
ship between oscillation frequency and relative humid-
ity. To support this assertion, an empirical formula
proposed by Matsuo et. al.V is also plotted in Fig.4e.
This formula provides that the condensation frequency
varies as relative humidity raised to the power of 1.76,
times the total temperature 7y to the power of 0.5, and
exhibits good agreement with the present data
assuming that 7p is held invariable, due to the fact that
the variation of 7pis small in the present experiment.

In order to measure the convective velocity of the
condensation fluctuation in the streamwise direction,
five pairs of the laser-photo diodes spaced at an interval
of 45mm and aligned in the flow direction, were
simultaneously acquired as shown in Fig.5. In this
figure, the photo diode output under the condition
AHS8.9 and RH78 (which is a case of the highest
humidity in Fig.4a), is replotted for phase comparison.
It should also be noted that the amplitudes of the five
wave traces are evenly amplified, despite the fact that
each photo-diode sensitivity to laser beam intensity is
different. Nonetheless it is apparent that the phase of
the diode outputs numbering from upstream to down-
stream, gradually decreases. The difference in phase
between signals was calculated by means of the
cross-correlation function.
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Fig. 5 Simultaneously acquired output traces of arrayed photo
diodes.

As a result, the phase difference between the most
upstream and the most downstream sensors is 0.356
[ms] for a spatial separation of 180[mm], correspond-
ing to a phase velocity of 505[m/s], which is almost
equal to the main stream velocity obtained from the

Pitot-static measurement. Taking into account the
accuracy of the Pitot static-tube measurement affected
by humidity, it could be concluded that condensation
fluctuation propagates downstream, convected by the
main flow.
3.2 Static-fluctuation measurements on cone model
The previous results suggest that the oscillation of
vapor condensation induces a static-pressure fluctua-
tion in the test section and static-pressure fluctuation
measurements using the 10-degree-aperture cone model
are shown in Fig.6. Four typical time traces from
static-pressure sensors under different humidity condi-
tions are shown in Fig.6a and the corresponding
spectrally analyzed results are shown in Fig.6b.
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Fig. 6 Comparison of static-pressure fluctuation on cone
model and photo-diode output against absolute humidity. (a)
Waveforms of static-pressure fluctuations, (b) Power spectra
of static-pressure fluctuations, (c) Power spectra of static-
pressure fluctuation and photo-diode output.

Since the waveforms are shifted for comparison,
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these amplitudes are comparable in each other. Also,
corresponding power spectra also are shifted by +15 dB
on the basis of the case of (AH1.9, RH38). A static
pressure fluctuation for the case of the highest humidity
(AHS8.9, RH78) was previously illustrated in Fig.4 and
is compared with the laser-photo diode measurements.
It is expected that static-pressure fluctuation for the
lowest humidity case (AH1.9, RH38) in terms of both
absolute humidity and relative humidity, should be the
smallest in amplitude. This result is consistent with the
spectral analysis, indicating that there are no peculiar
spectral components in the whole frequency range and
spectral components tend to monotonically decrease as
frequency is increased. For this case, the ratio of the
intensity of the static-pressure fluctuation to the
dynamic pressure is less than 0.1[%] as will be
discussed later. On the other hand, for the case of the
highest absolute humidity, the static pressure is
observed to fluctuate periodically, and the peak to peak
of the fluctuation reaches approximately 1[%] dynamic
pressure. Also, spectral analysis of this fluctuation
reveals discrete components corresponding to 225[Hz]
and higher harmonics. The fact that this frequency
agrees with that obtained from the laser-photo diode
measurement suggests that the self-sustained oscillation
due to condensation directly affects static pressure in
the test section. For further confirmation, the spectrum
of the photo-diode output is compared with that of
static-pressure fluctuation in Fig.6c, where it is
apparent that the periodic oscillations, including higher
harmonic components are closely correlated with the
AEDC cone measurements. Perhaps the most interest-
ing point, however, is that except for these periodic
oscillations, the baseline of the spectral components
shows no difference between them, i.e. there are no
irregular components present in the photo-diode output
of Fig.5. This phenomenon is different from the other
two cases of humidity level, without self-sustained
oscillation due to condensation shown in Fig.4.

For the two cases of (AH2.9, RH52) and (AH2.9,
RH62), which are the same absolute humidity, but
different relative humidity, no clouded contamination
was visibly perceivable and the laser intensity was
reduced to -5[%] under (AH2.9, RH52), while for
(AH2.9, RH62) no reduction in laser intensity occurs.
The common phenomenon is spiky signals overriding
on top of fluctuating static-pressure waveforms,
indicating that spiky signals are more prevalent for
lower relative humidity flow, rather than the higher
case. As a consequence, a comparison of the spectra
shown in Fig.6 shows that static-pressure fluctuation
over the frequency range of 1-30 [kHz] is high
compared with the other two cases as aforementioned.
This suggests that such spiky signals not observed in
the other two cases contribute to raising fluctuation
components in the frequency range of 1-30[kHz]. The
pulse width of the spiky signal is roughly 0.2[ms] to
0.5[ms] which corresponds to 120 to 240[mm] in the

streamwise direction assuming that the flow velocity
along the cone is roughly the same as that of the main
flow (500[m/s]). The origin of fluctuations with this
spatial scale may be inferred as follows: when tiny ice
particles generated near the supersonic nozzle under
high humidity conditions pass the conical shock wave
at the tip of the cone model, a phase change from ice to
liquid occurs, and the resulting liquid particles are
retarded because of the endothermic latent heat process,
which results in an increase of the static pressure.
Therefore, it can be inferred that when phase changing
particles pass near the pressure port, a positive pressure
rise occurs. On the other hand, under the high humidity
conditions which accompany self-sustained oscillation,
the phase change of ice particles synchronizing with the
oscillatory condensation, does not contribute to an
increase of fluctuations in the 1-30[kHz] frequency
range. In order to confirm the above speculation,
simultaneous measurements of static pressure together
with a hot-wire anemometer installed slightly down-
stream of the static pressure port are planned in the
future. Also, in the case of (AH2.9, RH52), the output
from the photo diodes sometimes indicates falling
pulses, which may be ascribed to the passage of ice
particles through the laser beam.

The RMS values of static-pressure fluctuation
against absolute humidity and relative humidity are
illustrated in Fig.7. The results show that as absolute
humidity and/or relative humidity are decreased,
pressure fluctuation level tends to decrease. It does not
seem, however, that the level of static-pressure
fluctuation is correlated with either absolute humidity
or relative humidity. Nevertheless, Figure 7 shows that
below AH2.0 a fluctuation level of 0.1% of the
dynamic pressure of the flow obtains in the Muroran
district in winter, which is generally regarded to be a
quiet supersonic flow'?.  Under such low humidity at-
mospheric conditions as well as under the compara-
tively high humidity condition accompanying conden-
sation oscillation, an experimental study regarding 3-D
boundary-layer transition was conducted to document
the effect of humidity on such a transition process.

3.3 Transition study on 3-D boundary layer

Surface-oil flow pattern on a yawed circular cylinder
model is shown in Fig.8a for the case of (AH2.9,
RH56). Although the flow quality did not satisfy the
quiet supersonic flow condition with a static pressure
fluctuation below 0.1[%] of dynamic pressure, Figure
8a is one of several captured snapshots, showing
comparatively clear striations. The visualized region is
downstream 30 degrees from the attachment line, be-
cause the flow near the critical point for the cross-flow
instability is hypersensitive to surface roughness,
resulting in triggering a row of stationary vortices. The
Imm scale and the azimuthal-angle scale ¢ from the
attachment line are taken at the upper portion and at the
right hand in the picture, respectively. Many striations
downstream of ¢ = 40° are visible.
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The wavelength A along the white line parallel to the
attachment line at¢@ =50° was calculated by digital
image analysis as shown in Fig.8b. This result shows

L L

Wave length  A[mm]
Fig. 8 Three-dimensional boundary layer transition on
yawed cylinder model under (AH2.6, RH52), (a) Visualized
pattern by surface-oil flow technique, (b) Spectrum by means
of image analysis along white line at ¢ = 50°in Fig.8a.

Arbitrary scale

approximately A =0.9[mm], while compressible linear
stability analysis'¥ under the present experimental
condition predicts this wavelength to be 0.82[mm].
Good agreement between experiment and analysis
suggests that the striations may be attributable to the
action of a row of stationary vortices originating from a
cross-flow instability.

On the other hand, for the case of AH6.9 which is
accompanied with the aforementioned self-sustained
oscillation, video image visualized surface flow shows
that although streaks were slightly visible at the
incipient time of the blow, eventually the stationary
structure disappeared by the end of the blow, as shown
in Fig.9. It is suggestively shown that high free-stream
disturbance flow is unfavorable for the growth of the
stationary cross-flow mode.

Also, a traveling cross-flow mode under the
extremely low humid environment was observed by
means of hot-wire anemometer measurements and also
compared with stability analysis. This time-dependent
modes peaking at approximately 60kHz and growing
downstream as shown in Fig.10a may be identified
with the cross-flow instability mode'¥.

(a) (b)
Fig. 9 Surface-oil flow pattern under absolute humidity of
6.9[g/cm’], (a) Flow pattern at two seconds after blow , (b)
Flow pattern at six seconds after blow.

However, for the case of even slightly high humidity
condition (AH2.12, RH60), similar hot-wire measure-
ment at ¢=60°does not show the signature of the
traveling mode, suggesting that the cross-flow in-
stability is hypersensitive to free-stream turbulence.
Under much higher humid condition (AH2.46, RH72),
no distinct components are also observed as shown in
Fig. 10b, in spite of growth of continuous components
over wide range of frequency. Thus, since the influence
of the free-stream noise level as well as the content of
the free-stream noise is quite complex in the process of
boundary-layer transition, further investigation is

required.
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Fig.10 Power spectra of hot-wire anemometer output at
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circular cylinder, (a) Power spectra of hot-wire anemometer
output at various azimuthal positions and (b) Power spectra of
hot-wire anemometer output at two different humid
conditions.
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4 Conclusion

The main flow of an indraft supersonic wind tunnel
drawing air in from the ambient atmosphere is
contaminated by the condensation of moisture present
in the incoming air and the resulting flow properties are
sensitive to atmospheric humidity. In order to quanti-
tatively evaluate the influence of humidity at Mach 2 in
the indraft supersonic wind tunnel located at the
Muroran Institute of Technology, static-pressure fluctu-
ations in the test section with the aid of a 10-degree-
aperture cone model were measured. Also, moisture
condensation was evaluated by the use of an array of
laser-photo diodes beamed across the test section.
Exploiting the characteristic feature that the cross-flow
instability in 3-D boundary layers is hypersensitive to
the flow properties, surface-oil flow visualizations and
hot-wire measurements were employed to confirm the
growth of stationary and traveling modes on the yawed
circular cylinder. Several conclusions may be drawn
from these investigations:

1) The ratio of the static-pressure fluctuation level to
dynamic pressure is less than 0.1% when absolute
humidity is below 2.0[g/m?].

2) For absolute humidity in the range 2-6[g/m’],
positive pressure pulses overriding the static-pressure
fluctuations increase over the frequency range of
1-30[kHz], with a spatial scale in the streamwise
direction corresponding to 120-240[mm].

3) A train of positive pulses overriding the static-
pressure fluctuation are ascribed to the passage of
liquid particles accompanying latent heat release due
to phase change from ice particles near the static
-pressure port.  Such static-pressure pulses are
attributable to the endothermic process associated
with the ice particles changing to liquid particles
when they pass through the conical shock wave
formed at the tip of the cone model.

4) Self-sustained oscillation due to liquid condensation
occurs when an absolute humidity of 6[g/m*] and
relative humidity of 50[%] and [90%] exists in the
ambient air.

5) Condensation oscillation results in increase of the
static-pressure fluctuation in the test section.

6) Condensation oscillation advects with the main
stream in the test section.

7) Under low absolute humidity conditions and the
attendant low-turbulence environment, the stationary
and traveling cross-flow modes on the yawed circular
cylinder surface was observable, as predicted by
compressible linear stability analysis.

8) For the case of slightly high humid environment
compared with the previous case, growth of the
traveling mode is suppressed, while free-stream
turbulence flow with the accompanying self-
sustained condensation oscillation, no stationary
vortices appeared.
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The purpose of this paper is to introduce two deployable booms for corresponding to the recent
request of high accuracy and/or large space structure, which are Storable Tubular Extendible Member
(STEM) boom and Braid Coated Bi-Convex Tape boom applying Shape Memory alloys
(SMA-BCON). As for STEM boom study, the static shape of Bi-STEM is firstly obtained by contact
analysis between inner and outer shells. Then, the dynamic behavior of the Bi-STEM is examined by
transient analysis. As for SMA-BCON boom study, the deployment behavior is evaluated using
handmaid conceptual model. The stepwise deployment behavior is achieved and the importance of
synchronous deployments of each boom for the stable center body behavior is pointed out through

deployment experiments.

Keywords: Deployable boom, Bi-STEM boom, SMA-BCON boom, Structural Analysis, Deployment
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Surface Shape Measurement by Grating Projection Method in

Aerospace Structures
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Abstract

To improve the accuracy of the grating projection method of a surface shape measurement method
without contact, several attempts are proposed and verified. A whole-space tabulation method
(WSTM) is demonstrated to measure a translucent glittering metallic mesh of a parabolic antenna for
a radio astronomy satellite. A transparence method of the grating projection method is proposed to
measure a glossy polymer film often used in space structures. An extrapolation method is proposed
to measure a larger object than the reference planes. A pre-calibration can be used to adjust the
measured value to the real values. The extrapolation method and the pre-calibration are
demonstrated to measure a displacement of a wing of a developing airplane under loading.

Keywords: Surface Shape Measurement, Grating projection method, Whole-space tabulation method,

Translucent metallic mesh structure, Polymer membrane structure, Aircraft structure

1 INTRODUCTION

Precise large aerospace structures have been required
for future and contemporary aerospace mission.
Especially, space structures need to be measured in situ
on orbit precisely. Even in the case of the
development phase of them on the earth, they have to
be measured repeatedly within the rigorous accuracy
requirement. They are often membrane structures or
metallic mesh structures due to the requirements of
light-weight and compactness during the transportation.
Airplane surface also consists of flat planes and curved
planes, and the large surface shape and the
displacement under loading have to be measured easily
with high precision.
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A photogrammetric measurement using grating
projection method? is a prospective candidate to
satisfy such requirement. The grating projection
method can measure the three-dimensional coordinates
of an object by a pixel-to-pixel basis. So, the method
can provide the surface shape of the object with a
greatly high spatial resolution. The effectiveness is to
investigate by measuring several aerospace structures
in this paper.

2 MEASUREMENT PRINCIPLE

2.1 General principle of grating projection method
and Whole-space tabulation method used for mesh
measurement

Optical methods for performing surface profile
measurements have been extensively studied®¥. A
grating projection method is often used as a technique
to measure the shape of an object without contact.
Several phase analysis methods for grating projection
method have been proposed®”.

The calibration method is important for accurate
shape measurement. Therefore, several methods that
use a reference plane or planes for calibration have
been proposed for accurate shape measurement®-'?).
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Some of the authors also proposed a whole-space
tabulation method (WSTM)!?-!9 that uses reference
plane repeatedly. This method excludes lens
distortion and the intensity warping of the projected
grating in measurement results theoretically.

In this study, the authors applied the WSTM to
measure a translucent metallic mesh object. The
specimen is an extendible large-scaled antenna used for
radio astronomy satellite ASTRO-G, which is a space
radio telescope in Japan. A grating pattern naturally
transmits the translucent mesh object. The
unnecessary transmitted grating pattern is taken by the
camera, too. The transmitted grating pattern image
and the reflected grating pattern from the surface of the
object are superposed, and this causes measurement
errors. This chapter describes an optical setup that
avoids this problem.

Figure 1 shows the principle of the calibration of the
grating projection method. Figure 2 shows schemata
of the calibration tables of z coordinates from phase g,
used in the WSTM. The phase interval of the table
elements is chosen according to the required resolution
of the coordinates. The coordinate of each table
element is produced by interpolation.

Projector

Projected
grating
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Fig. 1 Principle of the calibration method using
whole-space tabulation
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Fig. 2 Schema of calibration tables used to
z-coordinates from phase g

The phase shifting method using Fourier transform
(PSM/FT)' is useful for analyzing the phase of a
projected grating for the following reasons.

1) The phase can be obtained from the change in
brightness at a point regardless of the shape of a
3-D object.

2) The original pattern of an object does not influence
the phase.

3) The accuracy is high because of the elimination of
noise including that in high frequency components.

To expand measurable range, phases are applied

unwrapping method'®).

2.2 Optical setup of mesh object

Figure 3 shows the optical setup of the measurement
system. The distance from the camera to flat plane is
2,300 mm. The distance from the camera to the
projector is 1,300 mm. The backlight is a switch for the
fixed 2-D grating. When the switch is turned off, the
fixed 2-D grating disappears. When the switch is turned
on, the fixed 2-D grating appears. One of the
purposes of the experiments was to confirm the
measurement precision of the 90% light-permeable
object. Phases are obtained even if the coordinate is
out of measurable range on the back wall.
Distinguishing the thing from the range where phase
can be measured on the background is not possible.
Using these phase distribution, wrong coordinates
coexists with right coordinates. Figure 4 shows the
panel setting for measurements of translucent object.
The shadow of the panel avoids the background
associated with using the panel.

I Computer II
Control
Stage Grating  MCaptured Flat plate signal
control pattern image . ‘ 7
signal Mo - —~
ceo M o1t LA T
camera ]]/1";\ ! ! Ba?ﬁght
o || 1 Ry L Fjked 2-D
projectol |i® - \"‘\,.Olbject rating
—D‘i AL D |
120mm R
- RyR; Ry LIR
L 5 21— Laser

" Z Z32,2, Z,
Linear stage 2300mm S TFLC

Fig. 3 Optical setup
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Measuring
D o~
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camera -

LCD R

projecto - Object

| 1
Panel Wall

Linear stage

Fig. 4 Panel setting for measurement of translucent
object

2.3 Shape measurement of mesh object with step
model

Figure 5 shows a sample mesh object with known
step distance. Figure 6 shows a step height
distribution of the step mesh model. The red
rectangular areas on each step in Fig. 6 are analysis
areas. Images are thinned out from a size of 1600 x
1200 pixels to a size of 400 x 300 pixels. The table
elements in the WSTM are divided into 1,200 elements,
each 125 mm in size. Table 1 shows height
distribution chart of the step mesh model. Table 1
shows the comparison of the z distribution at marker
position son the mesh surface measured by a laser
displacement meter. The translucent metallic mesh
can be measured by the grating projection method.

Fig. 5 Mesh model with known step
100 (mm)

Analysis area<g

0 (mm)

Fig. 6 Height distribution image of Fig. 5

Table 1 Comparison of height between proposed
method and a laser displacement meter

Grating Measuerd by
Projection Laser
Method with Dsiplacement
WSTM Meter
Ist 2nd Ist 2nd

Step Step Step Step

Average | o5 | 520 | 000 | 496
Height
Standard | o o 1 031 | 007 | 0.06
Deviation
Step
5.24 4.96

Difference

Unit[mm]

2.4 Shape measurement of mesh parabolic
antenna

A parabolic antenna used for a satellite is made of a
translucent metallic mesh. The precise measurement
of the profile irregularity of the parabolic antenna
surface is important.

The aim of this experiments is to measure the mesh
parabolic antenna. Figure 7 shows the mesh parabolic
antenna object. Figure 8 shows a gratings image of
the translucent and glittering metallic mesh parabola.
Figure 10 shows an analytical photographic image of a
parabolic mesh antenna. Figure 10 shows the phase
distribution of Fig. 8. This phase distribution was
obtained by PSM/FT with 10 and 16 pitches. Figure
11 shows a 3D model of the image featured in Fig. 8.
Figure 12 shows a height distribution image of Fig. 8
by color. Figure 13 shows height distribution shown
as lines A, B, C illustrated in Fig. 12. The x position
of the bottom line ranges from -750mm to 750mm.
The size of sample mesh and radio wave test model is
1.5m x 1.5m. Line A shown in Figs. 12 and 13 is
upper area of antenna. Line B shown in Figs. 12 and
13 is middle area of antenna. Line C shown in Figs.
12 and 13 is neat to the bottom of the antenna.
Measurement accuracy of this experiment is almost the
same as experiment of section 2.3. Because of the
optical setup of the measurement system is the same as
experiment of section 2.3. Figure 14 shows height
distributions comparison of a laser displacement meter
to WSTM of the mesh parabolic antenna object.
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Fig. 11 3D-model of Fig.7

256 (mm)
Fig. 7 Parabolic mesh antenna for radio wave test

model for ASTRO-G satellite

0 (mm)
Fig. 12 Height distribution coloring image of the
parabola

[mm]

)
<
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'
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Fig. 13 Height distribution along lines A, B, and C in

Fig.12
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Fig. 14 Height distributions compare laser
displacement meter and WSTM

Fig. 10 Unwrapped phase distribution
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3 TRANSPARENCE METHOD TO MEASURE
GLOSSY FILM

Surface shape measurement by an optical method
without contact should be applicable for a glossy
surface, because space membrane structures are made
of polymer film in many cases, and the surface is
generally reflective and lambent. Grating projection
method needs to light the measurement object by a
projector, and the reflected light is photographed, so the
gloss reflection of polymer film can be the cause of
measurement error. The trial to utilize the grating
pattern of the transmitted light through the object film
is named here as ‘transparence method’ as against the
normal ‘reflection method.’

A surface shape of a suspended rectangular
polyimide film is measured to utilize the transmitted
light to prevent the gloss effects for the measurement.
Polyimide is mostly used film material in space
structures.  Figure 15(a) illustrates the apparatus
set-up and the measurement result of the usual
reflection method, and figure 15(b) shows the apparatus
set-up and the measurement result of the proposed
transparence method. The induction of glossy part in
the reflection method is avoided and the whole area can
be measured successfully by the proposed transparence
method.

REFLECTION METHOD

y Reference Plane

¥

] g

(a) Usual reflection method

TRANSPARENCE METHOD

'

Object 7 T
/
J Reference Plane
]

Camera

(b) Proposed transparence method
Fig. 15 Measurement setup of glossy film

4 EXTRAPOLATION MENTHOD TO
MEASURE LARGE SUFFACE

In the case of a grating projection method, a
measurement object has to be set between two
reference planes, and the imaginary three-dimensional
coordinates arise between the reference planes. The
coordinate values are calculated by a linear
interpolation. Therefore, the size of the measurable
region is within the size of the reference planes. In
the case that a large space structure has to be measured,
the constraint condition that the reference plane must
be larger than the measurement object should be
prevented in the practical usage in orbit. The grating
projection method needs two reference planes in
principle, so an idea to put the measured object at the
back of the two reference planes, and the
three-dimensional coordinates of the object is
calculated in an extrapolative manner. The method to
measure the object larger than the reference planes by
arranging it at the back of the two reference planes is
called here as ‘extrapolation method,” and the method
of usual setup by arranging the measurement object
between the two reference planes is called here as
‘interpolation method.” The difference of the two
setups is illustrated in Fig. 16.

INTERPOLATION METHOD

Camera

Object |

Projector

\ \ Reference Planel

Reference Plane2

(a) Principle of interpolation method

EXTRAPOLATION METHOD

Camera

Projector

\ N Reference Planel

" Reference Plane2
Object

(b) Principle of extrapolation method
Fig. 16 Arrangement of grating projection method
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The extrapolation method will be suitable for
practical use in space to measure a large structure,
however, the measurement accuracy seems to be
degraded by the extrapolation. The proposition of the
extrapolation method should be accompanied by some
sort of accuracy improvement idea. Two
improvement strategies are put forward: a geometrical
calculation method of coordinate wvalues and a
pre-calibration method.

In the case of interpolation method, the coordinate
values are calculated by an assumption of linear
relation between the phase of the sinusoidal gratings
and the object position. This assumption is beneficial,
if the distance between the two reference planes is
small and the measurement object is set within the two
reference planes. The assumption, however, does not
hold good, if the linear extrapolation does not work
well.

xyzeE

Object

_dxl

Z:-I,=Z—-d:L, — =
L 2 L =L,

Fig. 17 Geometrical calculation of position of object
surface from phase of reflected gratings

A strategy to measure the object position precisely is
based upon the geometrical calculation according to the
strict definition of position. The coordinate value of
object can be determined geometrically, as shown in
Fig.17, without any approximation. This is true and
applicable even for the object between the two
reference planes as usual grating projection method,
although usually a linear interpolation calculation to
obtain the coordinate values is much easier than the
geometrically strict calculation, as long as the linear
interpolation can keep good accuracy.

A second improving strategy is thei% Flapplication
of pre-calibration. In the case of pre-calibration
method, each known position is preliminary measured
step by step, and the calibration table between the
measured values and true values is made. The

measured object surface is calibrated with reference to
the calibration table.

Figure 18 shows the correction degree of the
pre-calibration values and the geometrical calculation
in reference to the true values. The geometrical
calculation does not necessarily % #ineed the
pre-calibration even in the case of the extrapolation
method, according to the accuracy requirement. The
pre-calibration method, however, is easy to apply
without the rigorous geometrical calculation.

Projector 1600
Camera Z‘Eﬂj True value /e
1200 A
2 ical
1000 metrical
2 Calculation

800 /
600 e —
//: * " linear
400 T
//: Interpolation
200

0 . .
0 500 1000 1500
Measured Distance [mm]

2
o

Reference Planel

N

Reference Plane2 \

190mm

Measured value [mm]

Flat Board D~
o 7 -

2400mm

&0
1500mm

FEELETTIEFTT I ririzrizy
Ground

Fig. 18 Pre-calibration and the correction table

Reference Planel E
\ )

Reference Plane2 S
=] %
:

Wing
"R
7777777777777777777777777
Ground

Fig. 19 Measurement example of a large object by the
extrapolation method

Figure 19 shows the measurement example: the
displacement measurement of a main wing of an
aircraft under loading. The aircraft is Oowashi No.1,
which is a prototype under development aiming at
supersonic flight in Muroran Institute of Technology,
Acrospace Plane Research Center (APReC) as shown
in Fig. 20. The measured displacement is compared
with the true value measured by a slide caliper, as
shown in Figs. 21, 22 and table 2. The accuracy is
practically good enough.
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Oowashi No.1

Main Wing of Oowashi No.1

Fig. 20 Oowashi No.1 prototype aircraft

L : LOAINGD POINT
A,B : MEASURED POINTS BY VERNIER CALIPER

CORD LENGTH: 1390mm
WING SPAN:1610mm

Fig. 21 Measurement points of displacement on the
wing of an aircraft

DISPLACEMENT

SHAPE OF NO LOAD SHAPE AT LOADING

— o - e —
1220.00[mm)] 1180.00[mm)] —3.00[mm] 10.00[mm]

Fig. 22 Measurement results of displacement of a
wing under loading as a large plate structure by the
extrapolation method

Table 2 Comparison of displacement measurement in

Fig.22
DIAPLACEMENT | DISPLACEMENT | ERROR
BY GAUGE BY PROPOSED [mm]
[mm] METHOD [mm]
POINT A 9.96 9.36 —0.60
POINT B 5.53 4,94 —0.45

5 CONCLUTIONS

The grating projection method can provide high
accuracy to measure 3-D shape of even a translucent
In this study, the
WSTM was applied to measure precisely the shape of a

and glittering metallic object.

translucent metallic mash antenna of parabolic surface
used for a radio astronomy satellite. The effectiveness
of this method for shape measurement of such a surface
nature object was confirmed in high precision, although
the grating projection method was thought to be
inappropriate for such an object of a translucent and
glittering metallic mesh.

A surface shape of glossy polymer film often used in
space structures can be measured by using the proposed
transparence method of the grating projection method.

An extrapolation method was also proposed to
measure large space structures. The extrapolation
method can measure larger object than the reference
planes. In this case, two accuracy improvement
strategies are proposed. One is a pre-calibration
method, and a second is a geometrical calculation
method to get the coordinate values without
approximation. The extrapolation method, with the
geometrically strict calculation and the pre-calibration,
was applied to measure the displacement of a main
wing of an aircraft under loading.
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Dialectal Words Related to “Fishing Tools”, “Fishing Methods”,

“Fish Names” and “Fish Processing” in Todohokke

Kunihiko HASHIMOTO"

(FfasftH ERk 26046 H 27 B fmCEEH  FRk2741 A 22 H)

Abstract

The purpose of this paper is to elucidate the details about dialectal words referring to “fishing tools”,
“fishing methods”, “fish names” and “fish processing” used in Todohokke, which is located in the
eastern region of the Oshima Peninsula. The words have been collected by our fieldwork, some books
of the local fishing industry and a couple of dictionaries of the Hokkaido dialect. Each item concerned
includes a dialectal word in katakana letters, the meaning with brief comments, the example sentences,
the recorded places and other sources. It is revealed that the dialectal words of Todohokke have unique
characteristics closely related to the kinds of fish, distinguished from those of the western region of the
peninsula.

Keywords : Todohokke, Oshima Peninsula, dialectal words, fishing, ecological condition
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A Contrastive Study of Nominal Particles in Samoan, Tahitian,
and Hawaiian

Toru SHIONOYA ™

(Ffa=ftB  “ERk 2646 H 27 H

SO B PR 27 4F 1 A 22 H)

In this paper, nominal particles, especially prepositions and articles, in Samoan, Tahitian, and
Hawaiian are examined. Since Polynesian languages derived from a common proto-language, they
have many cognate nominal particles. This paper attempts to compare the usage between cognate
prepositions and articles in order to illustrate similarity and difference among them. In doing so, the
predicate use of each preposition/article and the co-occurrence of prepositions and articles are
investigated with focusing on four groups of cognate prepositions and two groups of cognate articles.
This paper shows the neutral case preposition ‘o (<*ko) and the ablative preposition mai (<*mai) are
distinct from other prepositions in that they can form a predicate noun phrase in all three languages
and that they do not take a tense-aspect marker, which is essential to many types of predicate phrases.

Keywords : Polynesian languages, Nominal particles,

Prepositions, Articles
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On the Origin and Development of
Secondary Stress in Danish

Tatsuyuki MIMURA™

(Ffa=ftH  FERk264-6 A 27 H U H FEk274 1 H 22 H)

Abstract

This study aims at empirically examining the origin and the historical development of secondary
stress in morphologically simple words in Danish. There have been few remarks made on the
diachronic aspect of the stress contour of those simplexes, and I will argue that the
‘primary-secondary’ stress pattern of those words has been historically developed from the
‘weak-primary’ pattern which those simplex words originally had as the result of accent change based
on the following three grounds: i) documented records found in the literature and several dictionaries
compiled around the late 18th and 19th centuries; ii) data from other Scandinavian dialects; iii) free
variations of the two stress patterns, ‘primary-secondary’ and ‘weak-primary’, found in the
present-day Danish. From the above argument, it will be concluded that all of those simplex words
are etymologically loanwords with ‘weak-primary’ stress pattern, and their original primary stress is
supposed to have moved to the initial syllable in accordance with the native Nordic/Germanic stress
pattern; thus, the secondary stress in the present stress pattern is a surviving trace of the primary stress
in an archaic ‘weak-primary’ pattern.

Keywords: Danish, secondary stress, late 18th and 19th centuries, stress shift, Sandnes Norwegian

A EIR R ORI DN T

1 B FEIZBWTCTHAIMICBER I 2B THY (F 2.1
HiAEBWR) . (o T, ZOEAT [ FEREE R IRE
1. 1 AWHEOEBERLEN LW BRI AT A HMEEL. ORER R

T U — R, FREC RA VR EE oo s
N iR ERIBRIC, ARV AT 72 FOFEET
BV, FEFFRBELHES FHELT —OAT D, 12
LA OHMEE (H—DEBRNLID5E BESR
BERAZWNTE L72VGE) 13FMB %2 —D2oFT5DHT
HHN, FEEBOMICENIKEAELAE L, 2KE LT
[ FERB+RIRIREY ) &\ D B ORI 2§ 5 Hifl
ELH, ENTIELINT v~ —VEBICFEETDH
DE SN TNH0C),

2o TEBBRIRAE] LWL RITES

*1 B LERY: O LR BEK

R4 5 AR S T AT & ) B TR TH
BTHDEEHZ LN TED,

IO X7 TEWRBLREIREE WO E2HFT
LHMEELY, JhE CERIT EERNELRE) L
ATETEN B28i%258), ZOBREMELGED
BEMEOWERIHFET D TH A D LAIEIZE LT
X, ERICESEHPATIE, cnETSRLTERE
ITHFZEIT R EIZE L, %:Tﬁ%Tm\nﬁﬁ#
5 18 ML AT THRREEIE ONC R & 7= AfFgE 50
FEEICBIT DRl BRI, EXEBHEDM T 7 4 —
JVRU—7 2l U TR L7 —RE B2 2 ST
EBEAEITV, BREMNEAFEICEND [ EEBmk
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FREL | & D TS ZAL OREREAH STz b D
ThHEMETHILENARETHD Z 2 TRT D,

1. 2 Fry<=—27FEIKo5>VWT
1. 2. 1 #H=E

T — R, WES R VELRLUIA v
Keg—my/ GEEOS V< VEERICB L., /LD
T —ERAV =T Vi TA AT N, 7o
—if(Faroese) & & bizdbr v~ (VVR) 556
%3,

e AR, BIsEZA T8 L THL 7z n—
L7 =T RERS Wbwd TRt (12
FIS T 2 ELICRET 5 &, 2014 4 1 A OFRERTH
560 5 A\ ({8 http://'www statistikbanken.dk) & #7E
b,

B, ARFEE L COMBEMT TiEiavgs, EHEE
EHET D KA SEE ORI b REE D R
nTns, £72, »oOoTTr~v—7 FEOXE TIC
boTeT A AT FICFETIL 1999 F % THE—4t
EFE (WMERE) & LTLESIT bt TWelzd,
Fov—VEBERTAIALL (TA AT RiEET
v — 7 RO R EHPEOIR S 2B ET D
L) BEHIZWESE X KD,

1. 2. 2 FUr~—J@BOT7 7%V

BEICfn =X o2, Tr~—2GEIXA F LA (I
I/RE) T/ NDOEETHD, Eo T, FEITL
TEMRBEZE HHiE—DOHT D,

FUR—VEDOANVAT 7Ry M, #lxIT
August (7072~ A& & august TINA ) Oxt
2. billardT €V ¥ — K] & billiagrd TIKD |, standard
[FEUE | L standart THE] O K9 72373 XL 912,
Whwa THRBMERE] 3FT5b00, 3P0 E
FRERDALE DIE O B THIE RSB S5 /)
K OFNIHRD T2, W TT v~v—JFEDA K
VAT 7ty NOFRRIEFED TR, T LA, T
Ve—JFEDOANVAT 72y NI, BERERICIE,
REIC— TR T 5 ERBNFEOE &L 0 2R T
D, BE T TRBOKMNGE MEIIET 7Y
FEDOFEFEV, HDVE 772 MEANL)) D%
ZHURT 28 % (BHEA 72 A CIXTTERFRIERE))
EHLTWAHEEZ L9,

T CHEES /v RIEED DR ITHEWTE, Wb
DB EAFEIL, A —EHiFE RV L FHiFEET
B % 7= O FEH O FFRE ONLE 138 O E Tl AT RE
ThoHN, FFloua~ 2 ZAR0) HRESS S HiE

EEICAND L, ERBOMBIZLT L HEANC X
H—ALNARETIE /e < M E THEmMEEER T
XDHITWE 2\, T D — )7 TUREDO LB O EIL,
FEORS (FEH) Wb, TBRANLEZT
ZOoRETOEFHOMNY CREREH., WARTH,
HIROREE) [COREINDY,

T —JETIL, RREREZOMD SV~ U FE
ERIRRIC, MBOFE L Y FHOME FEHiE)
& ORNCIT BB A BRI ML L, R B
WiEZ2 AT 55 (CV FH) 13mEBEH 5 FhH L
L TR TH Y,

1. 3 AXMREOEF

AFRIZBWTHIHT 2 EBHE, ATHED b D%
&, ETEEN T 4 —/L R —2 2@ L TEHRRL
e—REHTH D,

RO GETH S HRENESE], DE0 TE
SREARIIRGRES | & D B A S HAEE O &R,
2005 FE 5 2009 ST TWikerIIc T CTE 727
A —/V KT —2 %38 CCEO—ITBEIC R AT
bolz, TO%H, BEOMFE LILFEEZ BN E LT,
A EEM (Molbak Hansen (1990); R.H LR 41102 55
BINGR) 2 RIER L7 47T THEN D 72 DB A F
WL 2013 AR OVERIGR A 2 S L 7=,

AWFFEZ D 2 BRI OB OEICR I LTS 72 S
oSt v T r—=r MILUTOH 4
(1) a. Martin Graugaard Hause & (55 1)

1980 F= 7 > K} (Jylland) At PE 56
Struer D4EE N

b. Lise Schou [ (&%)

1962 4 Jylland i PE > Esbjerg MDA F 41,
20 REEIZ T2 v—7" 2 (Kebenhavn)IZF 5
c. Evi Egholm & (Z¢%:)
1973 4 Jylland 463D Lemvig DA F i, 4
B LR 7 a— Vv EFEMOL—T &
(Odense)(Z#% Y 19 ik % TRIMUZE(EDR,
Kebenhavn (28 5,
7232013 FOFHAE TILA > 7 +—~ > M Egholm
KOATH S,

(D IR LT 23, &, Wbwws TG
ST D2 Thd, LaL, EEOFEIZLSN
THZTF I o2 EITE %~ O E O 5 RF
ERIEDEDLIbOO, ®ESINT-EENLARK
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F1: FTr~v—7rBILB

F e

JRRICBIT D

V% BERE L iRERLIC

RIRFRBE DI SN T

FAE T2 (Mimura 2009: 209)

Prefix

Suffix

-e: gkonomiske

-er: génnemser

Inflectional

be-: bestige

er-: erkénde

-ede: likkede

-en: avisen

-e: hiise

-t: normdlt

-skab: @gteskab
-dom: &lderdom
-hed: rigtighed
-agtig: dameagtig
-ig: kiinstig
-som: voldsom

-lig: misindelig
-som: opfindsom

Derivational

af-: dftale
sam-: samtale
und-: vndtage

u-: tiheld

mis-: mistenke

-isk: europcisk

-sk: japdnsk
-er: europcéer

-ig: uhéldig

-itet: humanitét
-ist: telefonist
-eri: bagert

-isme: marxisme

-agtig: barndgtig

Stress-neutral

Stress-shifting Stress-bearing

Stress-affecting

EHEERATELIZARNWEF A D,

2 TUT—JFBIBIIBIREE LERE
2. 1 HBABLIRAETE
INETOEZORENS, Tr~v—25BIZBIT5
RIREREMZIX, DLTICR T =fEOFEICB W TOH
ﬁmé’kﬁ WEINTWD: (i) BERE. (i) IkRE
5 (iii) $f@?§.@**f5 (Wb 2 TEEREMEASTED.

iT@éﬁ BIRBREBZOWTEELL BB
:km#éo?yvﬂﬁ EOBAREIL. Milone
RERR B 32 DO B A BN OREE (T Ry ki )

o TERGy g ) Oplzib 4, AT

R THANC X W EEFERRORBA AT Z LR

ARETH D!

(2 BHEET 7 & MRAI

The primary stress of the first immediate constituent
appears as the primary stress of a whole compound,
and the secondary stress of a whole compound is
derived from the primary stress of its second
immediate constituent.

DOFED EEFHICRIT DRIKRE 13, (Wb S TE

BRI LB D) #E %S ([A[BC & W
5 N CHILIE BC 23, [[AB]C] & W ) NS

THNEC B ZHNITHY) BNHEME CTHT 5 M
NEEFEOLIIIBWTERALELDOTHD, &

2 BARGIIRTHB#GH. B 5V T =F8(2008: 294-295)@

ErzRIhlwn,

EOZLENBTED,

feuW T IRAERIZAIC 31T 2 BIRRES I ST
BlIsr, 7o~v—7% @W@@ﬁ ITHEEARE L R
FEO ZRENAH Y . TN, FERORBITOYRAE
RO TR W%Té@%@ﬁw . UUTFIOR
ﬁsomaw% SEENDE 1 28RO, £o
BB Sy éTé&ﬁW?Ebﬁw L &R
EDRE

() a FEHO EMBICHEL LG IRV

(stress -neutral affixes)

b. FEEEO EIREB 2 FEE N TR E S ¥ D%
ﬁ? (stress-shifting affixes)

c. BE TEMRENAH S HEEE
(stress-bearing affixes)

ERkod “oo THMH) (BRI ERERD) & =
D TEERE | 72 & R BRI E 2 2 ST O BERED
T U — U BT HEENEEL, TON, [FEHO
TN LAV R O 0B S IR S
RORIREEBZME S, LLFIC AR %2 57T (g
T I RERE R 2R T LUK, 9@%@"%#‘ O EHiD
g A2 RCF T, £FmEBAH S FHORFILS
LIZT7 7t FREFEMLTRDTZLICT D) F
7S U CENCTEEEZRT) ¢
(4) a. (i) betAl-bA[:]r [3HLATHEZR |

cf. betAle T3ZHh 5 |
(il) mEnneske-hEd T N3 |
cf. mEnneske T \[H)
(iii) viden-skAb TR}
cf. viden TH0i]
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b. (i) bA[:]rn-lig [T~ 1F\
cf. bA[:Jrn T
(ii) befirl-else [fifix ]
cf. befrl i3 %)
2B, kil (da) (R UEIRAESERRIT, 2 Txe
FEE (full vowels)Z AT HEHEHIEZALTWD
FUICER S (BREEEECBKEEE R/ T 5
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FJVF —(intensity)lT (4b) 178 L7 BERERICHLT
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X H ORGSR RE (FEIRSE, SEFONE) 2
OB BN ERH SN TWVWD EEZX HILD,
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BEEL D b BRI o o8N, WhITRIR B A H
LTWD &R SN DD TIEAR N,

2. 2 HMFICBITIEIREE: BRENESHE
2. 2.1 &

ATETC THEBL L 72 558 L IRAEFE TV b 2K
DOREENEGT2HB THoT=0, Tor~—7 5k
X —DEREZEN LR D Vb A HHFEIZB W T
HEIRIRZB OB 5 BRI T\ 5, BiRf %
1) QN N fa

(5) a. ArbEjde {135, f#< |

b. AhOrn THR

c. AlkohOl T7 /L =1 — )L |

d. blYAnt T83%

e. gUitdr T¥ % —|

f. hAngAr [TRATHE D&M |

g. kdvidr T ¥ ©7 |

h. kObOIt T =273V | |

i. pAradls T35 |
FITR U BRI, EE DN EEAEAE & R0
L ODEEFTH D, BEMNELRIEIX. BMETH
0 R N HEAEERIREEICE VT L AWM TH
DRI EZ AT DO 5T, BIRB N FEICE
BT D [ EmBEIRRE ) LW O EEEE
W7 B R 23 5 R CRETH S (2D O
SEATRERMESE L L ST HUIZZICh D),

R LEE L LT 41102 7B % U835 Molbak
Hansen D35 FEM O 5 8 F N REMNEAEE & Ik
L. AEER E LT LD 4758, £ON, A
Y74 == Enn [(EL) MoTng ) X [5EEE
T2 EodEEZT, o TEEEBREIKR
FRE ) EWOH ARSI LR TELELOIE, &
HTRETHoTE FEROR2EZEHRINTZWV),

2. 2. 2 ERBRBOREEZYE
ZIT, HAEMNEESENEICEIRERBEEE L TW
00, ST, BEAENESEL [ ERE+E

Wk | LW ORI < [ FHRE+ /89 5mes | L
WHORBIZH L TWDDOTIZRVDN, LE8RIET S
MELHLE LR, ZOMICH LT, FEH
WZLLF D 3208 % b > CTHREMEESIEN iRz
HRIRIRE ) L WO R EHT D LT 5.

(6) a. EBIZHBIZIC L 055 DB A BT

b. HTEIESCRE OME GEERE )

c. BEEICHET HHEAENIEDS B
FF—-HBO MFERMES) I2ELT, A, —
LENRE bIYAnt T8R4 TiX, TRE %25 55
bly- & Dbl (FBIHIEFRIL) 22 HH FH -ant
DR R B OER VR, > THRBORE
PMEWE W5 Z EITABETH L L DD, -ant D
FREAN [IE/555R% | CTh D AlEEIEIIRTEE SN D,
ZZ T, BlZIER UL ZFEETH D ddto THAEE)
LB B Z & T blyant D T FE —amt NE—E
i bly-£ 0 b ESNLOEAENRFH, L LR D,
dato D _FHi -to LV HENOEEWNAEmNT &
DHLMNERD 220D -ant BEIRIRES 240 > T
W5 LT S,

VT, BIRIREA A O FEIOEEREICBEI L
T, Jealkod THNL) ZRERAICHIEZ 2 ETEO 1w
HEL T EBZOLNHD, RIRIEEOA % 1 b
T5ETTEHNY LT, THESEERENE N
DR EEFFEOBENHFBICLEET S, £
ZHT U — 7T, HHEiINMRBAE S T (9
REE ) (CV FHLSL) Tho T2efE 25T
W) TOoODRHINEMTETHERDH D, ZORND,
Bl 21T ddto D E i -to X° hdndel TB5,. BBl
DF _FH -del N /5T TH D EHWT D
EN D JETIE bIYAnt O T EE -ant b dAto D
B -to K0 hdndel D —EHi-del |28 T B0, -ant
NEETE &R OREE O ST BB oflF & 7- LT
WA=, BIKREEZ A S L4252 LR T
XHDOTh D,

&I, EEFEEOHEBMEICEHL T, (5) ITRL
T HAIRE TR AR ICE A FRICE T 2 IR O BV 2R T

ZERDHY, TORPLEEFELRERUL [EEB+
RIRIEE ] EWOMEFT D LM HZ AT
%o Bl zIE, KIZRZ (oxytone)DFE & BIHREHE & &
o THEBGy iniuiEiE ] ([A[BC) OHEAREZIEAT
LHEE, BEEEZTHOEATEITRBOERE LT 5
U XA EOHFNC L0 | [ ERB+RIRGEES ) 23D [
[BRIRBARNRIREL | & DRI L Rk A R4
(7) a. OplUkker ¥k % | (~-oplUkker)
e.g. ‘OloplUkker Tt — /IO X |
* Ql0plukker (cf. '@l T —/1])
b. Udkilp 191 $% | (~-sudkilp)
e.g. avisudkllp T DY Y B & |
*aqvisUdklip (cf. avis TH7R])
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RIEEORZFHRIL., B ERNBEOEESTEOL S
L%ﬁ%éhé@
(8) a. AlkohOl 7 /L =1—)L | (~-alkohOl)

e.g. etYlalkohOl T F )L T )L 1—)L |
(@tYl T=F 1))
cf. drikkeAlkohol TEREVHD T L =— )L |
(drlkke K74 1)
b. ArbEjde T{1:35| (~-arbEjde)
e.g. specidlarbEjde T8\ % B4 5415
(specidl TH§RI172 )
cf. hiEmmearbEjde 158 (hjEmme [ZZKE))
c. blYAnt 1805 (~-blyAnt)
e.g. kUlblyAnt TARRENE ] (kU TAR))
cf. I'&beblYant TV v 7= )1
(I"Ebe 1))
PUZIA UK KERBOELBIMER L T 5EE65E
ThoTh, Bz fldske TR D X 5 IZEIR R
BRI VEENBRIEE R Th L5 I 3REBE OB
W Z 5720 (Olfidske! ©— V] ; of. * 'OlflaskE) ,
PLEND | BBEMEAFEOIREA N TR 1E/55
e Tide < TERBGRIRREY] LWVWOMTH
LHERMmMOTHIENTE D,

2B, WEEICBWTL, B XL encYclopEdia TH
Bl okklc, EMEE2HE D FEHICS DICHEEHN
LeONIATT H AL, U XA LOHIFKIN & HEE
IZBWTHRAIRIRE D BLAL 5 2% (6 21X Fudge (1984:
3N, EFOINETOBETIZT v~ — 7 FEIC
BOTHAIIERE SN TELT, EEFRICKSH
P CIIELL T 2 BARICHOWTE & LI SETge S 72
W (T~ — 7 B R NS R & a R R
- 7= Basbell (2005) V02 b L AT 7 & v k& FEAIIC
% > 7= Basbell (1995)®X°> Hansen and Lund (1983)?1Z
HE KTV,
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I e IR WEAEICRBW T, =2 H OfRE
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LI LT ENTRENL LR, LLERL, Z
O DOESOORWVIEBTFAIICIEE TEARED
WEHEE BB Z LN TEX 5 EEHITEZD,

e LA, MFHCIRE 7R RS T, R

BOBRBITERIIHEL) 2bDTHD EEZDN,

B2 RIREEBORIFIZ OV T

RELTEFONOESE TEEHEBICBWTXR L
MOFIHT 2003 E 2 ODFFE (D) 2k £

DIBHLDOTHD, - T, Tr~v—7FBIZBWT
SRS IR L\ o TRV BB D TR S
LZIIFEETH DL E VW) FEITRD DL OO, FELF
AT 2T 72y b E L TEICHER R XBIX5RE
O THE] OXB], WX LR L BB o R
DODREBIDOHTEH D EEHIIEZD,

3 BEMBEAFEICRBITIBEIRARB ORI
3. 1 77%v &

F U — 7 EERRICB T DB EAEONE
FHFICB LT, EFEBEICRL R 2 A LT & 720,
7R D OBMEESEAICIIEATEICET DR
LENERTONE N RIZBE LTI, REREMO
FEThot, 12, &wM(m%W®i5K\:
6 OEMEE O LR 72 G ITICBA L TE LTS
AT RITENHFIET D200, %@Em%%
B L CE K& LIS TSR 348 R K St I i
IZFE LY,

:@ct IR REWAH T, EFIIT v — 7 EEIC

L EREINE G OB O LB EEIZONTE
&#5 SCHRE BHT ‘iéﬁf@ﬁﬁ@ﬁ%ﬂ’%
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On the Problem of Nuclear Power Generation
—— Calculation Rationality and Personality Suitability
Kohtaroh NINOMIYA"!, Daisuke SEKI™
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Abstract
If developed nations, under the condition that the “nuclear military technology” exists, act in “global
economy” according to “calculation rationality” as the behavioral principle, then the nuclear power
generation appears necessarily. However, it is possible for us to force “calculation rationality” to
bear some “personality suitability” to abandon nuclear power generation from the
standpoint of “rationality based on personal values”.

Keywords : nuclear power generation, nuclear military technology, global economy, calculation
rationality, personality suitability, rationality based on personal values, personality rationality
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Effects of Simulated Dawn on the Wakefulness

Kana YAMAGAMI ', Keidai YAJIMA™', Tomonori YUASA™, Yoshihisa AIZU™', Takeo CHIBA ™,
Haruki SASAKI”, Jun MIURA
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Abstract

Recently, we have developed the novel apparatus to provide simulated dawn, and suggested that the
simulated dawn by our apparatus have the awakening effect. Thus, this study aimed to investigate the
effect on the psychomotor performance. Firstly, we have developed the simple calculation application
working on the iPad mini (Apple Inc.). Then, we investigated the effects of the simulated dawn by our
apparatus and by another on market in comparison with no light on the psychomotor performance.
Each period implemented 5 nights. During the whole period, the calculation test with iPad mini and
the St.Mary Hospital Sleep Questionnaire was performed immediately after getting up at 6am, and the
24-hour activity was recorded. Simulated dawn by our apparatus minimally improved the calculation
test, but this improvement did not reach statistical significance. Other markers did not change. In
conclusion, simulated dawn by our apparatus may have some effect on cognitive performance.

Keywords : Dawn simulation, Awakening, Cognitive performance, Calculation, Sleep
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Mutability of student's evaluation shown at the visit
of Child Development support facility

Hironobu KONNO™', Jun MAEDA™

(FRRATH PRk26 26 A 27 A

ASCELH PR 2741 22 )

The students studying the teacher training course had visited the child development support facility.
They had replied the semantic differential method tests about their images of disability three times.
The first test was checked before the visiting, the second was immediately after the visiting, and the
third was two months after of the visiting. These tests were run for the purpose of class assessment.
The second test increased the favorability rating of disability. And some students decreased extremely
the favorability rating of disability at the third test. The mutability of student's evaluation has been
considered. The students who have the concern for another student's thinking or feel sympathy for
person didn't decrease their evaluation at the third test. It is necessary that the class should improve

the interest in classmate’s thinking.

Keywords : Developmental disorder, Teacher training, Mutability of student's evaluation
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