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Development of an Ocean-Going Solar-Powered Underwater Glider
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Department of Marine System Engineering, Osaka Prefecture University.
Sakai, Osaka, Japan

ABSTRACT

The purpose of this research is to develop an ocean-going solar-
powered underwater glider, named Tonai60, for along-term and wide-
range monitoring of ocean environment and ecosystem. The maximum
operation depth is 60 metre in the twilight ocean zone. The Tonai60
glider is equipped with a multi-parameter data logging profiler for
monitoring ocean environment, a network camera for cora reef
monitoring, and an acoustic data logger for monitoring marine
mammals. This paper deals with the design of the Tonai60 glider and
gliding performance obtained from tank test and seatrials.

KEY WORDS:. Ocean-going solar-powered underwater glider;
Tonai60; piston-type buoyancy control unit; ocean-environment
monitoring; RINKO-Profiler; underwater acoustic datalogger.

INTRODUCTION

Ocean covers over 70% of the Earth’s surface, and it is estimated to
have about 97% of water volume on the Earth. From a period of great
antiquity, humans have lived on various kinds of blessing from diverse
organisms and ecosystems of the ocean. It is essential to promote the
conservation and sustainable use of marine biodiversity, for the
survival of human beings with such blessings from the ocean. It is also
important to recognise marine biodiversity and realise awide-range and
long-term monitoring of sound ocean ecosystems. Japanese Ministry of
the Environment has formulated the ‘Marine Biodiversity Conservation
Srategy’ in March 2011 (Japanese Ministry of the Environment, 2011).
Characteristics of marine ecosystems were given in this Conservation
Strategy asfollows:

Important in consideration on the marine environment and the
ecosystems there is the existence of an extensive water body. In the
ocean, there are layers with different water flow at different depths,
and organisms and ecosystems distribute three-dimensionally. Plants
with photosynthesis as primary producers occur in photic zones down
to about 200m from the water surface, and on sea bottoms of the
shallow coastal water. There occur completely different ecosystems in
the deep sea.

It is widely-known that the effects of the climate change become a
serious problem of the ocean ecosystems:

Coral reefs are suggested to be vulnerable to the climate change, and
their large-scale bleaching by the increased seawater temperature has
been observed frequently in recent years around the world.
Furthermore, increasing ambient concentrations of carbon dioxide will
lead to more carbon dioxide dissolved into seawater and subsequent
aggravation of its acidification. Acidification of seawater will then
suppress calcification to produce calcium carbonate for the skeleton of
corals and the shell of plankton. Some species may not be able to form
its skeleton or shell, and balance of the ecosystem may be lost due to
changes in the species composition.

And the Strategy aso stated about improvement of scientific
information and knowledge:

To implement the measures necessary for marine biodiversity such as
conservation, to check the effects of those measures and to react
adaptively, changes in marine ecosystems must be observed, and
monitoring must be encouraged. Through survey programs such as
Monitoring Stes 1000, data on the natural environment such as data
on biota of shallow water ecosystems (seaweed beds, tidal flats, coral
reefs, etc.) will be improved continuously. At the same time, data on sea
turtles, sea birds, marine mammals and so on will be collected and
organized. In addition, the marine environment will be continually
monitored to evaluate the state of marine pollution.

Furthermore, if information that has not been collected continuously
turns out to be important in detecting changes in marine biodiversity, a
method to monitor such information will be examined, and efforts will
be made to accumulate it.

Recently underwater robotic vehicles such as ROV (remotely operated
vehicle) and AUV (autonomous underwater vehicle) have been
involved in scientific researches in the ocean, and they achieved
magnificent results (Maki, 2013). Underwater glider is one of the most
useful AUV, for reasons of greater efficiency in energy use, low-cost
manufacturing and maintenance of the vehicle (Rudnick, 2004).
Typical underwater glider has no propulsive machinery such as thrustor,
but it has an ability to realise wide-range and long-term operations by
using a buoyancy-control device and a centre-of-gravity control device.



The authors have developed several kinds of underwater gliders. The
ocean-going underwater glider with independently controllable main
wings, named SOARER, was designed for the use of ocean
environmental monitoring to the middle depths (Arima, 2011). The
feasibility of the solar energy use under water was investigated in detail
(Arima, 2012a) and then the ocean-going solar-powered underwater
glider was designed (Tonai, 2013). This paper deals with development
of an ocean-going solar-powered underwater glider for a long-term and
wide-range monitoring of ocean environment and ecosystem.

THE TONAI60 GLIDER

The ocean-going solar-powered underwater glider was hamed Tonai60
as an abbreviation of “Twilight Ocean-zonal Natural-resources and
Animals Investigator.” The maximum operational depth is 60 metre in
the twilight ocean zone and the purpose of this vehicle is a wide-range
and long-term monitoring of marine mammals by underwater acoustic
observation and reef corals by image analysis. External view and
specifications of the Tonai60 glider are shown in Fig. 1 and Table 1,
respectively.

Fig. 1 Ocean-going solar-powered underwater glider, Tonai60.

Table 1. Specifications of the Tonai60 glider.

Length 1.650 m

Breadth (wing span) 1.030 m

Height (including rudder) 0.528 m
Diameter of fuselage 0.200 m

Mass abt. 92.0 kg
Volume excluding ballast tank abt. 92.5 ¢
Volume of ballast tank 1.0¢

Mass of jettison weight 3.0kg

Time to pour/discharge sea water abt. 2.5 min. at sea surface
Cruising speed abt. 0.2 ~0.5m/s
Maximum operational depth 60 m

Specifications of on-board devices and sensors for navigation are
shown in Table 2.

Table 2. Specifications of equipped devices and sensors.

Hybrid solar cell
VISORA M-HS210 x 2
(Kaneka Corp.)

Max. output: 21.0 W
Size: 240 x 998 x 6 mm®
Weight: 3.1 kg / module

Voltage: 12 V
Current: 18 A/Hr PbEq
Size: 148 x 66 x 105 mm®

LifePO4 Battery
LFX18L1-BS12 x 2

(Shorai Inc.) Weight: 1.038 kg / module
16 channels
GngnjngIe Size: 21 x 21 x 10 mm®
Weight: 10 ¢

(Furuno Electric Co., Ltd.) Horizontal accuracy: 15 m

Depth sensor
EP101A-C11-C20A*B
('Yokogawa Electric Corp.)

Range: 0 ~ 1 MPa abs
Output: 1 ~5V DC

Navigation system
0OS5000US
(Ocean Server Technology Inc.)

Magnetic compass
Accelerometers for detecting
roll and pitch angle

CPU: IntelAtom 2510/ Z530

Size: 100 x 72 mm?

0OS: Microsoft Windows 7
Professional

PC for autonomous control
P1C0O820
(Axiomtec Co., Ltd.)

CPU: 32bit H8SX (CISC)

Memory: 512 KB ROM
40 KB RAM

10 bit ADC x 2ch

10 bit DCA x 2ch

Micro-computer for a depth sensor
and a buoyancy control unit
H8SX/1655
(Renesas Electronics Corp.)

A couple of oil-filled-pressure-compensated hybrid-type solar panels
were arranged on the top of the glider. The MPPT (Maximum Power
Point Tracking) control was introduced to maintain the optimal
utilisation of photovoltaic generation. And a balance charge circuit and
a load controller were also applied for realising optimal charge and
discharge of the rechargeable battery (Tonai, 2013). A piston-type
buoyancy control device was introduced for controlling its attitude and
the gliding performance. The cylindrical buoyancy control device has a
length of 797 mm and a radius of 105 mm. A piston was controlled by
a DC motor (RE35, Maxon Motor AG) with gear-head (GP32HP,
Maxon) using ball screw mechanism. Water volume in the ballast tank
is controlled as the position of the piston by a servo controller (ESCON
50/5, Maxon). Maximum useable depth of the Tonai60 glider is 70 m,
and this is limited by the maximum torque, 8 Nm of this DC motor so
as to exhaust sea water from the ballast tank against water pressure at a
depth of 70 m. And a lead-made 1.75 kg movable weight was also used
for controlling the glider’s attitude. Weight was controlled by a DC
motor (RE-max21, Maxon) with gear-head (GP22C, Maxon) using ball
screw mechanism. Maximum torque of the motor is 2 Nm. The position
of the weight is controlled by a digital position control unit (EPOS2
24/2, Maxon). Practical stroke of the movable weight is 470 mm, and
pitching angle of the glider can be changed between about +20 degrees
from horizontal condition. The vehicle can realise optimal gliding by
repeating diving and surfacing. Right-and-left tailplanes can be
controlled independently and it functions as aileron. Aileron and rudder
can be controlled by PC through microcomputer using three
servomotors (KRS-4034HVICS, Kondo Kagaku Co., Ltd.).




CONTROLLER OF THE TONAI60 GLIDER

Systems configuration and wiring diagram of the Tonai60 glider are
shown in Figs. 2 and 3, respectively. Network camera and 3-axis digital
compass are connected with an on-board PC through LAN and USB
cables, respectively. Depth sensor is connected with micro-computer
through USB cable. The PC and the microcomputer are connected with
each other through RS-232C cable. Buoyancy control unit is controlled
by the micro-computer using signal from the depth sensor. On the other
hand, balance weight unit is controlled by the PC using signal from 3-
axis digital compass. Pan and tilt angle of the network camera is also
controlled by PC using signals of the fuselage’s attitude for recording
target objects continuously. Network camera, balance weight unit,
buoyancy control unit, aileron and rudder are controlled by PID
feedback control.

Network Camera

| Digital Compass |

T 1
[ - P i
! Buoyancy Lontrol Unit !

.
Balance Weight Unit |

Fig. 2 Systems configuration of Tonai60’s controller.
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Fig. 3 Wiring diagram of Tonai60’s controller.

Application software for controlling the Tonai60 glider was established
by C++ language. Language is Japanese for the practical use in Japan.
Control panel of the application is shown in Fig. 4. This application
runs on the on-board PC, and motion mode such as initialisation,
calibration or operation can be selected without writing in and resetting
the micro-computer. Remote desktop operation is available through
wireless LAN when the vehicle is at surface, and this helps to conduct
initialisation of the vehicle and/or calibration of buoyancy adjustment.

Fig. 4 Application software ‘Tonai60 APP’ for controlling Tonai60.

ENVIRONMENT AND ECOLOGY MONITORING SYSTEM

The Tonai60 glider is equipped with an environmental multi-parameter
data logger profiler ‘RINKO-Profiler’ (JFE Advantech Co., Ltd.), a
network camera ‘VB-M40’ (Canon Inc.) for monitoring coral reefs, and
an acoustic data logger ‘A-tag’ (Marine Micro Technology Corp.) for
monitoring marine mammals. There is no requirement for such a solar-
powered underwater glider to dive into deep sea. Adequate sunshine
may reach to a hundred metre or thereabouts in the middle of
transparent ocean. On the contrary, sunshine may reach only several
metres at the enclosed marginal sea. There are various kinds of
invaluable marine organisms in the sunlight boundary layer, so-called
twilight ocean zone.

Network Camera VB-M40 for Image Analysis

Coral reefs are very sensitive to environmental changes, and then they
can be one of environmental indices such as global warming. The
protection of coral reef is also an issue of great urgency. Covered area
and species of coral reefs are usually investigated by scuba divers, but
there are difficulties in diving time and depth. Then the authors plan to
operate the Tonai60 glider for coral monitoring. The solar-powered
underwater glider has the ability to be recharged at sea surface in the
daytime, and reef corals can be analysed from fluorescent image with
ultraviolet light at night. Fig. 5 shows an example of image analysis of
reef corals. The experiment was conducted using network camera and
OS5000US sensor at Coral Tank of Enoshima Aquarium, Japan.

Fig. 5 Reef corals excited by ultraviolet light and its binarised image.



Underwater Acoustic Data Logger, A-tag

The underwater acoustic observation system has an ability to detect
marine mammals such as killer whale (Orcinus orca) and to estimate
the number of individuals. Killer whale is situated in the highest
position of a food chain in the ocean. Killer whales do not act
independently and they usually behave with their family, called ‘pod’.
The soundness of the ocean area can be thus evaluated from the number
of killer whales over the relevant sea area (Arima, 2012b). Fig. 6 shows
an external view of A-tag, which has a couple of hydrophones for
estimating the direction of killer whales’ vocalisation source. A-tag is
usually attached on the base under the solar-panel unit. An example of
killer whales’ behaviour obtained by A-tag in Southern Alaska is
shown in Fig. 7. A-tag was towed singly by a small fishing vessel for
validation of this acoustic data logger. The time histories of the sound
pressure (red lines), time difference (direction of sound source) (black
dots) and pulse interval (blue dots) indicate that at least two Kkiller
whales have passed around A-tag (red ellipse).

Fig. 6 Acoustic data logger, A-tag.

Fig. 7 An example of killer whales’ behaviour obtained by A-tag.
Environmental Data Logger, RINKO-Profiler

The Tonai60 glider is equipped with an ocean-environment monitoring
data logger, RINKO-Profiler of JFE Advantech Co., Ltd. Exterior view
of original RINKO-Profiler and its specifications are shown in Fig. 8
and Table 3, respectively.

Fig. 8 RINKO-Profiler (JFE Advantech Co., Ltd., 2013).

Table 3. Measuring items of RINKO-Profiler (JFE Advantech, 2013).

Items Sensor type Range Resolution | Accuracy
Depth Semiconductor | oy ooom | 0.01m | +0.3%FS
pressure sensor
. o o +0.01°C
Temperature | Thermistor -3~45°C | 0.001°C (010 35 °C)
+0.01mS/cm
Conductivity | Electrode 2~70mS/cm|0.001mS/cm| (2 to 65
mS/cm)
- +0.01
Salinity PSS-78 2~42 0.001 (2 t0 40)
DO Phosphorescent| 0~20mg/ € | 0.001mg/ £ | *2%FS
+1%FS
Chlorophyll | Fluorimeter 0~400ppb | 0.01ppb | Zero drift
+0.1ppb
+0.3FTU or
Turbidity Backscattering | 0~1,000FTU| 0.03FTU | measured
value 2%

*Time constant: DO 0.4 seconds, others 0.2 seconds

The RINKO-Profiler’s measuring items are depth, temperature,
conductivity, salinity, dissolved oxygen (DO), chlorophyll-a and
turbidity. The RINKO-type DO sensor is epoch-making device for
realising short time measuring. Measurement of dissolved oxygen (DO)
using conventional DO sensor takes several seconds usually. However,
newly developed RINKO-Profiler has a short time constant of 0.4
seconds, and this enables to achieve successive measurement by
underwater vehicles. RINKO-Profiler was installed into the rear cap of
Tonai60’s pressure hull without the titanium case and sensor guard.
About 10 hours monitoring data can be stored into a built-in memory
card. Battery charging and data transmission can be done by connecting
cables with each pressure-resistant connector on the rear cap.

TANK TEST AND SEA TRIAL OF THE TONAIG60 GLIDER

Tank test was conducted at the Ocean Engineering Tank of Research
Institute for Applied Mechanics, Kyushu University. The purpose of
this tank test was to verify the initial design of the Tonai60 glider. The
position of the centre of gravity, centre of buoyancy and buoyancy
were checked under water, and the optimal position was fixed. Then,
gliding test was tried by shifting the centre of gravity systematically.
Gliding angle of diving was about 20~30 deg. as was expected.



Field test was conducted at Kagoshima Bay, South Kyushu, Japan on
10 December, 2013. Fig. 9 shows the Tonai60 glider hanged from the
mother vessel, Nansei-maru of Kagoshima University. There appear
often bottlenose dolphins in Kagoshima Bay, but no marine mammals’
vocalisation data was recorded by A-tag in this field experiment.

Fig. 9 Sea trial of the Tonai60 glider at Kagoshima Bay.

Accurate location of the mother vessel, Nansei-maru, was obtained by a
portable GPS device. The depth of experimental field was about 200 m.
Tonai60 was tethered to a winch system of the mother vessel through a
pulley. Additional weight of 3.0 kg was fastened around the centre of
gravity so that the weight in water was adjusted to be 1.0 kg and the
Tonai60’s attitude became to be the same condition as the tank test. By
setting negative buoyancy of the vehicle and nose-down attitude,
Tonai60 started gliding. Tethered cable was veered out to the
maximum length of 20 m and then the vehicle was refloated to the sea
surface. Time histories of ocean environmental data obtained by the
RINKO-Profiler are shown in Fig. 10. Upper-side yellow-band zones
mean diving period of the Tonai60 glider.

Fig. 10 Time histories of ocean data obtained by RINKO-Profiler.

Findings from this time histories including two dives are as follows;
Maximum depth of two dives were 11.2 m and 15.2 m, respectively.
Water temperature was about 19.4 centigrade. Salinity was about 33.5
psu. Dissolved oxygen dropped slightly as the depth increased.
Conductivity was around 45.4 [mS/cm]. The gliding angle was
estimated to be about 34~49 deg. from the relationship between
maximum gliding depth and cable length under water. It was windy,
and Nansei-maru might have drifted slightly.

CONCLUSIONS

In this research, an ocean-going solar-powered underwater glider,
Tonai60, was developed and the systems were verified by tank test and
field experiment. It was demonstrated that Tonai60 had an ability to
realise gliding under water and the controller worked well as was
expected. Autonomous control program based on PID control is now
under construction. For future works, autonomous cruising procedures
at sea will be completed by repeating field experiments. Actual
endurance should be also investigated through field tests, because
performance of photovoltaic power generation may be deteriorated due
to biofouling.
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14:40-15:00
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"Workshop on the Circulation and Mixing in the East China Sea"
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10:00-10:40 Influence of mesoscale eddies on spatial and temporal variability of spring
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VADEEBRIT S Z L THAE L, K 1@iEA b —~—IREER OB RO R REE TH
%o K EFNASEE T D5 kHz OABRERE NGRS 2 TRk L, S A&HRAEE B ARI3A T I 2 kHz 2
ETEFELTNDZ ENgD, X 1)L Bl T— K, (c)id B2 E— NORFZEMEE CTH D, ha ook
BAEE DN KbV A T HIANARTET D 2 kHz FLE OIS EDIRREISIER LT\ D Z E 30005, X 1(d)(e)(f)
ITENZENA RNY —<— Bl £— K, B2 E&— NOEEEHO _IKILA7 M ThHD, EOREKEAE
FFoM e fREN: . T — M 1/EWE 2 kHz BRE OB SN (BERESE & F UHEE) ©b b,
INA T AHFEBL E— K, B2 F— REZLT DO TRER D A U, BE N8R 2oz, &
7o WA D EFB LT 3% < AT D L DR | FEEMEES ISR BICZE b L2 & & —F LT,
Fo, A= b fabe—L 2 EHETHE Bl T— R, B2 E— REE(LT HICOoON TREE AR D
LIEFIREA DA L, o B DA BSHEINT 2 2 L8 yno T,

UEDOZENBARNY) —<—IRREIZZ L R L — b RA T AT 5 2 £ TARNY —~—EENME
B, B A AN & LTINS OB T 5 2 Lo To, ZORRIE, EESNEN RS
IZA MY —=—DHIHTA D REMEZ R L, FEFICHETH S, SFITRILNA A 2 — L AR,
BHMEEDOE/ EHREL TV TETH D,

BE 3R

[1] T. Yamada et al., Nature Phys. 4, 721 (2008).

[2] T. Yamada ef al., Rev. Sci. Instrum. 78, 123501 (2007).
[3] T. Yamada et al., Nucl. Fusion 54, 114010 (2014).

X 1. (a)A b U —<~—IkEE, (b)Bl E— K, (c)B2 E— RIZBI} 5 EFBERIORZEM#EE, d)A MY
—~—iREE, (Bl T— N, (B2 T— MBI 2B LHERBIO KT AT bL, BRZeiifE of -
BT D0 ZIRIC A MV TIXIED B A FF>, T — Rl TRDOEERBEZRF WA A Y —
~—fEEOBMNIE TH Y, AT AREEFAE N E L TN D,
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B0 CiA D 7" T =231 % ELIR KL ORI O H 7 1L D BRAZE |

BRERENIIERT ~ U D ARRZERS
P B

ezl

Hi)

WA CiAD 7 7 X~ Oz BfET 5 LT, 77 XA~ Ok RE 2 IRES T T D &5
ZONDEMORBNEHRST 52 ENEETH D, ITHETIERFTH 2R ELIR 721 T
. ENOOIFMEHEMFERC IV ERIN D KRERZEMEELZFOWOEN T 7 X~
DEFEIC K EREELE RITTZERHALIR V525D, LEERn-> T, RFTHZ2RER
ELUTE & [RIRF I R BB IS 2 FF O & X 2 WREICIE - i35 2 &3, 77 A~k a =
BRAOICARIAS 2 L CARAIR TH D, L LS, EEAIFE % BIE 2 -5 UiA b iEE
TIHELIRICBES 5 7 — Z I XRHA T RE e B B O FE, FHAITE D 22/A L BICRSLTW
Do £ IZC, ARILFEMFIEEZE U, S5 FTEET O BAREEE PANTA % W72 EERAFJE 4 i@
U CBH%E SN BEVRNT FIE OG0, BERRMAT R OV R 2 L— g URERICES B
B 72 EBRTFIE LRI FIE OB 2D RO ELRFHT — 2 206 X 0 £ < oW
T 52 LR HE LTARFEEEZIT .

FRCAHEE L, BEA BRI TERT O KB~ Y BLviEE (LHD) I8V TEllE TV D
A A i GAM(EGAM) S ARFIZ SV T A 2 DR ) F— A7 MURELT 58
L OYIERE ORI O 7= D12, EGAM OFR 1 A ¥V 2 Wt Ze ks & BT 5 F
HEOR%E HE U CARZEZ DT,

FEBR Tk

A AU GAM 22D A AU A~OZRLF —OPALUZE L Tid, M. Sasaki et al.
Plasma Phys. Control. Fusion 53, 085017 (2011)iZ X 0 BEFGAYIZZ D AIHEMEA /R &L T
Do LinL, 7@ @ElA A4 I & o THIRhEE S 7z EGAM 78 & 5122 R /L F— DK
N TT R SR AT =T ONIH LTI RV, TOET NV E LTHRRA ZLE
1 L DIEAFRIEDAAE DL FRFTEE (ex R) ICEVREINTEY, HIBP 2V TED
FRFIE 2 S T2

HIBP Tl — 2D AFMA RS T5Z LI 0 1 REDAEZET D Z &N KD,
SHIZE =LA R AR —FEZHZ LI VEFHINEL 2 Rotlciisl 456 2 &tk 5,
22l E— AT RXNFX—2BETLHE ZRITIGCTE—LT A L OFIH AT A =20
EBHEEFEZATOLERD Y, TERITZ OIMFEZEIZ 30 pRREORMZZET 720, EFROER
FRHCE— AT R X —2 L H S5 LENETH 72, TI T, BE—LTA /T A—X
DOHBEE, FHEAT LAEZME LT, XV EY—7 v AR 3 iz =L ¥
—ERLTHET S ZENRHEDL Lotz
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IHEANT 9 @Y O —AT X —F T A<vliizimsl Lz, T _XTHOE—LTx
NE =TT —XOBRHIILE LI, 5/ A4 Xt (SIN ) AMEL< | BiRESTIX, &
NCFREN D 2 RILIERIRME Z BRRET D E TIZIZE - TW7RLY,

SIN hEDO FEE LTI, A A VFEEZ DI ENEZ NS, EIRERIEICL DA 4
FEZ R I IR SERR L7 7o oD, SRFELIBEOERIZIHE N T, Jl & E 2 RoHE DR
AEFEBREAITO TETH D,

WFSE RS
1 7 3k, REEIES JEKIRE, VERIER, RO, ANINER, gHiEaZ:, LHD 3%
kR v—=7, TLHD (23T % midA 4 b GAM D [RIE |
%5 10 [z A = L X — A aE = (B, 2014 426 H 19 H—20 H)
KRR L —58FR

2. P %, REEER, EKWEE, e, ERRC. NIER, GHigEsZF, LHD 3
B N—7
'LHD (Z331F % A A e GAM D% |
Plasma Conference 2014 (#1i%, 2014 4~ 11 A 18 H—21 H)

T ZERL
HFE B WHEREHR)  BRA R FEOsEET  HeBeR
L A FEISEET  BhE
fite & (FTREEN)  JUNERZAIS 2t seaT 2%
xRk H TUNRZZIS R0 58T Bh#k
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L — PN R OELNER A L7277 A~ ORI Tk L T — 2 WL 7 HE DO BR %

RS BHAWRIEAT - U IERT RRILBGE

H Y

T I A D CIADMERER ] LSELTDIZIE, LR O MBS 2 T 5 LN EE TH D,
ZOFHINIER % 2 FEDH LD, AMFFETIEL — =D O ELNNL T T X~ ELIR O TE )
| EHTFELRREL, FERET 5282 BINET D, AFIEITIFEM T, o TFHLi e s
OIEHZ WIS, EERICELTZ FH CE o580 05,

FEBR L

Hi1 bR E L7 RARELN SE 85 Tld, B oBREomr SRIEE 25, 2. RRDIRETRE
SECE > THR RN DD R ELEIND T2 THD, T2 T, TIEDEimEEL RO 1D
KA EEFECIE, EE T 1 2B N TR EE & D D, flfEE 2%, i o ELiva
ET DR EREESL, L URERBEOT-O ORI O LED, FiE I AR D
W OENEREL . ZDIE FZ2 ISR A RENIT — R EZ AR S T m oL ZfiEL .
BOR T ZRIFIZEEL D,

AFZETIE H 1 DIHNTT TR~ L —F—NHE2 AR L, LD KRKOFESE 2T TR~
HOELFSCAR L EMEICE &2 | LTI L > CRLESN = A2 i THIEL LS 2 ok
I CTHDH, RFEETTA< NG THDEAI O A THY, ZDT-DHE AT v 7 LT
e EHIR OGS DOEF|H 95, BAE, CMOS IAZDHITHEIZ~A 7L AT LA ERLE LT,
o Ve B U AR TS T E THD, vy sV B YT
BENEEN AT LG AT, A7 X7 L A2 >T CMOS _EIZE Y RN ERM RO 11k
IZTELDITK L, WHEHAMENZVELN TV LT GA1E, B SNABANC S ET 52812725,

B 1w ELaLE FIH L 77 X< ELii sl oS
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FOENCEDIELINS, WH DO REIGDHZENTED, BUIETIRESNL TWDY vy 7/ JLh<
AR Y E, 7L — AL —RA8 880 Hz THH7=8, M CIL & B O EHIZ1 7O 81
L, EDTD  AXURNIFTELTOF T —#Z2FH L., S B RE 2 Hnba2 ki
F0| FEE S RREA O LD EETH D,

FIRL —H —120%, F R 1.064 pm O Nd:YAG U —V—% 5, SLFIZ L ANARZEAL (=3
I DOFELIL) DK ESOBLE T, FRIMEIRZRE LV RN E O FBPAHERKEGFELVD, BIE
AT A REZ2 I 2 ORI TR~ TR THHZEND, RO —V —%i8E LT, F]
9% Crysta Laser D=8 RphkL DR IRL —V —13, HithES 7V E—RORI T, T
FHIHE 2 DWW L EVE (=ML ORENE) 25D Wil E I Z#E L7z —F —Th D,

BUR CHER CE O R HANT, BLIROME B0 DT HAI R/ i RE S O T LIRN
W THDHTD ZDJFREEI IR E R ELIRRCAR L EEAFHE T, T2 oDRHERtho
FHUES CHIE TEAHZENEFELV, DA, PANTA EE IZZNODLMICHEL TRBY, K21R
FRLE CHIHAFHIAZT T, £91E, PANTA 2EEOZLOFHAAR L [FER I, BEAR T T X< 2L
THREZHNZITHD, B/ VI ROV —Y — R UORT— | LA RERLE T 5, X0
THEZERBOMIPE V2R E L, L= E OFHIZT T,

DL EDJRBRGEEERE | Rk 27 4F 3 AIZSEIET 5T E ThD, TOE, A ERREZOWH
ELNDSEHAICE AW A1, ML E DR e EIT7 —ICE &L EEEL — W — A 1T
FEEETOEBEEZBS ), TURENS T TR AR > Tl ——NE2 AR L, FTR~<D
H IR ST R WA COFHINCAE R T 52 L2 ML TD, £, RFHITL — W —Yedihizin
STCELROBRFE A THAT-D | RFTIIRIE WA GL I3 R TR TR Th D, £ T,
R 52 HEHEL, MEOHMMMEDOFHEEZIDZE T, RZEH O RFTERE RS,

AT FE A ik
WFFEAEA KL (B & )
WH5E 078 e e B (e 0t) | frda ik (i /1 4F)

2: PANTA & T O ¥ ELAVFHH 0O S BRI S 5R O B (]
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o S U -~ A 2R A ERRIA - AN T L OB L
Z OIS BT B

UMK S sErr AT

WTSE H Y

- B T DT EHANE, MERRICEELZ 5 A 38 - fR8) &V o T2 RETHI )
HEZGRETE, WEINDRATEREZHNTRIOZ A F I v 7 A 2B+ 2 EHEER
FHTFEL o TN D, BEL—FRT A FICLDHERLT v Y LOFHAL BHRISH O MR
I HCELLS & D e B EGHA, R EFHL, 77T X~ TORELFH 722 SIS0 B LI K 5,
RIS & LT At oREReE ORI MABRIEIC K 2 s ZER o e ta £ Hric /e
HBED SN TS, £o, B S D RATHZR RS « BELSE e £ o X9 ICHgd 5
MEOINTET U 7 IR SN TWVD, ABETIE, SIS S 28 TORH
Bfy - fEtre 7 VL OMEZ . R AR U CRERR L. BT R TiERmORREZ B, otk
706« S VB - <A 7 m GO BLNAONIZE, BRATEER - =7 U T RFRICBE S D FSE
L22/FL, JCHIFIERT L FERFE DR EMIET —~ & L THREBIZIRE SN TV HikE
ARRFERICHmR T2 Z e 2 AR E T 5,

MFFERER

I A GE AT SRR ZE DR ERFZE & LTl My B 2 8l 5 a7 —~ &b b
F LR ATH D, HE, EANCEIRSN TS e SV - ~A 7 alz v
FHEN - fEtTET LV OBRRE & Z OIS 2858 (BF9E4Es) ik, O8I, f#T
Hig -7V U 7ICBL, FETHEE o TV D RERM W&, %2 TiTbinT
WAHRHIFE - Bl a . B 2R L Ciliam L7-, IFAESHZ bol SRS idEmaiid., 7
T—RAT VA, TETTATT VAT T T2 HAWTEHA - TS —oOfE EE 2 61
Too T—HANY = 7R Capon (DCMP) 5% =5l MG SAENT 3 B OB & L
TEF SN, BRMZRILFEMIEREE L TED D 2 L & Lz, KRELD 3 koehkis O fiE
BCIx, BLIRHRE O & S I TR 2 B EE AW BELEHIIM ThhvTnwg, 7'F
A2 ESAAEHTH, B EBEEE AW ThuTng, MiE s 7 o—
AT VA, TETT AT TVUAT T FEAOTEH - @<, R— Ot FiE058 A <
x5, HREPFEOKEIZ., 6 AICHME I D EEESFE (20th Topical Conference on
High-Temperature Plasma Diagnostics) TH# S 41, FINMEREIC 2 MR OAFSEIRSL L L TRE S
Nic, LEMBHIFCTHWONDG T 7 L— MEZHWE T 7 A~ iEEfgir, £7omE IV
WO IS K DmtERe 7 4 v 2 DBRAFER & ERTFIE, T FIE & IS0 E 24 L 725
. EHMTbhiv,
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V4R TAIFASDRERBEEFTRALE-E-RKOEERRE

TSR AL RENIZERT IUAR

1. AEBH

EarthCARE (EC) it & 1%, SV EL —4# — (Cloud Profiling Radar; CPR) « A% — %% /- E. =71
Y VDA HER A 7o R B D RUEE B TR ORE A FICERT 522 HNEL Tnd, EC f#2ICHE
SNz CPRIA X —DEEWNET — 22 O EMEREY N — L7 LT X AOBFE X, UK
IS D FE TR ED HILTND, Ll EWELEIN — LT LTV X LOBHFEITA WK ToH
2. @ ks OSNERR - EMFERE T — DR EL TS, EC fi 2 CPR TEHAIT ARy 77— E %
FWTZZEREEY N — VBN T, SE IV R — LS EM & O R et 2 LT K&
RBEKTHD, TDOTD | SHE O E G ERE T — 2% W= EMELEY R — L7 LTV X ADR
FEZDFHI BB THD,

74 R0 7747 (Wind Profiler Radar; WPR) I Z, $RIELIRZ £ LA T « 2 100m LA ORRF[H - SR8 57 f#
RECHIE CELRE A2 D, FilZ 50MHz H#f WPR 1%, B/ - EOMEIIZ WO TH RS E LS E A &
T&ED, MOBIREE 1T W R 2 FF o, AFZEClE, # ER%E O WPR LKL 72 8Ll 555:
— & —+«CPRE&DBIAT —ZZIEMT52L T, EC 7 uy = 7 NMCBITAEMM R EY N — L7 LA YR
LADBFIZFF G TEHE -BEAKROERMIRE FEEZHFET D, 61T, PR LIZME FEEIEH T8
T, EEE OSHE N - EYEL E - KB EOBLIIT — X By MRk T2,

2. AR
21 SREREHET —2ONE FE DR

WPR (%, JEYTREELICEK T 5=a— (FLit=a—) OR v 77— AT ML BERE N & OVELIT R E
ZFHAIT 5, OV —H —A A= 7 AR O RIAED @ 0 iEREbIC XY, WPR OUST — X Eld
KTH 100GB/ BIZK 5, D72 HRHEFERRIZID, m#NOEEE TRy 77— AT L D/RT A
— X (ZAGHRIE Ry 7T —E T « AT MVIE; LR AT ML RT A=) e at BT 5 FEE R LT, &
BIZ, ATV RTA—Z O EFHUFRZER & BICRHN 92 7152 NI LTz, BRF R SR TRETDHE
EHIT, Rt &R CELTAFE LT (Gan et al., 2014),

50MHz #7 WPR 1%, LIt —ERARL o —% 0 HEL T2 {8 FIRE TH DT . BRIl OFhE.
Jiid O RERE - SRIEL 0 FRRE CREICEDME—DRIZR TH D, L, BR/K RN OSBRI E 1231 DR
KRIF- DA E BHNCEHE T 2L L b I, Bk DB A 1) /NS¢ DL TRkS B OS]
T —REAGHFIRITHELL TR, 20729 HHREFEERE 50MHz 7 WPR I8 — 2% H 5
ZET, BRKREIRNIC I W TR BT E FRE E CHEE T TIEA IR L, Lt a—2 32Ky~
T — R N CERE A2 HEE 3528 T, ShiE i HINC BT D RACKL 1 D 5 B % A/ ME T
EHZEEIR LT, EBIT, Ry 77— ERPHICHIR 2N 2 T2 325 3R L AT MUVIB I IEA N 25
ZET, INLOFHEENK L TELILERL, BRMREZFEETRETHELELIC, Bl &l
HEE IR LT,

22 13GHz HL oA A= % WPR DEH

L UA A= 7 (RIM) 1, 2RO 2 258 LG S LB 2 A B o528 T, WPR O E $hiE
SYFRRE (30-50m) BHHIAZ FIREE 5, RIM 1%, ZETH - £ - iR @ (T 70 8 O/ NRE R — )L DR EL B
HLEfptecxn AR FEERTHS, @Y PV 7o Rax e WS T 57 DXV EREA BT L .
1.3GHz #f WPR (24— 3—H 27" /L (OS) & RIM #6E (RIM-0S) 23457952 LT, 50MHz # WPR T
ITHE TER2WVKRER FNE (G 2km LR IZEBITDEREITO ks B HR 2 FZH L T=, RIM-0OS #§EEfT&
1.3GHz #f WPR THELNTZ KGR BN O —~ VDB B2 | e TREL,
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23WPR T2 Z{ERDBHE

1.3GHz % WPR HIZBHFR LT= T U2V Z E O L E#ED 52 LT, 50MHz 1 WPR IZ OS £f% RIM
BEREA AT I 22 LT LTz, BAFS A 2 TR LTZ, IHIZ, OS {1 RIM #rEZ 1L 72 50MHz
# WPR+ 1.3GHz 7 WPR+CPR ZED[AIReELIZ 2014 HEIZ5E 0L 7=, HLLE, 8L T — X DT 2 D T
Do

3. SEDEM

50MHz #7 WPR-1.3GHz 7 WPR+ CPR 5 D[RRI T BV & 23 AR RE D JEGHE - K AUELE - Z O FHH
T —HDENTEEL, EC 7'ay =/ NZB T HEMMEEEY N — LT VT UX AORE T & FRRGEE
FHEI DN R 5L T, WPR OFHARE EH{LOER L2 IS DO AREZ 5 (0 T79 X)) DT X T
TAT MBI B LTS TOHNZERD LT v o AL EFEBLT D, ZNHDO45 % ORISR % 1E
L. -V -~ A7 2 O3 HAIE N - AT 7 L OB R &2 DI FHICEERL T,

4. mXRUESHERK

=0,

& X

. Gan, T., M. K. Yamamoto, H. Hashiguchi, H. Okamoto, and M. Yamamoto, Error estimation of spectral
parameters for high-resolution wind and turbulence measurements by wind profiler radars, Radio Sci., 49(12),
1214-1231, doi:10.1002/2013RS005369, 2014.
AR, v VFUE—Mer Y —IZXDZEORMAEE O, IRIERI T 72 BEL=T oy a2 #
HEET V7 (S FEER - ALEE KRR R AR SR AT 381T) , 195-205, 2014.

FEHER

. Yamamoto, M. K., T. Gan, M. Yabuki, H. Hashiguchi, H. Okamoto, T. Nakajo, and M. Yamamoto, Vertical wind
measurement in the boundary layer by 1.3—-GHz range—imaging wind profiler radar, EarthCARE Workshop 2014,
Tokyo, Japan, 17-19 September, 2014.
Gan, T., M. K. Yamamoto, H. Okamoto, H. Hashiguchi, and M. Yamamoto, Development of a signal processing
method for vertical wind velocity measurement by wind profiler radars, EarthCARE Workshop 2014, Tokyo,
Japan, 17-19 September, 2014.
Yamamoto, M. K., T. Gan, H. Okamoto, H. Hashiguchi, and M. Yamamoto, Validation of EarthCARE product
using vertical wind measurement by wind profiler radars, EarthCARE Workshop 2014, Tokyo, Japan, 17-19
September, 2014.
Gan, T., M. K. Yamamoto, H. Hashiguchi, H. Okamoto, and M. Yamamoto, Error estimation of spectral
parameters for high-resolution wind and turbulence measurements by wind profiler radars, 14th International
Workshop on Technical and Scientific Aspects of MST Radar (MST14), Sdo Jose dos Campos, Brazil, 25-31 May
2014.
Yamamoto, M. K., T. Gan, T. Fujita, Noor Hafizah Binti Abdul Aziz, H. Hashiguchi, T. Nakajo, H. Okamoto,
T.=Y. Yu, and M. Yamamoto, Development of a range—imaging boundary layer radar with oversampling capability,
14th International Workshop on Technical and Scientific Aspects of MST Radar (MST14), Sdo Jose dos Campos,
Brazil, 25-31 May 2014.
Gan, T., M. K. Yamamoto, H. Okamoto, H. Hashiguchi, and M. Yamamoto, Development of a method for
estimating vertical wind velocity in precipitation using VHF atmospheric radars, H AR ZF2 2014 FEEKZE

2, C305, @A, 2014 42 10 H.

IWAREZ, GAN Tong, [AAl, KE#—, HAWEZ, WWAH, V1 F707 747 —IC Lo EFRE I ATE
M U7z EarthCARE iR ETBZ 7hORBGERS, HARKR TR 2014 FEKFRE, P145, kR,
2014 4210 H.
Gan, T., M. K. Yamamoto, H. Hashiguchi, H. Okamoto, and M. Yamamoto, Measurement of vertical wind in
precipitation by the MU radar: A case study, 28 8 [B] MU L —& —«RE KR —& —L R U L (B 260 1]
EAFES O RTT L), FEFTIAT, 2014 429 A
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)7 ILE A LEBREBRD-ODEREED L—F#iTE TORA
JUNKF L o 2 — [l

1. 1ZL®Iic

~A 7 aA A= T, T A R ORBBG ORFEZE PR & CIAD ~OREE T
HZENFEE L THEEISNTWAR, FFE7 2t 2ONEEERL GEmERA) . EiL —4 ., it
TS L — X, VE— bV IO THLAHTH D, Fax bR 19 FELV ARy T4
N~ A 7 a i & RBA I L —4" (Synthetic Aperture Radar: SAR) DHF7E &S | Rk 24 48 F T2
W% 15.550.8 GHz O AT L& HUE, SRk 2425 HEEAY a7 2 —H5#012 K 5 WG SRR 2 550 L
Too WK 26 AEEEIL, WFFEHE DO — AN (TAR) Ik, BB Y 7 O R, B L OZEH5 % 10 cm
EVTINEA DB OFEBLZ IS LI nED 5T b,

~A 7 v SAR TITERIEIC L0 BEEEEENHIR NS 720 QGHZ LAT) | 43 7e 22l oy iRt & 5
BT 52 ERREEE WS ENH D, REFTEX, ZoOMBEZRT 2720, v A 7 i CIRIFEZLH S
NIZERAN L —F L—F 2 AR ORI X 0 gl ER R D =, ZReA A= TR EHT S
TEERBELCE L, LY OETEREIXEIIEO RTINS L=, 1-18 GHz O A H I 23
MDAFETH Y | KNG ZF O 2 ETH~A 7 a2 2 L2k, ~4 7 al SAR TIXEH
RAREZR ZE R /5% 1-10 ecm S HIFF S 5,

~A 7 aEEFL—Y SAR 1T, JEEHREAZFIH LZFHBER S WD 2 LR TE D, 2SI &
NoH0E, BEMEICERTERISETHY . ~ A 7 aFIFZEMICRT ShanZ LIz CTUTFoRES
HLTWD,

i) R VAL —H L —F TIERE L — VDR ET T ANEIE S, MAET — 2 2/Ed5 2 L ik
TER, KRB AT AT, @FO~A 7 aji SAR & FRERIC, RIE « AR Y 2 JE TX 5,
i) AR O L—X BT 2EFUHEICBW T, LIZUIE SN IMETOERIK & 725 Ay 7 )VHEF I
WL, v 7 alEaENRETHHEAREZRMBELE D08, RAFEO L I L—FENRF LT 55T
ML 220, —F, L—Y2HHTIEMEE bt —1L 2 FRIZOWTIE, ABFZED X 9128
FLTo~A 7 B CEFUEEIT O OFREREL TRV LiThd

2. A 7R —FICHGRE O L —4&

Rk 26 FEE, EZERFR L LT, 7 4 —b RikBRIZ b %
JETE D XD, NN E S CTHEE - IRENZ HIRVE /X
2747 FREREL, ~A 7 2l v —HF H I,
R SNT=OBHT 7 A N— —Fa L —FERH L TT
7 AN—a Y A—=HIZ AT I SID ., PR D DS
Fix, L7 7 A/8—=a ) A—=FICATTE N, K7 74 /3—
ICAY NZEER T~ A 7 alE Rl B En s,

L—H L —FDOFEHERIEO R L LT, Fy—7~A7
ol AT 5 BERIERIEGROERE S L LT, EEE
FAEM A UARBE B ORI 2 B S, B
I (FM-CW) L —& TlX, K& &Sk Z I F AT
THZLICEELNDFRMEEEN I, K E TOR
BECHEHIT2 2 ENMOENTWVAHEMN, KL—HF L —FIZBWn
THR LR T L ICR—2ERBS N, BEEdR5 1R
5GHz. f#5|FFfE] 0.1ms TH D, MIEEOKBIZ LY . Rk
SffE~1 cm NFEHLTND,

ARBOA A=Y U T ORBAOT-OIZIE, @EET v —7~A 7 alERAEE, BLOr—FHh%
TWRTTIRBI T DEREN RN AR AR TH D, Rk 19~24 FEERREUE LT~ 1 7 vk SAR TiXfF5IE
WHE 2GHz 2 b O kEET ¥ — 7~ A 7 a R E &2 RUE Uiz, ABFZE CIXdR s E 3 18 GHz 28
VETHLED, TR EOHEEHY, X7 MRy NT—I 7 F74% (VNWA) ZEHT5Z &1
L7c, VNWA O iEk Y IMHz~30 GHz, #it5 i #EIE 0.2 ms/point ThH D, F7=. MI5NLEF D
MED 7=, AKH ) YeHEESR 2 L, PHBEIESS & O ANV FiE 1 nm 2 O ERIE 7 4 V2 %
AL TSN DU EE X 5Tz, BUED T AT LMK EZX 2 1IZR LT,

X1. [FJEE vs. MIKETOIERE.
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4 2. = A 7 m IR ZEHH L —WIEHE B 0 A A — 2 2 T AEE ORFEE.

3. BREDLEROFKE - BE

ARy b TA FHFREEBAOA A=V 7 O01id, V= E/eIT20ERH D, AWFZET
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YTV T LD RS, WEOY T TR
TUETE & BUAG3 5 DIZ L ~EAMT DR WRERISE MG H D,
X 212,100kHz 33 LTV 99kHz T2 BD/ VAT = R L—
% (PSPL-2000) #¥RSEHE&G L7 — MEEERT,
200ns D/ YV AEHK) SHE L L CTBIRITE 5 2 Engnd,

Z ORIV TV T ORI E N T T~ IR
BRI AT L& AW T T X~ GHlRER 217 - 7=,
X 3 |ZFHHAIEL & 2797, 13.56MHz @ RF J ) L 0 A5k
LIZICP 77 X~ &k 7 7 A N O HARE T T F %t

X2 FHEHY TV TETRDT-

(S-S RVI S ERER 3

LCT I~ LYt 2 3 Lz, 77 A~ AL DO EZ 1 5HA 8ms DORFFISE T
RTIL T A 4096 Bl LT b D 2K 4 (-7, SEIOERBRTIIEFEERES . KT T~
WYL AT ATIEIABREDPRFONLR o723, FEEBINIETE TBL0T, A% LY el

LRHHIEREA B4,
0.4
02 ;
P_“E:
2 -0.2 ‘
= — Phase shift [rad
= ——w/o plasma [rad
-0.4 i
_0'60 01 02 03 04 05 06
frequency [THz]
M3 JEFEEY TV o TECL DT T A= B4 JEEN kT DAL

HMT A R AT A

— 132 —



26 FP-1

BT RN F—A A RENZ K D Z T RT O WS R BRI IR S KA & KRR 2 A T2 v 7 A
R R R B BEEEFTER RRARA

(QELD)!
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I TEM 1524479 = & T, KRMaEHEREOBIER AT 72, SHIT, FRRICE A—VZEA L2 W % ERif R
(2T 573,873, 1173 K |ZC 30 4IkEdl L. Hk#EZ = F/LX—10keV D, IcT7 T v 2 2 1.0x10° D" m?s™,
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BEBE L7121 Dy BRI L7= B0 K FRHE 227 | ' |
VY, HEKFEOHLHIL Peak 1(400 K £13T), Peak
2(600 K £+1/1) 3 & U Peak 3(800 K £13T) 7 3 > ik
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EZ DTSR A RBEE L2 THD &
EZ BT, — T, Peak 1 12351 2 BH/KBHE &
ITBERIIREE S R L CHIZE A EB (RN &
DRI ST,
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IR B B 03 e B R ) L D SR G BREE A i < 72
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SIpRMaE 70D 2 EDBRBR STz,

ZNHOREREIG, BEIIC X D RBaOEEIL W
HOEKEHRE RO A5 &I L, 205
KR4 FoEEIZE b0 LB HRD,

[1] H. Eleveld et al., J. Nucl. Mater. 191 (1992) 433
[2] O.V. Ogorodnikova et al., J. Nucl. Mater. 415
(2010) 661
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Y. Hatano, V. Kh. Alimov, N. Yoshida, H. Watanabe, M. Oyaidzu and T. Hayashi, “Surface Morphology

of F82H Reduced Activation Ferritic/Martensitic Steel Exposed to High Flux Deuterium Plasma”, 12th
International Workshop on Hydrogen Isotopes in Fusion Reactor Materials, June 2 - 4, 2014, University
of Toyama, Toyama, Japan.

Y. Hatano, V.Kh. Alimov, N. Yoshida, H. Watanabe, M. Oyaidzu, T. Hayashi, “Surface morphology

change and sputtering of F82H reduced activation ferritic/martensitic steel and Fe by low-energy
high-flux deuterium plasma”, Plasma Conference 2014, November 18-21, 2014, TOKI MESSE Niigata

Convention Center, Niigata, Japan.
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LHD REFHIRBICERESN =R HF DAY LAIF ORR - B F 8

BEEREFEMRER NJOULHER KRS BT

QE1:0)!

B ERERABRRMOREAYDIILEEB(LHD)TIE, ANHILTSARIZLERERBEOHAENTHAT
WS, INEAAIZKFRIA/)TA4D ICH+ECH AEWLGNTEY, FERL 25 EEDOERERICEWLTIEFYT
1.2MW DINEA AT Tie~2 keV, Ne~1.2x10°m3ND TS5 X% 47 HREIZH=>THF T HZEITHIIL T
5. BEI(—FN\vIDHFHEBFEICEKY, 47 DEORERBEEICH>TIREF—"ENEFEELS
BIEMNTERLD, ZONVI TSR TIEHTOBRBRKEDOFHMIEIL ILTQFHMBAIZEDTSAIHED
Bk £ 2 DOHIHELRIEEEZ TLV-. LHD OTFS5XTxiMAEE L 90%LL E N E—BEM B THD R
TULREM(SUS316L), YD SNIRENRFBEDFT A /N\—22/ LTI TS, REDIXE—EDR
EXIFEERICRINATND. T 25 EFEETICERLEZEANEMRAEOXRMEICENT, D&
X EMEOEENADEQDMIRITESEHh>TWAIEND LT DAL TE-. HITTETREE,
ERMMEFOMMMBRRIICIE, RMERICHAN—F2F/ILOE—BNSR/INVR) TSNz RFPH
DT HTET AT, RETTEL, #HEHITMIZEL Mixed-material HFEEBHAESHL THRRSNEE
(TBIEMTREINI=CETHSD. COWBRICAN I LNRE - MESNDZET LHD OREEHREFDHF
INSUR, DFEYERBROBMNERICEEFSZ TWAIENTFEINS. £, Mixed-material HIEREILHE
ERICHELMVMEEZALTEY, B8R OHBEDICRETIHRNTILOEABEICL-TRIBEESIEEIL,
TSXTHITRATRIENEZONS. TD LS, Mixed-material HERO#EEFMTMEFIICHIES
NEANJYLRFOEEFTMEITICET, DEQESISHRITWIRLHEATELREEMLHD. SEEDOH
RTIE, FEESON-LEOHMRICHLTROLSTEMBEREZERLIz. DTIE, MEFITHIREINDIA
) LRI FNEEDORHFNTVRITHLTENIEENETHIDIEEEMICLLERETLI-. QTIX, #i&
BOEEHFEELVEMICHET T A LTHEBEBDORBEMBEDET ILILEBELI-EHEEmkLT-.

[EBRAE]

ATULAMEME LHD DE—BUEFTHAL, BHIOE TR =AY LOKEREKEIZ 1000 #,
3389, 9980 M EEFEL-. MY L= ¥ REIZIX Mixed-material BB MR SN TEY, ZORFHIX
LTERAMAVE—LNMIHREE(FIB)LEAREBEFBEMT(TEM)ZAVTRAMMEED F /BREE1To
f=. Ft=, RERBA RS HTEB(TDS)ZRANTHIESN=AUD LK F DO EETMEEERREL-. EEERERE
LEERILESENDID, SEEFITO—NILRFNSORBITEOLBEEZTIETIORFKEOHNE
L 1DHEERRBAZ BI5LT=. F£fz, LHD D F A /3—25A JLAOE —EE(ZHEFEL 1= Mixed-material HFEEIZxL
THFIBETEM ZHFRAL-MIBERTZITL, QFHMBAICLDTSXAIHMEDE L I DHEMREZEB
Lz, 2BLICDLWTEH. MEEERBLERLEENDD, JYFEMEERET oz RREZETIEIOE
HSEOBMEL IOMERZRBICOVTOARET S.

(#ERBLUVEE]

112 LHD RESfEKEIZ(2)1000 £, (b)3389 #, (c)9980 FHERFE L =X T L RHH(SUS)iEH & T D
FRMEIZHTE L 7= Mixed-material #EBOME TEM B %29, BEBEBAENT L ZLICHEBBEOES
LEMLTWAR I ENDA D, Ff-, BFEERED)GN S, HEBOEEETT EILT 7 RITE M
BEZALTVWDIELHELMN Iz, MERERAVA AT VE—LOTOHERLN S, HIBERBOMEK
(% 98% M kK, 2%HE THR SN TLYS Mixed-material BB THDHZ ENERSINT-. TEMEDO
VESAMOLHELT, COHBEIR—SRAGHEETHY, EREZELTNS. COIILZEEERH
TSXIDS AT EIAN) D LR FDRIEY A ELTHEEELTLSATREMEAEZ 5N S.

RIZ, COHERBIZEDEEDAN I LFINHEIRIN, ZOHRESEMFRELZYEDEETHLD
NEEEMIZKROD-HDBEFETo-. BEEED TDS ERFERIZKY, TERBRIKMERZRORAKT
(&, ZER(B00K)M D 600K ETICRBGAYDLOMEIERIN TS, COLILERFMETOREIE,
FBULMEIEEETHY, K25 H Mixed-material HIERBITHIRSN T, AUV LTHAAIEEEASLY. £IT,
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1. LHD REFREIRZEIZ(2)1000

(b)3389 7,

(c)9980 #EEFTE L =X 7> L RH(SUS)HF & 2D

FREIZHEFE L 1= Mixed-material iEE DR E TEM{Z. E TEMBE LR LERIZHER & SUS

EBDOEFHREH(ED)R.

300-600K FTOMEEDNENEEXEETHME~NDAKHOBRBHHICHLTITAVIIZRZR 2 [TRT. 20D
K &Y, Mixed-material HFERBANDAY LDOHIREFHBEROESOEMERK(ICY = T7IZEEML, ZDHFHEE
£(3 10000 W E#H THO-THLRMTAIERNENENDLHIS. Th(ETEhE, Mixed-material ¥FiEE
PR ENEEITAHRY REFRMERDOAN Y LORFER[MNEMNTHILLHMTTHILEERELTINS. 47
AEDOMEBIZHITEHT O—/NILRAIFNTU RETOFERTIE[L], BEHEKEFECwa) (SRR EEICEIMIZEENT
BIENTENTEY, ZOHKEIEITwar ~1.0x102° He/s (0-300s), T'wai ~-3.5%108 He/s (400-1500s),
Iwai ~1.4x10%° He/s (1900-2800s) &% 5. ChIZxL T, 2 OB EREMNMNOKRDLOND

Mixed-material ¥ERB~DANJLDFH
DFEIEE 1.6x100 He/m?s TEEHEREEF
B9 5&, Mixed-material #F#EEH LHD D
BLRD 3/4 (-548m2)[CHEEh TV E
REL=HBE, Twal ~8.8x10%8 He/m2s LR
BLH2ENTED. COfEIFTO—/NLEL
FINTURTHKDT=- 1900-2800s D =M EE
HERHE~1.4x10° He/s ITELMETHS. &
BRIV, RIFFAKRERICRETIEHES
FOBMEIE BREISEHRLTREES
% Mixed-material #FEEIZXkS5EH 1B
HTEWIENTEEING. SEIE, MBA
N SSITELES B EBICEBRENED &
SIZEEL, ZNICHSBEHESFHEDOEIRIC
DWTHEZEDTLLKDBLENHD.
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[1] T. Muroga, H. Watanabe, N. Yoshida, ASTM STP 1047 (1990) 199-209
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(1)T. Muroga, J.M. Chen, V.M. Chernov, R.J. Kurtz, M. Le Flem, " Present status of vanadium alloys
for fusion applications ", J. Nuclear Materials, 455, 2014, 263-268
(2) T. Miyazawa, T. Nagasaka, R. Kasada, Y. Hishinuma, T. Muroga, H. Watanabe, T. Yamamoto, S.
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V-4Cr-4Ti—0.15Y alloys by nanoindentation techniques” J. Nuclear Materials, 455, 2014, 440-444
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T. Muroga, T. Miyazawa, T. Nagasaka, H. Watanabe, “Dislocation Loop Evolution in V-4Cr-4Ti by
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Fry—TxFEM LTI,

2.2 KFE~A4 277V M HMPT)

K#E~vA 77U ME (IMPT) 1%, Mt Z SR LT Lctk, KBETAF v —OROEMARET v —
VIR KRB ZMEICRE S, 20%, TERAAAITOREOKFETRIC LV ETI
ToSRRLF- DT & A& SEM - TEM #1229 2 Z LIk v | MRt okFE DSl - 8 242 2 &
WCTED, 22T, BEAALAIFO a7 AR & 8k s B i S5k FE OISR 7238 e /ER T,
TROKISHIZEVRIND,

Ag' + H — Ag + H' (1)
2. 3 Bl ART

KFF v — ¥ LI I FE AR 2 840 L7tk Blatm 2 08 L7 RAE T, S18REE 0. 5 [mm/min]
& 0.005[mm/min] DAMHRE T, 5IHRFRED 90 [%] F THIRI /AW 2 Fhi L 7=,
3. EBERRUOEZ

Fig. 1 1%, BEW/KIET v — & fi L 7281220 > IMPT/SEM #ifg 4 /< L1z, Z 2 Tld, KFER A% IS,
K#FEFB WA E TS & L, BRI L DKETF ¥ —T % BHC TR LTz, (a) X EATTH OR AT SEM
5ok Uiz, KFEBIETT 2 F T8 TR bt Sh, BEL DR -7, (b)1E5]
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BRI 0. 5[mm/min] O BIIRIS AR DR AT SEM Eif§ 27k L7z, MARWH L0 bRk OB &
LA 5L, RLRLDAMIRIN G bR Siviz, ZauE, AT L > TR LGN K HK5E
OEENER & B 2 iz, (e) 1Z58R#E 0. 005 [mm/min] D5 [5RIS T AR D12 A SEM B 4 7R~ LTz,
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EREFEZ LN,

(a) ()

(c) (d)

(a)IS without tensile loading, (b)IS after tensile loading (0.5[mm/min]),
(c)IS after tensile loading (0.005[mm/min]), (d)TS after tensile loading (0.005[mm/min])
Fig.1 HMPT/SEM images after EHC
4. FeL¥
ABFTEZ, WEEAEE (SUS304L) HOKFRA < SHZEENZ RET IS AROREEL . KFE~A 71

7' v bk (HPT) 12XV L, T ORERZ LI TIORT,
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BN EARH OK 1.4 FFITEIN LT,
[3] L WARE THIRIS NARM OGE . KBEPNLFHFE~ LT A MEF BB L, KRFEHHEDE

AR DK 2. 2 FETHIIN L 7=,
[4] ZF#imEmicBNTIE, K VERETEIRISHAR LIZGE Th->Th, RAMEND ORI FE 27

O, KA DB EMRANTARD THE & 72 o7z,
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TG S-OF B 2 X 1 12R Uiz, RIS, BN B3 212 o0 TR T L, IBEAEVIE SV
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RR] X2 KON 312, ZEIL, RO & OVFASLBRE AT IS 200 Bl 0 K UBVE fif 217 o 7o &3k
> SEM BlIEfE R 2R Lz, M0 IE LEVARTRTCIE, IGW OREIZIE L TR 2 E2#AT 25 2 &
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AL TV e, FERRINIZIG WX D Z< OFT RN R O, fEdmALR & M2 E T Tz, 40 14 7
AL TIE, IGW KONRCIG W 3612, Hi72 7229~ 0 oS SR R 5 2 O MM K & 2 BRI R H 72 )
o7z, 10 YA 7 % TIEL, 1IG W TIEZAMMAM L < oo TWHD, KRELRZMITR LR o7,
RCIGW b [AIERICHIE R (LI TE le o T2, 200 1 7 V%, 1IGW OIBEN SRR, KE D
W L < 72 0 | fEERRIN R O Sobr L IC B MR T & 7o, E 72 RISt 5 FIEE b Bl sz,
B 4120F, v — LS BRLG 2 B0 O M OS50 A0 OBIRHTHE R AR U7z, IREE PO Tl b
E<, BT E— ABEMERIC L DR EEERE L IFIFER CIRECTH D 1300C L 2oz, £, b
MBI NDICDNT/IEL 2o TVE, ZOARHIECNICR o7, T OIS LV BT A%
AL, FLEBORE TIEH 400MPa AR Sz, EHIZ, ZOBUSHIZE W ENFAEL, FLE TR
HRELS ol o, BARP OB OIS, EMIS I MB) & | BRIRIST) 2 B2 SRR TR
MDFRAEL TV, Zhid, BAMFERTHHLEMEOREBEREIC TRV BAER SN TR . Ehs
FL—H LTz, ST, BT CIE. B — 2% kO 7% OmHAPIC TR OIS, 5IRIG
WAL TV, BVERTERICBWT S, BB DAL A I I 7 n pBABBEINTEY
ZOWHAFICHRET DR NIC L > TEREhEbO LB bR, DD X Hic, E itz
BT 5 Z ST LY ARBIOIRE A K OVE M SID IR 25l L, B O & &) 22 BRI 217 9
TENTEDLZEERIGELT, A%, EREEE O X A X—ZROIREE K ORI 534G & T TRk, %
ORMP BRI TR TE D20 M55,

200°C

) e
‘Hl;,’ 1000°C
J4 bookd
(%]
Strain(103)
B 1 -0 Bl (TEARTE) K 21IGW DETE— LBET% O SEM 14
(a) (b)
— 1lmm —1lmm
GO 105601 1500K  1MPa 200MPa 400MPa
4 3 RC IG W DT B — ARKH% O 441G W O+ & — AU O (a)
SEM 4 K O F1(b) s A
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[(#E] FIHRHIBERBEAMIVINSVIKERIL, 7V — U ZIRE=F AT —E L THER SN TEY | KFORLE - B -
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NEL DEREFTDZ ENDN->TND, ZOI ENBLIHHESNTZKFE DL 1T SEh ORI ZZB I e
SHTWD EHEESND, LU L, W HERGREE COKBRHEERE OV T B E 22> TRV, AHF

TTlE, 7T A= ARy ZIEEBNO T2 HEREE M2 5 W HiTFE &

RS I DWW TEB S LT,

[EERAE] AEMAE RF KFT T ALY W ARy H

Vo7 LT, # bl W ERZ(ER LT, 7T X~ Ay iEE
ORI % Figl (O3, TV =0 AOIERRE AT — 1,
T D7 T o REMEICETE LTz, ANy XX =y KELTW
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SEHANNIAT L L ABID A w32 TT— AL —)L K& L, S
ML, 7T 00 REM, EHGEEAT — L OEZER
IR U7, KB AL, v AT7n—ar ban—I7—Z LV ikE
B L CEZEREIEA Lz, TAERZE L7-%. 100W O RF
T EEIIN LR 2 BAG L 310 WERETEE 2ke: L7-. fCERi% O
EWEER b E~A 7 nE R CHEL, HEEZH N L, W
DHERE L7 W BB & 7L 2 R T 100°C T 2B FEAYIZ 800°C
F MU SN D KkFEEE T A7 o~ 75 7 THIE LT,
7B RERIOKEREIRHE SN2 b EFTHEEIT- T2, 1
FHARIT SEM BIZL VT2 AR CITAIE T 5,

FEREREN & OFEMZ Fig2 (7, Fig2(a)ld2&E Lo iz
FEMGRENLE % 7R L, Fig. 2(b)| JEEE M 2> 5 iz FHGR BN E & 7R~
T, EHGREREIIRD 3 212biF bivd,

AfEE T T X< b L, ¥—7 > bR REES,

BfElk: 77 A~ L3, ¥ —7y M REE D,

CHElg:. 7”7 XA~ LT, #—7 v MR R@EERN,
HEFIFR CEEENICAFIET D /KB OFEREZIRD 3 DI FET 5.

Hyp 7T A~ DKEA A

Hg: ¥ —7%7 > b x5 DRk SE

HMZ7K$%%
7T X~ OZEMENITE 10V FLE TH D 7=, Bl iz Hb~D
KFBA A DA TR NFX—3TE 10eV RETH D, ¥—F v bW
Wi, BXZF IkV OB TANRET 5720, 1keV DT RIL
X —CHKFEAFUDEREL, ZOEITEm=RNF— 2R LT
BEkEn b, mRAX—REMREIIB L F 0SS BETH D720, Kbk
KFEIFBLZ 500eV BEOPH=RLF—TH—5 >y FIHRY
H L. KBS & DER T RN —E I 22N S HA AT ET

EOKFIHEREZ A L, W HERDERE TOKHE
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KFET T ALY Ay Z STe WRFIE RiEfE G =1L F—8.7eV)LL EO TR L F—ZFfo TR L,
SAAFOKFE T & OEIRTT R F—Z RN HIERAFIET 5, W RFOEEIIKESF L VIZLHNTK
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ERIZE D =X T —% Kol WL, 7T XA~ W RE T 2 fimc
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W R T EIHERE B S AR S o 70, B A OHEREE R D
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XEHITH D Z LT, Mk C I2H DT D070 HHEREN A B ¢
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[ ]
[11 K. Katayama, K. Uehara, H. Date, S. Fukada, H. Watanabe, “Temperature dependence of deuterium retention in
tungsten deposits by deuterium ion irradiation”, Journal of Nuclear Materials, In Press, Corrected Proof, Available

online 3 December 2014.
[2] K. Uehara, K. Katayama, H. Date, S. Fukada, “Hydrogen gas driven permeation through tungsten deposition layer
formed by hydrogen plasma sputtering”, 28" SOFT, Sep 29" —Oct 3™ 2014, San Sebastian, Spain.

— 184 —



26 FP-24
NIDLBREICEDY VT AT Y OEBEEGEBIZKICKIFTRINEEDOFE

RRERIPIER  RAE—

B

T2 AIREMEE UTEREIND Y VT AT OMERERE, KEVHII7 ) It E
Wo 727 O—/NILIBEFEICRIFIANY VLADORFEWRZ, REENSEEITDHIEZEMNELT,
NIDLTZAIY, NUITLAE—LTRBE LY VT AT Y DOEEHEMBE %588 EFIEME
BRI DEEDHIC, BNBAHRBRCERBEERZITS.
ANUDILEKEEHRNT, MRPORFREE DREERIEL, SRBET COHMRIPRICH
‘I, BEEBERICKERZEZRITTIENS, N TLKRIELDKEEFPAY T A
MEEEEZ{TSITEROVHAER Y 1 —XICKRWTEELRBBEEL>TWS, ARETIRIEIC, &
BEFE—EEZEE L, BREEBICHKITEIANY VLABRMRICER ULIcMEET T,

RRAE
BIXRILF—AAVE-LBHEHEBZRAWT, BESEINLY VT AT IADAY 7 LBREE
BxiT\, ZORNBEAMZEAREFBEME KRIBREEARE) CcTHEIDIELEDI,
WUNRIAH IR O KRA A Y OEBRFZROFABMEEERZITV, NUDVLRRICLSZII7OLKIE
SHEBZELD, EHREPKRERBEEE W/ A—NILEHRISEICE KIFTHELZAND.
e, BIRINF—AAVRERBICT, FOHBIXRILF—DEAAVZREULEABRADAY
DLABREREITSZEICED, BEEBEANY VLAOHEEERICETZMEEES. 351,
KRIARIZHEMDLHDICT, BERETFT TANYILATZANERUCY VI RATVICDWTDH
BRBEAZTV, 1AYE=—LAZAWAY JLAREERE DR ZITS, LHDTZXIYAERU
2B E, BMEHUBEEZEIIBRVWELREIRILF—BODOAY TAICLZBHRETICHD,
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® R. Sakamoto, E. Bernard, N. Yoshida et al., “High temperature helium irradiation of tungsten:
multi technique defect characterization and additional H trapping”, 15th International Conference
on Plasma-Facing Materials and Components for Fusion Applications (PFMC-15), 18—22 May
2015, Aix-en-Provence (France).
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iz ANT, IR EMINT 5 Z &2 L0 TICRREHAS 2 I0id S 7= AR A2 170 iR
TV TR AT TR NUEOHT B O ERHN 2 17 5,

2. EBHE

TN KIS VAR E D X T LA A VIR E— AT A > R, frESI#EIC
LD/ NR R 2 R E SN TV DEIRIRIRBIZE AT — 2 3 2 T, 2.4-3.2 MeV Ni
A T DOWBE 21T - 72, BEEMEITERD 600C, AfHEITRA 100N & Lz, BE%
(AL AR BLZE 2 1TV 123 5 2 2 BRI R B SE AR D BEG SEHCIR B 4 )0 ) R AT D30k} &
g Uz, b4 — A7 1 MilTH D JPCA2 (BESIA) %MV -,

F7c. i Nighl (15Cr-43Ni, v/y "9t A Zfalsr & LT, # 7 L8 F ik
#n% Tz 2.4MeV Cu A A ORI 21T > 72, BS54 700, 800°C, 200dpa & L T,
A AN ) B TR C ORGIFR R Z0R & Uiz, ZREEE Mo thighf & L C, Self A4 42T
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HD NiA A%z, BEHEE 500, 550, 600, 650, 700°C, Hift&E: 100dpa THiS L7=&
Ni #f (15Cr-35Ni, [REHT AL b BIZEEHE LTz, BIERBOERICH T~ T
X, TR DGR TR & OISR A A4 B — AN TS E & V2,

3. MR

S AT K OV B sl B O it ORGIFR AL 2 bl L7 i R 2 X1 12Rd, X1 ok
BTG AT B 2R L, FEHCIE 25N TIS 2 AR L2 £ £ BEHEE 400°C, Mt
& bdpa E THST L72alBt 27”4, I )72 LOIREETIE, B — 27 OIHIZ O Bk R
FRIDENL— TR SN D05, BT 25N OIS & AT 5 Ly — FBERD
TRVEIRIC W T b S L OB SR S hu, I )AL OB RFFHICE TR ST &0
REITZ,

B 1 FRESEUBHETH ORI BLZS R (400°C, 5dpa)

IS TIEAATIZI T D5 N1 gl (15Cr-43N1, vy /vy 75987 ) @ 700°C. 200dpa (28155
MAEMRBE OB R ALK-2 LR T, SRAVERNEDORETIZEBN Ty Ty”

(Nis(Ti,AD/NisNb) #TH#ITLEICTFEEL TV e, 5%, IS AR T 2 R
ATV, BEERAZ T 5 2 LIk o T AT Y & VRIS RAE 3@ Ni Ao i o
BN Z1T 5 TETH D,

B2 RS U7 NiSRECRHET m O G RR L2 A5 R (700°C, 200dpa)
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F7-, ISHEARHICBT S E Ni 8 (15Cr-35Ni, 15Cr-43Ni) @ 500~650°C, 100dpa
IR 2 AT ) o VR OSSR E 4 X1-3, kAL Z -4 1277, & Nigioz=
Vo7 e—27REIE, 600CEETHY | MR OB RN O ARA FRBRSNTND
T e AR LT, 72, 550°C, 650 CTIXHAE 2R A A Y 7R ST, 600C
IZBWTARA RBPKRELSRET D Z L 2R LT, S5%IE. ST o fmikin o7 % FFM
FToHLEBI, MEINTEA M CTERDMATY & VR 2 G B U7z Nidilks o8 1553
2T 5.

(100dpa) [ ko pzzyL s |

(100dpa)

(100dpa)
(250dpa)

3 MRS L7cm Ni gl 2= U o 774 o0 FRSHE BEAR A (4 O F55IP (i B 2 7~ d)

#Eg A 1ID
15Cr-35Ni 4 15Cr-43Ni §ff] PNC316 #

(2000MC

ESICU)
#

i)

4 RIBHFF (ZEA0: BIFES, 10 REARER) KO 600°C. 100dpa 7' /v RREHRT OFGHIRL R
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QUEST &2 51} 5 ECH 75 X507 b ® CCD M5 OREZAIC BT B3

A FHFIIERT « KIUAY T VBFSEED - AR

Eﬂl

%

FEE S : 26FP-26

WFZ2RREE : QUEST & (281 % ECH 7T X~ TOF A A RHM OYEEE BT HAF5E
AT FEHAR H26$4H 1 H—H27%3 H 31 H

FTANEEN « X1 F5hf

W& : 54 (BREE, KRAOSKES, HEELL, EEEEA, Santanu Banerjee)
Bosy4R « AFgety (3 0 T, gty (10 2 FH)

HHY :

Tl 5y YD 7= 12 QUEST Tit VUV 23842, LHD i EUV 40684 L <\ 5. QUEST
TiZ ECH </ %éﬂﬁmizﬂ/ﬂ?% T o X RN R ZE R g & BB L C, LHD TIE NBIIZ
FLIA U7z = p L X — iR 28BS - TR L C CCD MR BIE L, K& AT ORAER S 72
D, ZHHME X BRRemE TR L — Mk f- > CCD *ﬁu”j%%azi—?zZaté\{ﬁODﬁH?ﬂEm:ou\fﬁ%‘E L7z,
S EIOFERILPHEFIZ LD CCD Mit#sBG A HEN T 270 DT — 2 & L THMRERE 52 5.

SEHEHE

QUEST |Z5% & L 7= 20cm [HASTEZZEESN 04w & LHD IC3%(E L
72 EUV 23tz D[R U HRHE CCD M TRt S - i & Lhilik
L, BHEMEREDRELLE2TH~5. QUEST (1% 2008 £ 12, LHD
(213 2004 £EFZIC AR D CCD Methidn ik E L, FHHlZ Ak L T 5.
——— X 1 7S CCD g

QUEST Tl BEHEEMENO THREEFE O R F—NKE <, KK IMeV FE FE TOM X

RDMEEE NS AT SN D, 2EEN S 2m FRE OFRREEICERE S 17z CCD BRHERITITA S I X #2s H il
L, RERMEAELIED. K2 @ICEOHRIP720E X FUZ KD AR MLERT. T TH X 7
WCEDHEETHY, VUV AT MVITMEF T RENHFRMT 2 2 LI LW, T T oME
INIVADWE BT T HZ L1k, CCD IS TV A X RO RX N X =& 155 2 LN T
5. EREXM2OIIRT. BBLE 80keV EEEDE TOM X MEMRHL TNDZ ERSN5.

3 LRARAS RAARE RS MRS RN LA RS LS LR MRS LR LA RS LS RS MRS MRS RS 200_"'|"'|"'|"'|"'
QUEST 2012/Jan/17 #17607 : (b) QUEST

F(a) 1 1s0f 2012/3an/19 }

1083 Counts/ch
Counts/ch
[
o
=}
T

)]
o
— T T T T

O Il ‘ l A L 1 A 1 | M) L LI ‘ Il L L N 1\ L | (UL ‘1 ! 0 L E— S— -
700 900 1100 1300 1500 1700 0 20 40 60 80 100
Wavelength (A) Epx (keV)

2 (a) QUEST THUH SN X BUZ KD HEE /v 2 (b) f X #r KL — s 501
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MEEGE T 7 A~ &2 AR T 5 LHD Tl X #RIT84AE LRV, NBI E— AR L7-EmT r b
ﬂ?ﬁﬂlﬂ‘f%k%*u%?ﬁﬁ TR ENS. FOETRAX—R 1L EUV 2680 [m3ks - Tt
S CCD MR RET 5. BB ERE TIIE— 2 0WERBNEL, L od=xirx—
B2 S D. IS(a) ZZE OB I m = R R LD AT MV ERT. EUV A7 |k
JVIEME— 67.4AD L Z A2 CVI O 2 KEHFERTE 5. QUEST OHA L RIS, TOHEE L AD
WEanhrT 52 L2k CCD IZR> TETNDETRIF R DT R — A& KTz, R
#[X 3 IIART. KT 150keV £ TORF-ABIHITE, ZDOTR/LF—(T 180keV TAHFEN TS
A 4> NBLIZKIET %, 1EA 4> NBI O AK TR/ F—|F 40keV TH 5.

10 T I ' ‘ 4
= LHD 2011/Aug/11 #106099 100 TD-NB' n-NB'T i
K - @ - i
2 s 4 (b) 1
5 6 & 2 1
8 4 8 10f 3
™ l O
S
= 2 “ w/ C filter

%0 100 150 200 1o 50 100 150 200

(A Energy (keV)

X 3 (a) LHD CTHEIHI SN D@ R —FERi I L 2GS A2 (b)) @ VX —hi - s oA

QUEST T/ 8 4], LHD Ti% 12 4, R L CCD Zikfse L CHEMA L7, fit-> T CCD #ith
BITOHMOM, 8 XKL LAILEmZINF —hi ORI Z it/ d. 22T, CCD M
mTROLND AT MV ZEN LA TR & T < RO & THl L7z, il oA B, Z< &k
BoNIZ AT FAORK 4177, K4 @ik QUEST 72250 VUV A7 kb, (b)iZ LHD 7260
EUVx&7Fw?%5IHD@?~&i*ﬁy%ﬂ7btmﬁm6ﬁ%h1wé FHREO X #0m
TR =R OB LD 53, A7 FUZIZE<HEE S LE L OB STV aun, fE
LA DT AT RV ERIBROMEREZ R L TE Y, &< CCD MHEHTHEEGIT R Y= 5720,
F7o, 2IITOBEBRTART MLVEBLHIL
Tt, CCD ZFOBELFTAVBEAD #24979040:505
ST KR E LT, R OBRMALE . @
THEHlIS N8 X om0V ¥ —hi 1
MRS ECIE CCD M tasl TR E L = T 22
WG mol.

fifl X 41X CCD FE+HNDE
NEh, £, m=rAX—hi1L CCD
MHERO T FH CETERIET 5. ik
T3 CCD R AT 2 FZDb D%
BEISHELLEEIOLNLDT, BAEVWDE
BAEBIITHE TE WA, ARG LH
1o T — B35 % O3 FEFHRNC 0 b itk
THEBIZONTOEELRD.

=
o
o

o]
o
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K4  FSEEH L7-() QUEST @ VUV 2~<7 RV Y
() LHD @ EUV A7 kL.
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TRk 26 AREE IS AR ZEAT L EIAESE
(7T X~k Plam ) R EEF

REE  ERERFEseeT Orilkn

ALY

EREIGE T T X~ RBROFEHZ L TRHEAER L TWDIE, hrA LT TR
~ O AR —ElER S e — FRE~REMET 22 LICk o TEENT
SNEMAET 5 Z TR REE LM S LTV 5,

AWIETIE, buA ZNT T X< ORI L, # 0 IABBERIZ IS < BR BLR 2 H
AL, BLIHE & ETER DB A 2 e T 2 Z L 2 AL 972, b T, fik=
— FIZHW b5 BN A T ORISR 72 b O~ BT 52 L2 AL
T2, TLT, VR 7 XA~ Oitit 128y 5252 HIET(L, 2],

EEREBRDER

MEIEEAT ] E WV OBEERD AWV DI DR, V) D OTEBEDE G WA E &L IR D
DTIHRWE WD B2 AT NERICSH 5, EEOE S WE ED X 5 I1ZFLlR T2 0
X, BET 7 XA~ ohLDETH D,

BOEB 0N CIE, BEARNRBREO XY A FI 7 AL ZROLOM%EEF DI 7 1l
FEE) & ORI, P72 A 7 — V3B RR D S, FENTXEG: & 3 2 BIS 25tk 3 2 it fR
Blx, ZOXGD A — RAFE Ly TEkfRE (@kf7s)) ) Lled, A —ngy
BEAR S LAV L2725, X 7 o B ORFERER - FriER 13, EANBIHEORFZEES K
DB ICE < . ERBUIENZLT 28BS, ERZERIOS - EFIRBICELTY
LT THY, I/ aFEEOL LTS REIT, EASKIOSUMEERD & THESN
Do ZOFXFN TRFTZ v — v — | AR SR, 2 ONEZ ORI O B
THTREEIND, LWHGH) Tho,

ASLFEBFZEClX, By - ERICO 2R A2 B L, ke L ERNEK s
OO JRFT 7 78— v — K O % ZEI S BREE L7-2[2],

%%Tﬁi\ $ﬁﬁ%£ﬁ‘%‘éo)}%}?ﬁ7 D“‘T\/\\‘)V  — T T T T ,l T P‘;:er:“
—OWNEWRT DR E RS EHE, = | P08 [ g amen
Inagaki &1, FERZEBT 2 BUEICH L, 7 g SO d- Ech
7 A~ OREARSREADIICESS B | A
LEREBRL, WEAR grad T LB =, |ECH

. c 4
&M =20 _ . -
T [+ 7 Heatruie
L 1 » PR | [ P | L
g/n=-ygradT -28 -3 -3.2
V,T, (keV)

DX 57— MioBI% (GERAIBERR) 2o

DTIFRL, EAT VU AR HERERAL
72[8l. (ni3x7 T X~ ) AR TR R
2535, TEk, Wk L-HER O X

X1 : Af-2AiEfRoe 27U &
F R ST, [3]
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I IRGAAERRE ~MMOBRICH D EIELON TR, T LT, ZORMOE &,
EREGEAED L 72 b O ERI N TR, 20T, ERHIE, Inagaki H ORI &
HEAT Y U RAEGEULEERERTH D, A — S8R, B E LTy TITD
Z (EH/NT v ADWEBSCHMBRIEEI SV D) —oOHETRATZLOTH D, i
BDRNTEEN T A HER O TH - 7=, Inagaki HDFERIX, #EDIGENE
IZEWIRTTICHDIAENTZ S O TH 5 FE=/R Uiz, sEICIRE L8 O RpZE i & /50T
L7=b ORI 2 TH D5, X2i%k, ZRBNIEHET VOSEORD T, AN TSR
B (K1z2H7207FKN) Thd, T, & EENE#MR AT OEE), HEN
HRAL 25 (r/a) 0.37 UINEAER DD LAMAD ,0.82 (INEGERH> B B2 T k) TR HARIE
FEEB 2~ A FBOL, IREEBORFM - 8H LORMEG TH 5, R, Bk
DIIMBAAS) DR T RRZHiI 2 B, t<ty T, t>t TITIRIEE WO NAIIZH 5, JEHA
F 72 MEEALIZ XIS LT, P ONLE Tk, BEE LA MARENE Fo, JEBIET L
DA TR, BEMEDS 0, iR, F/hOENENZ T 5 & MOt 7L iE T,
WTAIUBIRIER U X 5 il Z 7, (—OOREREFFD,) T 5 Leieko 48
VXY | EBRBIAITIE, BEMED 0 ONARITIEECE TV SO ENE RS AS,
N\ on-off DARPLDIRIEIT, T o LIHEWFEM THRIEINL TN D, B D NITEEBORER
NIEFEL TS, EERRESH TWEARERNRMEEZ R LZEE XD,

Z OB O EYEZ MRS D A DB N BT T, B2, BIAREERA LI-H T,
TN B & I B D = R Y A JE CBLI - B HRFIREIC 72 o 72, BIR, TR, 9RZED
AR DZEM AR % L9 5 S, AR IEE T VML TV D F AR T D HikE
RLTE6, 7], ZAUC LD | BB e Al RE 22 RAEEE 721 Tld e <, IR %
DONLED IR T — 2 DR S D K 9 72k H > TH kDR a2 — % —0
il 2 BRI 3~ 5 S FTRBIC 72 o T, Z2H O FEBREBUIISC BRI 2B 2 G
M EE EORELEZ, 8],

X 2 : IR A E O NEE Y 2 L—3 3 o iR EEE O R 8b &R
T LEMIDNIEBET LV OSEOIR DB, AR EREN (K1 27209k, &
BBy JEMIR I A D% E, REE  HESLER(r/a) 0.37, 0.82 TOJEMIRIRELE),
TE: IR ORI - R EO2RBRTH S5,
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FLLBANZEETH

Z @ Inagaki ©H DFERIL, IREARLRCE EARE D, ERE 2 DL TV B A
DI, TEZ F D8 LW FPERR S HFEE R LTS,

HERIIZ Z OREICEL Y $ A, 7T X~ ONLFHZE] E CELITHEIE O IRE & JE5E L=,
ZLTC I EET 57 \ICERBTHHET, 77 X~OMAATI N EHIZEWE %
ZAb S % ATREME 2 FE 4 L 72[9, 10, 11], TR DT X, oA Zl (v vy 7 AU =
BN EDTN) 2ELRTHZLixboo, [DhEREZERT 571 [CEBT5
FITE) ST, ZONERBTHNNTAZELT

DR INTEY, FrizlIE 2 KRBT 5 /37 A XT, BNEA S iviz, BLIESEFREL
X UAT) EWIHIRFEEZEDENRENTZ, PIIMBAATTHY . EEIMEA S HEL
Ti-CHE B AR R SN T2, IS, 28 1 1223 < L&z LRk b5hi-
[12],

Inagaki & OB, SR DO~ v 7 AT TV 5H D OBRE 7T & 1E D ATICEL
TERZAL L TWARELE R LTS, ZNNE 2T U S RITHND, Fi-e B0 7
DOENMEZ R LT D, 7T A~ O ELiaE DR A E % fif k9~ 5 % D45 1% O D
FER LTS,

H-mode BFE D E R

K22 BT 2 A7 — WRA D72 TREMZRBIZEE LTI LHEBR ST 5N
%o TOMBIZHONWT, EIFFEROWEOF RN LT, & 2 Tk, BN
W& AR ARL, A Y A — AREOFIRES N 7 MEENFEL TWD, RES
IGET AN U B S 2 3 I RRGET L 72 [13], JeE T — Z figdrisEz2iE H L. L-H
BEBRBIZBITDRFZEL A T X v 7 ZAOWFERBIH AT F & THE LI2[14],
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Sl B WSR2 F TR U R O B OB 22 2R

FAERT:  &RAMETZEAT )l

- HEY

AWFZEIL, A FEATIC A AR B 12N S 40T BBl 0 B U 254 EARAE 1+ & s Y
%%EﬁﬁmmJaMmmmmew B2 e KBRICTEH L7c, JRF Mt o dEF e T3
BT NVEMELT DT DICHERAI R EFTETH D, Rt oFmz287e 5 ekt
— FO—2>ToH DRFMIEIL, M B ORE SR FUARHT L 72 A 28 1R Tl 2 2 2 &1
E<HOBENTWEDR, ZDRA D= A LOFEMIIRTTH OGN TIERY, FlxIX, BiEE 3K
VT, B TR D AR 2 RS B AL T L2 . R CKRIR Td - T b R e 5
FHC Ko TR D Z &0, RFUILT LHRITREE —27 0L 2 A2 L THEICEINR

HEIRTIE RN k%ﬁmbt(ﬁgnbi:h@m%%®ﬁ% FTRAEBET 2 H LW
RThbd, KRFEMFETIT, ZNOOFARLEZ EHEHNVIC L, R8O E FIEMET %2 Hu
T, HINMICEG EOmWWIEBREZITH> Z & T, “EEZ%@E,& ITEZ M WnWH =T U T
A = AN MEEZ 52 &2 BT,

Fig.1| i (B MBI L=y 7 VORI REND EDS v v 7

- KERI7TE

KRN ARHI 2 bt S BBk A2 BRAE FEEEEO P TR Al L. = Ofk
Wrm e 2 BHOBIER+ 5 (BI9R Y AL ZIXHBTOW 2 FE) , KRR L 7= Rl Oy % |
WA TS 5 2 LI L > T, EOE S 2 S IRE OBS ) Dikin T 5, Mk
ﬁ’%wéﬂﬁ(i*W¥~AﬁMXﬁ%%)K%LTd\WNwL%Mt EKED

s TWd (BEBERMHME . 207 0 Lo XOERIE I ZE M EAERE
E@mo:)®@m §) 720, RITREMENGE CHERDI D+ RIBETH 5 & WiFF
TE 5, EROBETTMEE T, Blobi R (ABERE) ORSE HReBlgd 25
RN EEEOBBMIE L U HAMIIE TBAH T LIV, & ZIZENHE RSO E
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DIERMZ L TWDONN LN SR E W) REN $H - 7= (image delocalization & FEE
HMETH D), ZHUTBAMBIL o XAOBEKENZEICER T HMETH Y | AE FBEETIEIE
IZZ DR AEUE LTAERR L 7o T D, AkEnEfe OB RBLEZ BN IR TEE LW IR
TEDS, REWrATE O O HTIZ RS Th D, L L, ZOEFHEBEE TIIESICTE
5 “FEWrETHR ORI O bl 2 Bl - Mk O RIRFELERT 13, RIS OISR Z
NETEISHWLNTELA =V 2B HNHERLIKRILL—F—T F AT B —7TlE, ®
NI THTERWITTH D, THRANFETHIR TE DHERDOF a7 EIZ SOV T D, ik
KERFEZ A Th 5,

- BRI K O SR

FEHRE BB B ER O EA TR X N EET L7-7- 0, BHHZ M T 720i% 2/24~2/25 @ 2
HIOHTh > fz, o —H — & TEBEBOMAITBUCONTHA L A EZi T D &
WO BRI D T2tz BIIRY RN &l Lo A2 ERII THOT, 2 EOBRE 1k
ERAL—FH L2 EAME LT, HEOROEBONIT21T -7 (Fig. 2), 2O
Bt~ v B 7%, Wb L ZOBBETIIRS Tho 7228, Zh & i3fhkks B
R REERE (23 v bR —EAURHRIE B, A L R ORE I GEM IERERS, B 30
) ORHER) T, MeAT A 2 2 ORI LT 2 S IL T E Ao, i,
ZOT = ZIIRPGERE CH DR OIT —~ LIXEHERR L TWZRWAA, B 5T R
R E VI FRTIEZR, BUEERBEP OMSUCHLERA R D THD &0 ) BRTHE
672 FEBRT & % (Nature Physics D L7 U —nb D 3 X 2 MTKIST 2720 DBINT — %),
Zoftiz, i LI OEFBEEIE VTR VoL OBINBLE ST O 2 oD EREIT
Hxr LD TEY (Fig. 3), KL L ORI R ERICHT T, EHITEVWSOSH D,

Fig. 2| 2MRAT VLV RICHHLEZE&ER

{t&4 G#8 & Cr-rich o'fH® EDS <~ v 7/ Fig. 3| #RY¥577v7DRETFLV B
RO 2%
R
EERERIEDS 2124 TH o727, ZOREIREELHEL TV DS (2/28) TlX. i

M OFRRERITEEL,
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BIRRFH T AR TR SR TEEEZ
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1. I XCHIC

Bl &3 E OB NI 7D A L OMBAERIC K > TEENTHHERES X A M EEKT
%, HMGBEITH O, BHMEMETH S b F U LOHEREYINOEL D A S HGH EYE DR
W Z5 & U, £ X MRAIREUC K 2 EGHEYITEILE DO rTREME N B 2 728, 22421k
TREEME LIRS TWVW5B, BEHREIHM D—DTh % REMEHIMK Z # Tl BVE R ICENS 72
O, SE TCORKMARBEED T T X tmiEe UTIASEREINTE 2D, KEaiETtH
BIKERMARIC X B HEERD S VWEDZEOHHREEE L UCXA MNERENE L, ¥
NS DORZLRWEREYNCZ < DIKZEFNANID AT NS Z EHAMEEZ> TS, TN T,
Heliotron-DR 2& & 7% W 72 {KIR « (KSR EIKE T ARICIREANFI & LT A X Y (CHY) ZHWv
TR ER B R TERIC K D, KK - AZVIEBT I ARICO T EEFEA (QJ/Q,~0.05)
I K> TRFEBRHEREDREZIMHIE NS e ZRVWEL TV,

2. Heliotron-DR |c & BEKENY €2 Z AW REAFIIEA

1 I Heliotron-DR 7 Flu 7z e B EHERE 35 K O E/K B O B E X 727”9, TNE T
FAMIRE LTXEZ Y (CH) ZFHWT X, ZEL FEROARMEE 4 (TDS) % £ & E &
U CTRIKZRZ M) 13 750K ERHERE & 2 OGRS 2175 7eoIc, REAHE LT
HIKFEANE 2 (CDy) 2 W TR 217 5 Too BEREAINE D 7+ 7 T IRISDFEIH D T2 1T,
3BT E R dsZ EH A 7+ 35 K UIEGRG O ZEHERCRICER LHHE AT A9
AT T, Tioo RIS K O IR0 21T > Teo IKSRMUKZERIR O KRB D BIED
TeDITBGARBICEN NIV O VR RICHERTS 2 /KA UIREIRE 2 0t ) 7Y A—4&
THIE L, YR MEs 5 TS SEM TRIEBIS 21T T2,

212V 3 RMCHER U T /KRR SRR HE R S D R R SR 2R 9, iR e
Z il RRPE A AR — Al (MRS KD ~4 cm SMID ORRFEEICERE L 72EEIcB 0
TH. ARV EFRRED ~ 3 nvh FLEE D HERDH L 2 FF > Te REWHERIR E 2 1S T2 8, A X >
EHRFNMANYVE Y TR ZRARERAED RSN TS, T OHIR 2 REMBEHERRED R
FAMIROENCE B E DD, TIGARBORENEDENNCKZEDMTDONTE, 5
BT A TETH D, LUK, BEKFEAND Y 272 F Tz i ZIEHERNH] 5258 13 0 7 o B
HEREDME BN % Ts=300~320 K DR EE T 720
| D,20sccm CD,:2.1 mg/min

H,:20 sccm CH,:1 sccm

D_/C D_plasma

2 "6 6

H,/CH, plasma

Deposition rate [nm/hour]

0 1 1 1 1 1 1 1
300 350 400 450 500 550 600
Surface temperture [K]

[ 1 Heliolron DR 341 (IFHBAI L RV ) LRI o o 1 B
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3. BREAICKDKAMCREBHE S BXERHOMS | BREIANY I v —3HR

X 3ICHIKE / HRKBMAN B T I AHICEREZEA L E EOERDHTERZRT,
LEFE O, FEFEMED ND; %° CN 2 & D N Z B TR P EEO K Z ahih A oh s, —
Fiv AIROEHEDN BIE CN 0 FARY MIVREO K E 7% ERDBHIEN TV S, ThH O
HHE SR, ERE A K O (RRE THREETE DRV RIE/KE (CxDy) h 5 IERSEM:D NDz
CN A FHNEIRINICAER I N EICKBEDEEZLND (BREANNY I Y=,
ANTEFE NI S IKEERBIRBEEZ L 2 7R 9, ZBFEAIC K DIKELREBRRED E < 1
HflENTWVD, TORAFEKEDOMHNIE, REBRPICTK SN TV BHEKERDOEKEIIRZ &
7269 T ENHREEN S,

B 5 1CHHA A E AT THICEA LIHFD e
FHIR RO A A R 2 b 72 7R, 10° .| EE with N, acition v
IKZC IR R IR HERE O INHIIC F B AR B 2 R d ND,, CD,(18)
FEFETE CN R TP EH/KE W e 2 i 9 5 C & ND, CD,(16)
WHAR SN SHEREMEND RO FORFEEENR
bNbd, /e, TNHHEFEMENT AT EZLDOR
PERF (10~20 77) &, EED T RAEA / P55k
DREPERE [ IR B AFIYE AR D Atk 2= 77
ZAL DRFERFRNCEENTIE A MICEL, AT . C,D, 11.6 mgmin addition
NEENEET 50 F R REHER R P A 10 213 14 15 16 17 18 20 26 27 28
DEFITT DI B TO MRS TR mz

- — — - 3 FHKE / BKERV LY TS5 AADLEHE
MBRL T BT LAl sb0LEac IR TILe L5

N,, DCN,
C,D,(28)

N, CD(14)

\

1x10™ ¢

1x10°

Partial pressure [Pa]

W5,
X 6 ICIARRICERE AT E X7 v T2 —
s 5 I\ - . 60 ‘ C,D, 2.26 mg/min addition
SREMHOTKER FHEOBMELERT, ¢ |
HREAFOMMCONT, BERKZEETDDE ‘% or \‘\ w/o N, addition
ATy TSNS %, COREERE, X 8 4w l /
YU VENCHECEKEERDABENEHE S wl b
WM E N T Wiz (FEKZERZBIRLDOIE ) E 20l P with N, 2 sccm addition
RICEZANEAEND C L THEMPAOTK T \3/;
FHD I E N L RRTDETH B, 7 T e
o — L L L L L Ll L
BRIZ T EFDY. Dy(m/z=4) %> HD(m/z=3) Ic & 7300 a0 w0 360 380 400
ENTHD. Sk, sl Bk E e & O R Target surface temperture [K]
ATV, BRI AT K % FHK RN %0 R 2 4 HERIS DR K R I 71
HOMCT 5 TFETH 5,
C,D, 6.17 mg/min addition é_ < 6 n
0%, N, DCN.Cp, B E %
T (m/z=28) 339 3t
£ " N, fseeml o lue[20 o0 b SN v B ‘ ‘
@ 10°t \ £55700 04 08 12 16 20
g | — [“nff'zfl% § & :%: Nitrogen gas flow rate [sccm]
5 o — Foouw0; o
= E‘ 0.00035 I ! ! ! ) |¢ |
§ o oot L 7
oN, 6.0 HCN, CH Sop0020: 0 + 041 08 1.2116:20:
10° (m/z=26) (/2=27) , £ 000015+ '
60 120 180 240 300 360 420 480 & 0000 0240 20 %00 0 %60 80 420
Time [min] Time [min]
5 FHKE/FEKENVEY T T AIHANDER 6 HKE/FKENVE Y ST AIHANDER
BTHES 0 F A AT HEOREEIZE S KR EF I EORHZ L
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26 FP-30
PRHEMAKERIR - FFR ) FoLES 2 v AMHDOKIRORB T

Thermal release property of hydrogen absorbed and stored in lithium oxides ceramics for fuel cells
AYRFE T BB X
Bun Tsuchiya
Faculty of Science and Technology, Meijo Univ.

B BiE, BEEHKEREEO K FEAGTRIC R 53D KEITHA B OKFEWRINL, Bkl & O R EIE, &
IRATER, 5 wt%ll EO/KFEOEEATERA B L OV 150°CLL FOKHRE CTH 5, AFFEETIE, ZNET, Hiki X
CREHFIZBOTEE TRIBOIEBIRE DN F 7 5F % % — FLi2Ti0s), Y F v AP ax— MLigZrOs), U T
U LY r— MLisSI0)E 7 X v 7 AMEIO KERIEAFFE A TR, LieZrOs 38 KO LisSiOs O EHZ I T,
MEIOBEEANFRIZ IV TLERUTHET 721 TR & 3R 2 Z L 2R R LTz, ZOBEEOHMIT, 225H DK
LOMEHIZE D AT, KFEE LTRSS TS Z E 2 ER L TR Y, Hil7 kBB B O KB EHEIRE L
THHEND AREMED B 5, 6> T, AFEO BRIE. ¥ > 7 2ndes % V- kb 7 H(ERD) A & OB
EEIEE(TDS) & VT, ARBHHEE 2 RET 5 &, KEOBHH SR L OMEH P IciTE S - kFE0 5
PLEIZHDWTHHBENITHZ L THD,

EERAE  11598.0x1.0 mm®, 2.53~3.78 glem” DL, BB (AR D LisZrOs 3B L7z, = 03tk
ZHZENT 473~573 K £ THIEL L CRURHP OFR R K8 2 LV BRU N =14 286~297 K D=1 IS KUY 30-55%R.H.
OFAFHBE DKLU LE LTz, 20L& & WEETRIFEZ AT, Li2ZrOs 3B O B B2 KU U7z R (225 2
FREIDICHRT U CHIE Lz, S BT, 1LTMV Z > 7 SEERN 5 D 2.8 MeV He2tA A4 %7 m—7 B —A L L7z ERD
FEIZE D BRI SN 7o RFEM) DOREARE Lz, fift HIRERB LOEEN —EIC o7k, b0k
ZHZENTEIRN DR 673~773 K £ TMELL T, ERD {£8 X OV TDS ¥AIC £ 0 fift H IEERIE R K O A AR D
HR a2 EUT o T,

ERBRBSUBER ERD ALV HE SN LisZrOs 3B O H ORI %X 1@ T, K1 HD 298 K DA
7 MTEBHERS OB O H IR 217, KHO) D FEMERIFHZIRA L, ¥/ H -, KEEE(OH)
DWW HoO DR TR SN TS E B2 HD, 333~423 KIZH1F 5 ERD A7 huid, iBaFKiRET
%10 31 DOERFIIEN AT - 7o B ICHE Sz, RSS2 HIREIXIRE B & & bICIZEFRE TR 75 2 &
Dbhote, WIT, FRED ERD A7 M4 w w Mia 298 K D ERD A7 MvD4xd1 7 v METHUS L
L, JIBNEEICR LT my b L2 1(b), B O H IREIE, £ 8328 K DIKIR B Ui, #1423 K T
PAHEED 10 %A TIZETHZ AL, ZOfRRIE, LidZrOs PIciifEs iz Hix, & M7 v 7 A bnb
e & 2 WNIFIE T2 72 D D =2 L X —03RD TR | FIIEBERBDIEF ICEmNZ & 2R LTV D,

150 T T T T T 1- 2 T T T T T T T T
ERD_spectra (a) 1 E Li,Zr0, (b) 3
Li,Zr0, 1 1.0 Fx isochronal annealing for 10 min. 3
isochronal annealing for 10 min. 298 K = E ® as-recieved (first) 3
100 | TRl R ok e o as-resieved (second) f
® .e-363 K ‘© 3y ---after air exposure (first)
t e = E P -+ after air exposure (second) E
3 oSt TSR, = 06F % 3
8 P b o423 K o %
- ‘» =] E Ky E
L N "-..:"-. . 2 04p O E
oo T o - (‘;"‘. 3
o000 gt " 00, = E ) .‘-'*:
P - SO S g ) w02 Vo ; f
[*-0--0-8. oo ee.a-0-0 S 0.0l 3 O T LT E
0 A Pt hifhaifind 1 i 0.0 L L L LA ) P """‘;Q~-x
100 150 200 250 300 400 300 350 400 450 500 550 600 650 700
Channel Number Temperature (K)
1 (@=iEN 5 423 K £ TS - LizZrOs @ ERD AX7 kL (b) LigZrOs F Of#E H

T BE DR PEARAFE,
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WIT, BZENTRRARZ Y O LiZrOsB 2l PO m e T
o 5 . e - 2 f 4 208 2" 3 . ]

BOTREIHR LT, ZESTRERIICA 5o § 00 g EZEE exposure to air at RT.

DEEWt% Z K 2 (R T, REIOBEERINOEIGIL. 0% .g 25.0F oo W oo eeee o ]
S [ 4

FELTx L CH RIS L=, HHR T EICETHZ & ¢ 0.0f ./ ;

BB, BT b o & LEHQS3 gem)DIECRBOREL, L 160f  f i iih sssnin snan ssan

#7 1500 hrs THJ 25 wt% E THIIN L7z, RIZ, 1410 hrs DZE5 § 190 f ;

FEMIEIC LN BRD A~<2 MUB EOSCRENIC & o f o _
L . GEDOEDO O MO0 GNNG W00 46 60 4000

%9 % ERD A7 MDA U > MiEkZnENX 3(a)k X

0.0 ww VWYY YYRYW WYYV VY VY. YYYV
GMOITRT, ERD 222 hLOHiio> Channel Number 112 P sretine (rg
Brahiz HA A r Oz 3 ¥ —CTh ) RS GO HE b

%o T, HOREEF, EOWSITH L THITTFERE
BN Z & 3biode, £, K28 L080) 2T 2 & 22RO 2 BB O BRI & e H R
DOEEMAMUTAE ) 2759 2 L 305, - T HEFINIRK P ORI ER D—> & LTEZ DD,

2 R TKRKPICIRE SN LioZrOs O EREZE(L,

300 r T T T T T T T 50000 r T
ERD spectra, 2.8 MeV He* —> Li,Zr0, ® 253 g/em’
250 | t t R.T. for 1410 h N gfc"'g °
exposure to air a or rs b [ & 3.46 g/cm °
after annealing at 623 K . 253 g?cm‘”’ 40000 - 0 3.78 g/em®  ©
[ * 2.98 g/cm
o A : 3.46 g/cn @ 30000 |
) <1 gfefaRNoY S 0 378 g/om ]
S 150 | O R AL S 5
3 R Y oo THEL R 3
R ~ 20000 | A
100 Pezgaiyte © ° . : E A A
o . .
10000 [ M v v
50 fo °
2
K ORI
0 50 100 150 200 250 300 350 400 450 0 500 1000 1500 2000 2500 3000 3500 4000
Channel Number Exposure Time (hrs)
3 ()= TKRAIT 1410 hrs X N7 (b) LioZrOs HF Ol /K FIRE D72 5%
ERD 2A~%2 kL, IRF AR A T

Wiz, TDS k& HWT, EEZE(EN—EIC 7~ 72 LisZrOs ik 2 =i 6 773 K £ T 4 K/min OIRE FF#E T
DEA L BREFD DI &40 D T ATEOERIEAT 572, 55472 TDS A7 hVAK 412773, CHad KOV H20 539
300 K DAKIED B i L, fe\ T He DS B — 7 239 427 B X 10603 K OMEEE CENl S -, 512, 10 min
M DZERINEE (2 ERD 7512 X - THIE &2 LisZrOs T oofit H B OZbA2 X 1(b)HoRd, fhie H I3
323~423 K B X UNI 473~573 K OIREFIF T35 Z Edbnnoiz, 2 BB H kL, 2F8EO N7 » 7
A NBFETHZ EAmRL, 31T L &5 L KEBEAOH) OJE 0 1203 L7 H20 OFiEE, 56 2 B
H 51 OBHRZEAN D OBBENEEHTAEL D EEX bND, £z, M425 500 KL EIZ7: 5 & CO BLTCO2D
BB, ZhbOH AT HeO & FRFHIKR TN 10

MEHRICR SR TR Y, RRAMOBOZEDTOSERTH g | ¢ omin
HLEZLND, g

FLW EENTHAT3~6T3KE AL TR H R0 8 10°F

7= LinZrOs & Sl TR PIHE LTz, ERIEBEICERD BIc £ 4gn |l

L0, 2,53 glom’ O LisZrOs O RAH 1500 hrs OZEL A 3

40 25 wiohE THUNTL . RS H MBI o s ik B 0 |

I B EWNb T, Eie, TDSIEBLOERDEICLY ., 10

300 400 500 600 700 800

H H 13559 300 K DR 5 CHa 35 L 0V Ha0 OFZIR TR L, Annealing Temporature 00—
B HEE Y 423 K T 10 %BAF £ CAT5 2 & pibinore, D14 MIEIUE LiZeOs b ORI AT
DIRERAFE
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26 FP-31

MRS - et Z X v 7 AP ORKRFNR O, Jrs. B ZBic B+ 20758

UM KPR F P b & B LA JEbt
TRV — BT
B fE—

1. HWY

BEREE S AT DB W TREITH S MU F 7 A3 B E RS & 2 WIFEEM & L TlEbil 2 &8,
BERICER, Zm LA, BRELT, ZO—HRFN~FRHLIZY ., HDH0E, FOA~RIR L TLe B
LR DA RS D, 20X )7, BB, A8~D MU F U AEMEY S TZ0IC, OB E R
WEHilkDa—7 1 7k E LTEORIMERMEINTND, 2—TF 1 T8 & U TRER R BT,
AlLOs, ErOs. ZrO,, SiO, (AHEA T R) e ENd b, 1272, TR HLOMEHD U F U L% GTeKFFRAAE
ZENT, T BEREMELS, o, EEREL/DNIWEHEMEINTRBY, TOEBRTIELR O, BHE.
PEHARBUCBE T 27 — 2 bEEMAF A 2 —7 v 78 & LTI 2 123+ Tk ViR d 5, BLFEH
W2, a—T7 4 I MELTHEMATLIHAICIE. ZOBIEIMEIO L7 L L TOMEE & HIZ, KRR
LR EDORMD, 2 —T 4 7 DR L AT D AHEME S B E TE RV BB B O AR DMEREZ F1 D
WREFRETDZ ENaT—T 4 ITHMOBEMERIICIE R E 22, KBFFETlL, SFEE, Zro, iR L,
HAKFE (D0) HDHWITEK (D) ZHWKRRENAKOEM « IBEBHZH OGN THZ 2 HBYE L,
BRRICIE, B\, ALFRINCLERN T daA v MU T REY v a =T B (YSZ) v, KFEREAL
ROBRE, JERL B Z TS, 2D ORBHIEIR TO X ARIEIC TEAFR B — 1B S E i)
B2 el U S )RR O SR 2 3 Mk (TDS) 2 Fv T, BRERMRTHIE L, KRFNIEK
HREh 2 B3 5,

2. FEBRGE

FTH & BEHEAFE L 72JE S 0.5 mm DL YSZ (13% Y503 ¥l ZrO,(100), Dalian Keri Opt. Tech.) #i#4 % |
0.5x10x0.5mm® &% %1 0.2x 10 x 0.5mm* I L L TRkt & L7z, #kta D, W AR CIRE L (|
JE 0 873 K~1373 K. DpJ£/) : ~450 Torr), BE/KB AWM STt IS FFSEHT O SR BUEES A 5347
48 (ULVAC YLK-2S) # AW, E»rboEKk#ZEL G I A (D, HD, DO, HDO) @ TDS *
N7 My (FHRIEE 1K/s, ~1400 K) ZHIE L7z, i, AT ADFEEICIT, ¥ He U —27 2
7=

3. MR EBLE

1173 K, 1273 K B LWV 1373 K THEARREM L2 YSZ D Dy; D TDS A7 V&K 1R T, i
FIEHEMOE—27 & LCHRI, ZOIREIT 1200~1300K THh >7=, Dy IWFEEDORET, Kb ED=
ELTHFICRA O, BEEREVIEEBHENSZ N R g0 oTc, 723, 1173 K L0 HIRWEE
TO DIRFERENClE, MRS D, BIFBHENTHY TDS OEEBRMKLL T CTH-72, ZD D &ZD
ftio> 7 2 (HD, D,O, HDO) D ED#EREZ F & O T 21277, HEAKFITKFET A b DN ITKHE
KELTHHENTEY, ZTOWRITEMEFMED D VTKFOKRHEICE S TR Z ER o7,
1373 K Tik, KRBT ANRETHLDITK L, TALL FOIRE TIX, KAKDBELRSTND,
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INHOH SN EAKEOREL R L,
D% YSZ AN IR L T HAKFE R E R
U, KEOWRME L L=, KBEEMEDT
LA ay e, Pba=T7 ~OKER
i B STk & & HICK 31T, YSZ ~duk
RUIREIL, WRRE L L HICEFT5. %
B OIR R Z R U, ERFEAOEIZ+0.9
eV Tholz, ZORRIE, LV IKREK T
fn YSZ Zffio THIE SNz b U F U7 LEBRO
FERE—H LW, 7272, KBEMRE DR
BRI, ORI LR X oIT, Vv
=7 Oftdh R, ERREREH D WITKFEIE D
bFFE OKFEH A, KHER) ITL-oTEL
BHETH D,

—_
TN

= 110

o EHydrogen molecule

© 6 (3.4)

e 810" | Water vapor molecule

— (19, 20)

2 610°}

o

E

— 410°}

o

3]

& 210°}

=

Q

(@] 0 1 1

= 1173 1273 1373

Loading temperature (K)

410" —r .
—~35 102 | Conditions 3 |
0 b X 1173K,300torr,1h o
< 310°F [O1273K,300torr,1h P
=2 »| ©O1373K 300torr, 1h o °
QO 25107 F g e b
S 5107| © &
@ " &
0
81.510 ;
12
@ 110
~ 11
A~ 510
0 5
500 1000 1500
Temperature (K)
M1 YSZ o OEAKKIHANT ML

X 2 TDS KD YSZ 726 O A AT

4. £

10° —_——————
ON 10-4 i XX% / |
N
° 10° ° -
S .
2 10°t * ]
© °
e -7 || ® Hashizume (c-ZrO, in DT)

10" H- vamanaka (m-Zr0, in H,0) o
L X Park (t-ZrO, in H,)

@ Present data (c-YSZ in D)
10'8 1 1 1 1 1
04 06 08 1 12 14 16

HKIEFZEE 1173, 1273, 1273K

1000/T (1/K)

3 U a=7FoKEREE

HiGah YSZ F O miR COEKFEMESL TDS EFRIZ X D JIE L7c, T ORISR, MR IR &
EHITHWAR L, WA OWEREE 2R L-, 2 OWREERFEMET, BEOKE CRIE SN T i YSZ
DA LB LTEY ., BHADELENLDThoT-, 5%, L EtiEoMaFHa—T 7
MEIOBRFE D=0z, TDS %2 FIH L= FEFIH, HLFEMFEZED D,

5. WFZEiHAk

NURMHET « MBI — REEE RFE/E - s, LR, n s

TURISTIBE = ) S
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26 FP-32

Bty - ELYRBRICE T SIBRARMEAE XV EDOREN
~BFELVESMF D OEERSITHF S lEBE L~

NRT Z ENBe), Ak 2, Zem Foak, (A Jn—, & B, AT d

1. B®
AR X R BRI EBE N D 7o O | RFMBZE O AR EE & L CTHiff S Tn
D, WAMBIAHT IR, BA A LR A OEENKRELSERY ol LEH LR ¥
—IIBGA A DIF O BRE, 2O, wAMBEYTOREA A SRMOEBGERE X, A
FUEHARTELIREL D, BB LORRA 4 SRMOEBGRE R IX, —®IT &M URT
DTN X—IKGFT D720, B OFEESC = 3L ¥ — CiOTﬁM¢5O;@K /4B
U%mbﬁ%@i*w¥~x&7%wﬁmwﬁ%ﬁ%ﬁL%wT\%&4ﬁ/ﬁkmmﬁﬁﬁg
eSSBS R BB - IR I I TR EZH O MNICTH 2 ENEETH D, AT, BEAlE
WERREM T D CeO, ZxtBREL TH M E FBMEI(TEM)AZ W= E N B LU A IniEss %
AW EAL B ZIT-o TS, B RFEEAS VRN EH A G DY, IR VR FOIXLX
HUBEICH T2 RIEH, A4V ERETOICEHUBEEZBE T2 HEAA RSN RIT T8
FARTET, AEEL, SATB Y TH D Ce0, x5t & L, BB LA 4o oli U LEE
eSO T e 72 E S BIR D 5 T TOMB KK « iEBEEZA NI T2 2 ML
LTze D72, HimME 7 (TEM) 2 AW CIES W %L X —#HOE T2 BE L7222 5
A RIaOTER - EZE%2 (208 BE LT, I 62, BRI — 7 OB L E M
IZOWT HFRNT,

2. EEBRAE

CeO, IR (LT AZ U » 738 M 99.99 %) % —#hlER LOFKEMEL, <L v MR
W U7z, Z4% 1873 K O RS HIC T, 12 RFfAIBERS L 7o, BERSIRZ B 3 mm O FACHKRIZFT K
= BEBRAFBS 2 it L 7% Ar A A U AFEETRIC K0 TEM B ERUR 2 ERL L 72, 2 0k 2 TEM
MIZFA L, BN ZITWRRN O RN KO - lEEEZ 2035 B8R L, JUNKRY
FBBRMIEATII S0 o & —d5 L ORI 748 i R 3R - B & o & — D TEM % H T, 80 — 3000 keV
DOIFIENT RV —DFEA 2 W U, BEHEEIL, 1250 keV L FOGAIZITER L L, 1500 35
FTN3000 keV DIGAITIX, FIRG 1073 K O & Uiz, MEEFHFABEEIL1.0X10% - 3.1
X10% e /m’s. BRMRHRFRIL 30 min & L7z, THETIZHE SN TS 0 B Ce 4’21‘/0)
ZCEH L= X —%2EETDH L. 1250 keV LA FOEBEFRRE TIL 0 A 4 N DOBHERAICIT
X H &4, 1300 keV LA LR %ﬁﬁfiokiv%dﬁMﬁV/ib%ﬁbﬁ%ﬁ%téﬂé
X512, 1250 keV LA FOETHEHT X 0 R S iz iahiv— 7 OB ENE 2 B2 BE Len
Jﬁfﬁﬁéi H}%ﬁ/\fx_o

. BWRBLUER

llimomv A I LTS VANV — 7 DR ZE B O — il 2 7R 3, Bafr/L— 7 13580

BHARTANEENRADH) 20 nm D RESETHIZEL TS, 1250 keV LU TFOE S TiX, O A
FATORFCEH B ERFRENDT-0 . 207/ — 713 Yasunaga HOCL-> THRESIL TS
{111} % R &5 O A4 NS & o TRERR SN DRE 1 FIRERA L — 7 ThHEB 2 biD, Thbb,
1250 keV LA F OB AR TICB W TSN DOBE B AA U #& - BIR T MEA T2 EICLVES SIS
L — @I ChHLEZ LD,
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0 A A U KEABRIERNLL— T 12D W T, BLF O RIS K0 REXE &2 T LT, iV — 713,
EEE D ASHREIER] t O~ & Ol L TlRET 5 L E L.l x Ofisfin/L— FEAORR 21k
DHSMEEFHME L7Z, ZORSE, SEIXE = X —IEKFE L TELLTEY, 500 keV LA ED
TRAF—TIFN 0.3 O—EELRLTVDEN, LI FOZ R/ —TILSEITEFTR/LF
—DIKTFIZES TH L, 140 keV LLF THWBA T2 Z L B¥bno2@, #idma iz Lo
ML 0 STEITZEILOBENENH3ICmWIEAIZIEs= 1 720 ZZALOBENE MRV A
362 1/3 &5 Z ENHEINTNAH D, 1250 keV u?@ﬁ%%ﬁffﬁ/ﬁkém&ﬁamv— [
0 ALY DRIZE S THEREIND EEZONDTZD, B RN —TKFT D 5§ EOELIE, 0

ZHOBENENE =RV F—IEKGF L TEN L TNDE Z EERE L TND, a-ALO, 72 EDREL
W CITE RN R k> THEXMORERENEL L, %m:ﬁéo THRAMaOILH T S 4
L2 ENRHEINTWD, Thbb, SENE TR —IKFET DRERIL, 140—500 keV @
TRV —IIZEBNT, BEFEIZE > TOELOBHENE KL TNDHZ LA REBELTND,

2 1%, 200 keV DOFE 1S TSN IZ BV — 7 % BIE CHREFL7ZBE OB 22 7R L TD,
O A A HEAL/L—713 283 - 333 K DI FEHL PRI PRI T2 LM - THIR T D2 LD o o7, ZOREFRIE
O AA UL — T N OIRFEI TRV AR L E CTHDHIEERLUTND, S FE (IR FE L 4R R
Lz, IHERE DT L =0 27 ay M BT HE M D5 | I & AE 3 2 SR M OB ihiE M
b= ¥ —ZH HT 5L, 0.9550.06 eV EREACTE7=, X 31TRTHENL— 713 O A A A& T[T
N—TEEZLNLTD EDOIEIL O ZALOBEIBIOEHAEAIZLLbDEE ZBILD, LLRD D,
FEML7Z O Z2ALOBENEME L 3L —1%, HAED 0.46 - 0.58 eVOLITHRR>TB, HEfiL—7
IAE BN ORIE IZ OV TL, EARDRFIBLETHD,

(1) K. Yasunaga, K. Yasuda, S. Matsumura, T. Sonoda, Nucl. Instrum. Meth. B 266 (2008) 2877.

(2) K. Shiiyama, T. Yamamoto, T. Takahashi, A. Guglielmetti, A. Chartier, K. Yasuda, S. Matsumura,
K. Yasunaga, C. Meis, Nucl. Instrum. Meth. B 268 (2010) 2980.

(3) S.Takaki, T. Yamamoto, M. Kutsuwada, K.Yasuda, S. Matsumura, Mater. Res. Soc. Symp. Proc.
'Advances in Materials for Nuclear Energy' 1514 (2013) 93.

(4) ZJi A JUNKRZEME 7R (2015).
(5) M. Kiritani et al.: J. Phys. Soc. Japan 35 (1973) 6.

60sec  180sec  BOO'sec . 8400sec 19200 sec

sec  37200sec 38400 sec |

1. ZEF 200 keV OB IR CIE RS-0 2. 200 keV T T RSN — 7 2 =R
L—FORREXE, EFHHREE 161X 10% TIRFFLIZBR DU EZE ), @?51{%%5#%](*9)0
e-/m?’s,
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26 FP-S1
- FEREIGRL C O JE D FREN AT

JR R RFRF G LA 5ERt s

H A & R

BRlA 77 A~% R+ 25 ECTEERS—L LT, 47%BM UIADHIE, EEENET 65, FRig,
P CADHIENCE L CiX, 77 X<k LR A il - HiE 2 L8R H Y, ZDHDFE
BCHR IR, HD WL, 2 b—ya VBEAIITDR TS, BEIC, SREOREEUL TEHK
RIS« TRALX— O LA SLREE A B S TR Y . ZOELE Blob EFrENLD) LT T X~
LW & O AAERICB W T2 B84 L3R S T D,

AARICE T AT T, 2ECH ~ ORIGENT OB D@ L T 5, (REN 2R ERBES RN
B R FED GAMA 10 235 0, ~U B AFIENL TiX LD <° Heliotron J, F£7=, ST, »25WE, k&
~ 7 BIFAL T, JUMNKRFO QUEST 28 5, Z D L 912, BAREATRE L T 5 F2BREEE O ELAL O
P HR — Lo TR, 22T, AFESOBMIL, BAROFSZEN L, LR EFEOBSENLD
B CERBIICBII SN TV D=3 VX — CIADFE (=L ¥— - b7l LiADKR) om E4
TJE T T A< GO FHIRE R A flATE b2 K ) ETRATH D,

AR OAMEY, S ETOFEROE L, £, BHFOILTKOHFE ROBEN, 5% OELTE
W OFH 72 & &S INF Cigam L. GLIRHZUIXI T 2B A2 RO 5 Z L idh b, EEEEOFEANN2 R T
XH 20, 20 3FEOMICEEE M CORLFTIFIE O M A OZHAN T | BEGEUL & OBHEMED /X 1k T
TR AR EERETE TRYIZE o LT D,

PAFIE, AEERME LIRS OBHRTH 5,

TRy —T T RGO AR (3457) 1%, ISR IFEFERTO HP - (https://storage.iii.kyushu-
u.ac.jp/public/OWVQAAhIXQ4ANKABuUpJLJpmPIgPTpNUeHiaozvj7SfV9) (Z/3 A U — R CTHad L T
%o ZMEBEBLSNCIEREZGTVHIE, I (AR, BREBOSHEYE, &L <L, IrNEEAX+FF
RIS ST,

e AR E 7 a7 T A
AR : FR 2792 A 13 0 (@)
=5 - UMK )54 58T QUEST #R 2 F &=
REH - WEER (LBRFPRFFELFERE, HEHER)
PGS A« X7 T
FEw 7 A BILEICBT D L ELR R ORI & SR O E R &

PA=E/ AN

13 : 00—13 : 15 Opening address by Nobuhiro Nishino (Hiroshima Univ.)

Chair: Nobuhiro Nishino (Hiroshima Univ.)

13:15—14: 15 ~VU /L « EHRAEE BT 2 8EREMRNT by Hirohiko Tanaka (NIFS)
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14:15—14:20 (Coffee Break)

14:20—15:20 ~VU A b EEEICBT 58S by Shinsuke Ohshima (Kyoto University)
15:20—15:25 (Coffee Break)

15:25—15:55 HEMHBE T 7 Ao D V2777 47 VA Y XLDBJE  (Development of
Tomography Algorithms for a Linear Cylindrical Plasma) by K% # (Kyushu University)
15:55—16:25 EMT T A~IEE PANTA IZBITDH N ET T T 4=V AT LMW 7 A~iFE L
Tk — L U RAE— NEEMNT by &ifE Z2% (Kyushu University)

15:25—16 : 55 ZF v U FIAVLERDSNICEDEMRT T XA~D M7 T 7 4 — L ELEFERENT
(Tomography and Turbulence Characterization Observed with Multi-channel and Multi-wavelength Spectroscopic
System in Linear Cylindrical Plasma) by ##% #u#k (Kyushu University)

16 : 55—17 : 00 Closing Address by Nobuhiro Nishino (Hiroshima Univ.)

ZINE 4
vy (S URKRBE « TSIERE - HEBHR)
RE B UK - =L — B TARZERT - BhZ0
A 2E (S FEOsEeT - 3120
B e OuRISH 5 5ERT - FFEE
REF A OIS ASERT - B+
mif ZE LRSI gERT - &+
e/ N SN DAL 20 o I

HEMEIL, TDLBY,
1. H. Tanaka
LHD (287 2HFFERUR & ERRR DL DWW T
Plasma Blob #ii%, FE#fih~7" 7 X< d o KIWwEIZ B L TOREFER
GAMMA 10 (Z351F D HFZERR & PRI
a7 —x oy PEEABICEE T 5 K
2. S. Ohshima
Heliotron JIZd3!¥ % R IHEEAHREIC B9~ D AF7E3E
WRREAL AR 22 2 ] U725 BT IC B9~ D 8k
3. S. Ohno
BEHREEE PANTA 77 A~ %&XR L L NE7 T 7 ¢ —fRETOBRICBE T 2563
4. H. Takahashi
B E PANTA 77 X~ OFEIENT (FI12, A7 MVENT, B— FEHT) ICBIT 2 %%
5. K. Taketsugi
ERREEE PANTA 77 X~ ® Arl, Arll OFEHIREE 54 & FREh A7 R UICBI3 5383k

THE L L, EAREE GAMMA 10 & PANTA, BRik#3EE LHD, Heliotrond ORENRH o 72, &K%
Iz, 3@%’?0)?&%6“%_%ﬁb\f:f:b\f:ﬁﬁﬁﬁﬁ%ﬁn%,% T, QUEST BAfRFH IZR< W= LET,
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26 FP-S2
FEF A EES
FBI2E b F V77 A<iEaa— FtRR
12th Burning Plasma Simulation Initiative (BPSI) Meeting

MAREKE HEXZE BILE
FTNEE AN EREZR

1. MMRESOHERR

JEHITFERIFERTIC B O T, 2R E THRERT & ORFEFZIC L W IREEY 7 A~ iia
a— FEEZREEIE, W#HE2ifToTC&2 (Fur Y27 FOFEMIT
http://bpsi.nucleng.kyoto-u.ac.jp/BPSI/), Z D7 vy =7 NI, B BB 7 A~<#ia
a— NIZ X DHEER EBEE XA T 2 7 2ADNT) (2004~2006), A =— RiZk 5 ITER
7GR DY NF A= AMYBIC T DR AP (2007~2010), [ hEA FATT K~
DOIEFEGHIME Y I 2 b — a3 v a— ROB% ] (2008~2012)%1= X S TEASHINC KR S
T& T, FFEEOETRDLF L OWREE OIEBIFHE 2 5 o0 TR MG S 2 BEME L TV
B, AEITH 12 A L ARDH5, 2055, 52 F~5 8 B & §iEE 11 FILR /05
FFOFERBFGES & LTI L CX REEN D D, BiFELD g X7 T R~ Icxt8 %
R L, 0T T X~ & DT T A~ MHD H% L kSIS, &= L% —KT & G
&, INEL - AR & RIFFERSEOESHROMEETT V7B RTDO Y I ab—
3 NZONWT, GEMRT e —F L L GEmL LT TH D,

2. BHfERK
PAMEERE : 2014 412 A 11 H (k) — 12 H (&)
BAMEIGAT © JUNKRZFIS IR 0T 2 BER k=
AR - 23 1. INEH: 29 4

3. MAELE=DOAHNRE

caAZNTTZAIIBTLHEAGRROMEET ) TBIPEDT Ialb—2a 0O
ERICOWTHEmT DO EES % 2 HMIZ 7> TRAfE L7, i#iE 23 tF 2 NAEBIN 5y
T HE M~ IEGvIalb—var 8k, ~VALEHE (ObRAEYIalb—Tay
3, ELIE 214) . SOLIZ A N—% 4, B 6 ThH o7z, ENHE D E ORI RS
ThHhoT-, AENISOLF A N—2BHEDOY v a U EERTHZENTE, 2, &
W sh, GEIERIE. MR &7 T A~ EBRG DY I a b —a L ORME L  DHk
W IEDOREK L HE < | BIEWVIFENE ZB0Ra L T2 2 8 TE I, AKELIEEID
Sl EBEETMEE L DEEN 10 EH Y YO FOXETFEROEA TS Z L&
FIGftid 7o, BLRICRENAE 28 L T35,

MEEDOFEIC SOLF A N—Ft v a 2R LE, BELD SOL 77 X~ Olfidk
(2 ER B R IR AR I B B B RN A & tn, ZEMISEI A B O K A F TRy AN
B A/ NS L, RIEET L EERRTET LVOELDES Z L NG STz, Ak
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W LHD Bl 7T X~ 2b—3 g U OWNTEA N—FREEIC L D OE O DN
Ehiz, KM v#FFREELET U RV I 2L —a VEFRER RS, ¥
> FIE R R 2 R H DR O\ TR A STz,

IR T T ARBHRO VI 2L —v a3 IO T L Ea—F@EN e S iz, ik
EETORDBNEHMET 2 2 ENEE T, TOEMERE, MHD REZEMELEORAICL D
BB, Frcits & Wi, BIGEENC L2 EBE FOBRRICOVWTHIRH 72, F724
B BILE oA O hot tail (IZ X D RKEBFAMKICONTHRESI N, KB IX
JT60-SA DEHLET T U FIZHOWT, Hifda— FEHWEFRIOERN WS I, HEHED
HIIfAE = — K TOTAL ~DE U FET /L L @RV F—hi 2R OE A2 L0 Rl
% & sawtooth HlHIZ DWTENE IR 72 S, A0 HIEHA 22— K TOPICS (2%5T
H e A FOURMEE R TS FY 7 MEBGR 2 — FEMEAGDE T b A ZLElfs % aT
M3 2E D MAERET VEEAN LT ERIZOWTHE SN, RN LIFEA~Y Bz
7T A OREKET N E AN Y R 2 b— a3 T, BRK - JENAEBFRO B A
TV UREEZTEH LRI S 72 O TSR EEE S WS S, s LIET Tk
T A OHAEAEMRIZE D RF > — 2D NA WA STz, I HIE TASK 22— R
JRIZ DWW TR EVRNT 2 TP s S vz,

Bk EET UL L a— RIZEY AD 2 & T, DRVEEECTEREFHIT 280 A
WEZ L 2 ENTWNWD, BHITY ¥ wiEdEm = — N GKV-X I[Z X 54 4 REARLAZE
EMFREEREZET VL L, LHD OEEMETICE Y Aviz, #5111 LHD RN %2
TASK3D-a = — RZHWH Z L2 X V@Rl 7 —F =2 Epkdb KOk R 7 —1
TEMELT 572, LHD IZOWTIEA B, a0 X0 & NBINEAY T X~ O #E R <
niz,

FEREFFE bR A LT D, KIED B ITEEM B O K FBWREIZ DN TOFH —FHH T I 2 L
— g URERDHE STz, Lesur > B ITIEB FRIFIERRIEME: & TR FERIEME 2 A S R
C i TRV F R A BREN R EME IR N D | BB E 7R B T O N E R R 2OV
TN S iz, e, Er AR, IREED ST IR SEERIEE 2\ T b 2R 7 fLTT S E 3
B S, BRE 77 X~ OREEREL & BT 723 T2 5 2 L s S iz,

SRAEFE S H 13 B 2 JUN R TRIfE T 2 ~ S ge pr L R FE IS5 3 5
&, WRARRAEEEL TV ZEEBEL, L,

4. MAEET v T T A
(18 min talk+7 min discuss or 15min talk+5min discuss)

12 A 11 H(K)
9:00- 9:10 FU®IC il (50R)
(EE : KK)
9:10- 9:35 G 1-1 R (oK)
On the Fluid Modeling of Neutral Particle Transport in a SOL Plasma
9:35-10:00  ##H 1-2 R (ZRaE bt

Transport Modeling of Peripheral Plasma in the Open/Closed LHD Divertor Configuraionts
10:00 - 10:25  FEfH 1-3 K (BER)

Kinetic Modeling of Classical and Neo-Classical Transport for High-Z impurities in Fusion
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SOL/Divertor Plasmas using Binary Collision Method
10:25-10:45 G 1-4 HAL (BRK)

Simulation Study of SOL-Divertor Plasmas Using a Virtual Divertor Model
10:45-11:00 K&
(FEE: - {THT)

11:00-11:25  3#3 1-5 BHH (RS T
How to Apply a Turbulent Transport Model Based on a Gyrokinetic Simulation for Helical
Plasmas

11:25-11:50  3# 1-6 BB (K)

Integrated Transport Simulation of High Ti LHD Plasmas by TASK3D

11:50 - 12:50 YR

(FE& : f@ L)

12:50 - 13:15 0 2-1 R (R U1 HE)
Integrated Simulation with the Fast lon Fokker-Planck Modeling Consistent with the
Evolving Equilibrium in Tokamaks

13:15-13:40 3 2-2 B (ST IHAE)

Fokker-Planck Simulation of the Runaway Electron Generation in Tokamak Disruption
13:40 - 14:05 i 2-3 Lesur (JLK)

Hybrid, Reduced Modeling of Coupled Energetic-Particle Modes
14:05-14:30  :#7H 2-4 e e R (JLK)

Formation Mechanism of Steep Wave Front in Magnetized Plasmas
14:30 - 14:45 K
(& - #f L)
14:45-15:10  ##fH 2-5 (AT IHEA)
Integrated Modeling of JT-60SA Plasma Operation Scenarios with Model Validation and

Verification
15:10 - 15:35  :#JiH 2-6 R (JLK)
Simulation Study of Hysteresis in the Flux-Gradient Relation Responding to a Source
Modulation
15:35-16:00 G 2-7 T8 (JLTEK)
Radio-Frequency Sheath-Plasma Interactions in a Semi-Realistic Tokamak Model
16:00 — 16:20 G 2-8 I (R)

NBI Heating Analysis in Multi-lon Species Plasma in LHD
16:20-16:35 K
(& B H)

16:35-17:00  ## 5 2-9 W (T FIHEAE)
Development of L-H Transition Simulation Framework with BOUT++ Code
17:00-17:25  Gf{# 2-10 Ki#E (LK)

Isotope Effect of Hydrogen in Tungsten

17:25-17:45 G 2-11 &S (LK)
Analysis of lon-Temperature-Gradient Instabilities by Using a Gyro-Fluid Model in
Cylindrical Plasmas

17:45 #a

19:30-22:00 A

12 A 12 B (&)
9:00- 9:05 HEE
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(e« FEAY)
9:05- 9:30 i 3-1 R (4R)
Simulation on Tungsten Transport and Sawtooth Control in Tokamak Plasmas with TOTAL Code
9:30- 9:55 i 3-2 AL (T T 1H5HE)
Toroidal Rotation Modeling with the 3D Non-Local Drift-Kinetic Code and Boundary
Models for JT-60U Analyses and Predictive Simulations
9:55-10:20 7 3-3 NE (LK)
Density Peaking by Parallel Flow Shear Driven Instability
10:20-10:35 K
(2= )]
10:35-11:00  :#7H 3-5 KA (JF T 1H4E%)
Progress on Disruption Research by Integrated Simulation
11:00-11:25  F§fH 3-6 il (50R)
Progress of Integrated Modeling Code TASK
11:25-11:50  ### 3-7 B (R G HIT)
Statistical Approach for Predicting Energy Transport in LHD Plasmas Based on the
TASK3D-a Analyses Database

11:50-12:00 &9 RA

12:00 - 13:00 BAKRA

13:00-17:00 KE@MAETINX—T 3 —T LY T I T AL -5
17:00 #&

5. 2MFY X b

K4 A K4 A
AR - TRk HARF HORHT eIk
Y EYREEin] - TRk ENEEN—y BERE T
RIS - TRk g [ B SNy YN
AT 5 - TRk Fe a3 WAL
WA= - TRk KiE—A WAL
ENE S - TRk A B2 WAL
RAHE R - TRk /B WNEE 2
R RS ISR e e RE WAL
B AR — R ISRl A€ H R WAL
B ILHEZ CACISEEOH Maxime Lesur AW NTRVAL
fEl KT TR HEEL R B JURHKEE T
M EESE KT (B JURHEE T
IIuE72Yve HKT AR b JURHKEE T
TEPIG 2 JUMN TFERF e K AL JURHKEE T
TR L P K T
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26 FP-S3

HART TH#EY —X T — T EEE S

JSHAIEEIERT s

Hi) & 55
AA, TE., BEOSINEZFINS T T A< G L ONELT S B9 2 EBRE 72 iF 58

N—TPRE I, FIC—E—-RIca L, BEERT2HE2 T T05, ﬁ%%%%&

IZZDBRRESERLZHENSL L, IEFEORRYBEOERIZKE S HFLS LTS, —H#

ELTYU Iy Mo 7 UREBIROHRNET 5D,

2O XD RIEENIZIBNT, ISH NIRRT &2 b & LTEE 7 v — T DA IR D T
<L 204 FEEDSRITNM R FFEF ¥ XA TIThbh b F L o T,
AWFFREESO B, ZOEBEEFHEZIE L. 2o, ISHIERZERT O L RIRFFE O

TR E S RET D ETICHIFMETT OV —F vy TRn—Bib i, 7V7 KO

RTCTT T A=t e85 2F 2B ET5,

WFFEEE 2 DB R

BA{EE H EF : 2014. 06. 10-2014. 06. 13

BRMESGAT: UM KRS HEEF v 78X C—Cube IF KA —L
WRHIITEZE R filE &

URL: http://aptwg2014.nifs. ac. jp

FHEOEIT
7T AN OIBRREEE 1 4 OFTE X, L. Zouw) fREIZHIT LT,

MAERDE LD

AREFREREIE

D) #FEEE, 7V ) —aE

“What can we learn from basic experiment?”, Fujisawa (RIAM, Kyushu)
“What determines the SOL layer width?”, L. Wang (ASIPP)

“Particle transport and fueling effect on ELMs”, X. L. Zou (CEA)

2) T~ T N— TR

A. Turbulence suppression and transport barrier formation

Effect of magnetic topology on MHD activity and transport
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B. Non-diffusive contribution of momentum and particle transport
C. Non-local transport and turbulence spreading and coupling

D. Energetic particles and instability

3) RAX—kv a3

4) FHFFRE 7 +— T b

5) ¥~V —

DX TIThN %,

£330 sumnary [ UL FICAB SN TWADOTHEMIZZ b AR ENT- L,
K. Ida, J. M. Kwon, M. Leconte, W. H. Ko, S. Inagaki, Y. Todo, Y. Kosuga

"The 4th Asia-Pacific Transport Working Group (APTWG) Meeting”

Nuclear Fusion (2015) vol.55 017001

AENEAID T Poster PrizeZ3ix (T Hav, HHEEMERA DOREZBICK HKRFEICLD
Ms. Dongmei Fan

Dalian University of Technology, China

BZE LT,

Total 59
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26 % 4-1

AlGaN RE{LW B O FEARMER L & dk R OB Zi#T
Study on Thermodynamics of Crystal Growth and Fabrication of AIN Nitride Substrates

& ZEFAN (CERFERER TEOER)
FTATEE N« ZIFE OUNRSE IS 5E0r5ERT)

EI=g=N
H 5

AL HEIR D AIN R OER A BFFE I RS R S — v % & o v LR 1E (MOVPE E) |
NA R A RRARRE (HVPE 1£) 12 X 5 iR FRFEOHEME, F i E OKBEZ AL 35,
MM B E N2 T S A ZA~OIERB & LT, B #hiE s KOV LED (Light Emitting Diode) % 7]
U REAN RN ZF T b s, ORI TIX AlGaN RSO ZHIET 5 Z & T, HAR
DI TR, AT MVIEOTEE S FIRERFOCRHENHIFRF C&E %, E72. AIN, GaN [ZR AR
T —F A ZAAMELE LCHISHATRETH 0 | B O BRI, B ORI E T 58T
b2, AW TIT Y EAE MM B O m R E - SRR bICmT T, 1) BRED 7 7y MNERBIZXK

DA, 2) RERIFE O - mﬁmgz DEFEATV, T D OEFNC K 512 K D MEALHIH
AN RN OB R A I B ST 5,

SR 1

AWFFETIE, AlGaN iR O it B AL - AL 2 o B9 & LT %, Fofé B B D RIS AT T
ASLFRF AT TITEENR E LTRIET 2 AIN B s om Btz B, [ZERFICB T 505
WZ] HVPE EICBIT 5D AIN 7> 7 L— h £ AIN & 21 U725 NIRRT 2170, =S
(ST A5 E (HCI JLOY Hpy NHg XN Hp) | RIRE) ok bigst a5 5. wIic, Mk v1g
ST HEEH 2 TR EER 21TV AIN/a-ALO; 7 > 7 L — b 1B 5, [Ju R B9 A ]
SHERFISTHER L7 AIN/o-ALO; 7 7 L— R &M & LT, UM KRBTV TREIR Y — A%
2 Ak £ (Solid Source Solution Growth; 3SG) 7412 & W AIN JEE %2 #EfE 9% , 3SG-AIN(0001) 3k & Tl
FREHIZHRNI N RIS 2B L, EOBEENMET 5 Z LW ST D

W ZEfE s S OEPRIR I

[ ZFE KRBT AR - dEERP] X112 HVPE 12 X 0 /B8 L 72 AIN/a-AlLO; 7 o 7 L
— FONFEEREEZ/RT, YR L7 AIN OBEIL lum TH 5, X BEH (XRD) kv Eoni-
AIN/a-AlLO; 7 > 7 L— N DIIEIIT 21T > Tcs BIRDANT LD . XRD-FWHM & 575 £ O FHES
U T TRB I T D

i — Uwist (1)

Ng = . N
ST 4. 35|bc? E™ 4 350b,2
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ZZ T, Ns. NelZENZEN LR AMEAL, FIREELOE
WAL T D, o B L Danwist [T ZNENT IV M
VAR RMETH D, be. baldZHLZH[0001]35 L 08 1/3
[11-203—H =27 L THDH, XIZE D, AFE

BRI X ERLL 7= AIN/o-ALO; 7> 7 L— MZBIT 5
BHEAMENL, IR X EhEh~10", ~10°cm?  ®1 AIN/a-ALO; 5> 7 L — h D2
ERED b, HH,

[JUNRFIZ T DIFZERE R - ERRIRI] R P TR S 7z AINIo-ALO; 7~ 7 L — h & H
WT AIN-3SG Rk EZ1T- 7, X 212853 b= it Wi A8 1 BEMSE (Cross-SEM) 4% 1~d, 7
7L — ML ERRE R LTV DR MBI S LD, L, 20K G, (V)R FH
TholeT 7 b— MPRERBINC Ty T 7S5 Z & T L—2 —RIZER, TDHK, EN
BtE L7 BB A bND, ZHUTROBERIZE S EEBLEIND ; OREMIIET 71— RS Al @RI
B TR FIE (1250°C) MR TANL Ay 7 B E 5, QEFFE (LisN) 206 N 2 (k)
ST D Al—N PEEIFIIC 72 5 Z & THREDBMT 2, BUR TIZREED a-Al,05 it b EH R
LTHED AINT T L— FOIRBIFTE RN, FIIO AL SNy 7 20T 5 08 S 5,

B2 3SG {EIZ LV piR S BRI OB SEM BE, W (¥ > 7 27 ) [ ohL
E%i—\“a—o

LFEFIH T2 L. =i AIN R A ERL L. S B CTh 5 AlGaN JRa O mEifhE
'ﬂ%ﬁ@@&m%% ZTT 5,

XN
[1] Y. Taniyasu, M. Kasu, T. Makimoto: J. Cryst. Growth 298 (2007) 310.
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26 ¥ 4-2
(4 FNAY FXvy THEOEE &M

HEEE  CANFHRAMEEXRFARRES (26 5 4-2)
BAZMIRESE 161 ZES (5 90 AHARR)

HEF: 201543 A58 (K) 13:00 - 17:20
BT AMKE FEST R FANDREBRHR—IL

1. 13:00~13:05
FRRE WKREH BE *

2. 13: 05~13:50

RREIKXYE 8l¥E #HERAe B

23 E& D HPE & )

ZEMFEERDHPE U\ K54 FRHERE) BRI OVTEIERT 5, [MHEREOEEDT=H
2. HPE ZDORICHES S UBNZREMERERT, ol I KRS FZEHIELZFHL
ULNHVPE BARZD B AFBITHEREZTRL. FILLWERSFERAWLFH LW HPE EICKY ., X
AIRETH 1= AINB KU InN @ HVPE iEMNalEEiE 2 & &b R B, A T, DNV EREE

ETIEREA#L WL AIGN B LY InGaN=TREDER-SREDREEEHICOVTELERT %,

3. 13:50~14:35
KBrRKZE BEH B iR
ZEYFEREBRFERZDTILF Ry — )LEE T

ZeMFBREREICH T D RGO OHEOFEL LT, ERICEAOMIZMHELERT
E4 XL viLEAmBE (EL0) Z2FRIELIHMMANAEUTH S, 25 LEHELGEBETHE
REDHEFAERELREREBEICERT IRAEANEREINTN DS, BEGEEEIZRST
HEENMEEMERAT S LT X REH (XRD) OB AEFEME (TEM) FICRRI N DHEIFE
FBHTENTH D, HFICHIEILE., REEBAEOEMICEL TS, REETIERBME
L EEE LT HEHEMEFTY—ILTHD X &<« - aEE (XRWD) ZAWN-Z{LYEEKED
BEBITEREZHEBNT 5,

4. 14:35~15:20

RL—UT7IRKE RF#HEe #R

EEBFEMBEICLSELYEROMMBERT FRINECETRASN) |

R - MAOEEFEZD—DOTHLIEEEFEME SN EZOBMELREDESERENT
5. BEDSEMDFEZRICITEHMMOBME SN DS ZREF (SB) HHWIERAHREEF BSE) %
ﬁb\é SEEBSED EL LDEFE ENRHBTHBRIT ANCE>TRIAVFSAMHELG LT
BY. BonBFEHRLELG - T S, FEARBRLEREREAMEHICL T, NEMMEELS
t@é:ol-ﬁﬂﬁf%%ﬁb\%;%;m?%n S bITEFHREARELRT (EBSD) ZEDAIZDONLTE
pUISQNZAI
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5. 15:35~16:20

AMKE HPEE HEHR

e EEFEMBEICKLSSiIHERDORR LRI = RITEERET]
BEEEFHEMRELEFRIMNEI S 74— 2AEHED LT, DU VEBREBICEA
LI-@8RAMEAOERSLIUVUZRTEBEFTHONCT D LM, BRERIIH T HERAETE
ETIVEREL,

6. 16:20~16:35

AMKE KHEMEL EHR

NEEEMAENTHRE L 2 — DN
AMKREFBEMBRARE 2 —(&, 1976 FICERAXRFARS BSEEFEMEREE] &L
THRL. U 40 Fa< IThk> TRERBEMBNXFEERE I SARFARREL T, R
F - DFLANILOBFBE - K - BEREBOBEMBENEORT -BWR. 7/ 70/00—,
BIZ BE-IXLY— T/ (A 00—FOKRRGDFEORRICEML TE-. KEE
TIEEOIDRAR[EEIZTE 2 —DRBNZEITI.

7. 16:35~17:20
AMKE REML EHR
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Numerical and Experimental Strategies for Tidal Turbine Farms Design (Keynote Invited Lecture)
Pierre Ferrant (Director, LHEEA Lab, Ecole Centrale de Nantes, France)
The state of the art of the research and development activities in France on utilization of tidal current energy
is outlined. Major research projects in LHEEA Lab on marine renewable energy development are introduced,
including WEC, floating wind turbine, fixed wind turbine, and tidal turbine farm. Newly obtained research
results on numerical modeling, model tests and full scale testing are presented.

Offshore Wind Energy in the US and the Development of new IEC Design Standards for Offshore Wind
Turbines (Keynote Invited Lecture)
James Manwell (Director, Wind Energy Center, University of Massachusetts, USA)
In this presentation, the IEC 61400-3 standard is explained, which is a set of design requirements for
offshore wind turbines, to ensure that wind turbines are appropriately engineered against damage from hazards
within the planned lifetime. Related researches on offshore wind turbine in USA are also introduced.

Downwind Rotor Technologies for Offshore Wind Turbines
Shigeo Yoshida (Kyushu University, Japan)
Downwind rotor is shown to be promising for floating offshore wind turbines. Researches on wind-rotor
alignment, floating wind turbine stability, tower shadow modeling, and noise/infrasound measurement have
been carried out and recently obtained results are presented.
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Numerical Simulations of Offshore Wind Turbine Wake Flows and its Supported Floating Platform
Flows
Decheng Wan (Shanghai Jiao Tong University, China)
An in-house CFD solver, naoe-FOAM —SJTU 1.0, for viscous wake flows around offshore wind turbine is
developed. Major techniques on the solve are explained including: (1) Decoupled pressure field and velocity
field by PISO (pressure-implicit split-operator); (2) Free surface by level set; (3) Complex shape of ship hull
is handled by overset grid technique; (4) RANS turbulent model and (5) High performance parallel
computation.

A Preliminary Design and Performance Estimation of an Ocean Current Turbine
Kohei Tokunaga, Hidetsugu Iwashita (Hiroshima University, Japan)
Okinawa Institute of Science and Technology (OIST) has proposed an ocean current turbine concept. In this
research preliminary design of the ocean current turbine are carried out and numerical simulation and model
experiment are performed to study its performance of. studies.

CFD Simulation of a Horizontal Axis Tidal Turbine based on OpenFOAM
Cheng Liu, Changhong Hu (Kyushu University, Japan)
As a preliminary study, this paper presents the numerical simulation of a three bladed horizontal axis tidal
turbine (HATT) by OpenFOAM, in which the Reynolds Average Navier Stokes (RANS) equation with Shear
Stress Transport (SST) turbulence model is applied. The Multi Reference Framework (MRF) method is
adopted for dealing with grid relative rotating or moving. The rotor pressure coefficients and wake vortex as
well as flow field information are presented in details. The resultant power and thrust coefficients of these

simulations are compared with experimental results at various tip speed ratios.

Development of accurate and practical unstructured-grid model for interfacial multi-phase fluid
dynamics
Feng Xiao, Bin Xie (Tokyo Institute of Technology, Japan)

This talk presents a numerical solver for interfacial multiphase fluid dynamics on unstructured grids. The
fluid solver is based on a multi-moment finite volume formulation, where both the volume integrated average
(VIA) and the point value (PV) are treated as the computational variables and updated simultaneously at each
time step. The THINC method is used as the interface capturing method. Integrating these component
schemes and other physical models on the OpenFOAM platform, we developed a multi-functional numerical
solver on unstructured grids for interfacial multiphase flows.

Numerical and experimental study of the aero/hydrodynamics of FOWT in HEU
Liang Zhang (Harbin Engineering University, China)
Numerical and experimental researches on aero/hydrodynamics of FOWT, which are carried out in Harbin
Engineering University, are presented. A simplified non-linear model for coupled motion of FOWT is
proposed. Comparison between the numerical results and model test are carried out.

Prescreening of environmental conditions for dynamic analysis of floating structures
Dong-Hyun Lim, Taeyoung Kim, Yonghwan Kim (SNU, Korea)
As modern offshore platforms are operated in ocean deeper than ever, and the floating-type platforms are
getting popular. One of difficulties in the design of floating-type offshore platforms is to simulate the
interaction of body motion and mooring lines in the various conditions of ocean waves, wind, and currents.
This study introduces a new methodology and procedure to prescreen the severity of mooring loads in various
ocean environmental conditions. This method doesn’t require huge CPU time and the accuracy is very
acceptable range. This study validates such reliability and accuracy by comparing the results of direct
simulation.
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Prediction of springing-induced tension on TLPs
Taeyoung Kim, Yonghwan Kim (SNU, Korea)
In this study, we develop a new method to predict the contribution of the second-order springing to extreme
loads on TLP. Particularly the developed method is not based on direct simulation of load signal but based on
an analytic method which is more accurate and simpler than the numerical generation of load signals. The
statistical properties of the springing loads are predicted by using eigen-value analysis, and the extreme wave
loads are obtained by using such properties. The results are validated by comparing the results of statistical
analysis of direct signal simulation, showing a very good correspondence.

Characteristics of Motions of a Floating Body for Offshore Wind Power Generation
Kyohei Kajino, Hidetsugu lwashita, Yasushi Higo (Hiroshima University, Japan)
Three years ago, Kyushu Univ., Osaka Univ., some companies and us, Hiroshima Univ., launched out a
joint project to develop a new-type platform for offshore wind power generation, and proposed a
semisubmersible type floating structure. Unlike the general offshore structures, the platform for offshore
wind power generation is usually installed at a site where we can expect abundant wind resources, that is,
strong wind condition. Therefore it is easily supposed that the strong wind affects the motions of the platform
significantly. In this study, we investigate the effect of the static attitude of the platform (as a result of the
steady drift, sinkage, trim and heel) due to the strong wind upon the motions of the platform in waves.

Hydrodynamic prediction of FOWT with multiple wind-lens turbines
Yingyi Liu, Changhong Hu (Kyushu University, Japan)
In this study, a potential flow based numerical model is proposed for analysis of the dynamic response of an
offshore floating wind turbine system, with the consideration of hydrodynamic loads on the floating platform,
the aerodynamic loads on the multiple wind turbine, and the hydrodynamic loads on the mooring lines. A
semi-sub type floating wind turbine which is being developed in Kyushu University is analyzed by the
proposed numerical model..

Conversion efficiency of Backward Bent Duct Buoy
Yasutaka Imai (Saga University, Japan)
The influence of moment of inertia on the generation efficiency of a "backward bent duct buoy" wave
energy converter was investigated at the tank test in the RIAM, Kyushu University. And the experimental
results were compared with the result which was carried out in 2012. The highest efficiency was same order of
the 2012 experiment. On the other hand, the generation efficiency became higher in a long wave region.

Measurement of sloshing flows using Particle Image Velocimetry
Jieung Kim, Sang-Yeob Kim, Yonghwan Kim (SNU, Korea)
This study is the first step of the measurement of fluid velocity in sloshing flow fields. PIV has been
applied to measure the velocity field in a 2D tank which is under regular harmonic motion. The difficulty in
this application is the sloshing flow is unsteady and sometime very violent. In this study, as the first trial of
PI1V application, sloshing flows due to small amplitude excitation are generated, and the velocity vectors in a
domain near tank wall are measured. The measured velocities are compared with the analytic solution based
on potential theory. It is shown that the current PIV measurement has very fair agreement with the analytic
solution of linear boundary value problem.

Zero scattered-wave energy and wave pattern in cloaking phenomenon
Takahito lida, Mariko Miki, Masashi Kashiwagi (Osaka University, Japan)
Present study has revealed that scattered wave can be estimated by the scattered-wave energy and can be
practically zero by arranging some outer optimized bodies, and zero wave drift force is also achieved as well.
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These can be confirmed not only numerical computation but also model experiment. Thus cloaking may be
practical application so as to reduce the wave drift force.

Development of an ocean current turbine at OIST
Katsutoshi Shirasawa, Tsumoru Shintaki (Okinawa Institute of Science and Technology, Japan)
Our ocean current turbine will be moored from seabed to convert the kinetic energy of the marine current
into electricity. So, a stability of the mooring system is an important issue to realize this power takes off
system. In order to verify the mooring system, we have developed a scale model of the OIST ocean current
turbine. The scale mode was set in a circulation water channel. we have observed the stability of the floating
body under various flow and wave conditions. The experimental results have demonstrated that the mooring
system works stably.

Offshore wind farm experiment using Wind-lens turbines
Tomo Nagai (Kyushu University, Japan)
This study presents the results of our first offshore hybrid energy farm experiment in Hakata bay, Fukuoka,
Japan. One of the main goals of this experiment was to clarify the advantage of wind farming at offshore
locations, even relatively short distances from the adjacent shore, with typical annual average wind speed in
Japan. The floating platform is equipped with new type of highly efficient shrouded turbines, named the
“Wind-lens turbine”, developed at Kyushu University. This experiment is a significant step toward
next-generation mid-size offshore hybrid farms.

Recent Progress of Tidal Current Power Projects in Japan
Yusaku Kyozuka (Kyushu University, Japan)
Present status of the tidal current power generation is introduced in several aspects such as the total power
potential of tidal currents of the world, R&D of the tidal power devices, and the information of the field
demonstration sites together with the ongoing projects of the world. The characteristics of tidal power devices
including the horizontal- and vertical axis turbines, oscillating wing devices, and the vortex induced vibration
devices are discussed. Recent situation of the tidal current power generation in Japan is explained about the
trends of financial supports, feed-in tariff system started from 2012 and the ongoing projects supported by the
public funding. Finally, the outline of the joint project by the Ministry of Environment and NEDO, (New
Energy and Industrial Technology Development Organization), which our group deeply concerns as a
consortium member in the demonstration experiments in Goto Islands, Nagasaki Prefecture, is briefly
explained.
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19 December (Friday)

13:00 - 13:10

13:10 - 14:00

14:00 - 14:50

14:50 - 15:00
15:00 - 15:30

15:30 - 16:00

16:00 - 16:30

16:30 - 17:00

17:00 - 17:30

Opening Address
Yuji Ohya (Director, RIAM, Kyushu University, Japan)

Keynote Invited Lecture
Numerical and experimental strategies for tidal turbine farms design
Pierre Ferrant (Director, LHEEA Lab, Ecole Centrale de Nantes, France)

Keynote Invited Lecture

Offshore Wind Energy in the US and the Development of new IEC Design Standards for
Offshore Wind Turbines

James Manwell (Director, Wind Energy Center, University of Massachusetts, USA)

Coffee break

Downwind Rotor Technologies for Offshore Wind Turbines
Shigeo Yoshida (Kyushu University, Japan)

Numerical Simulations of Offshore Wind Turbine Wake Flows and its Supported Floating
Platform Flows
Decheng Wan (Shanghai Jiao Tong University, China)

A Preliminary Design and Performance Estimation of an Ocean Current Turbine
Kohei Tokunaga, Hidetsugu lwashita (Hiroshima University, Japan)

CFD Simulation of a Horizontal Axis Tidal Turbine based on OpenFOAM
Cheng Liu, Changhong Hu (Kyushu University, Japan)

Development of accurate and practical unstructured-grid model for interfacial multi-phase
fluid dynamics
Feng Xiao, Bin Xie (Tokyo Institute of Technology, Japan)

20 December (Saturday)

9:00 - 9:30

9:30 - 10:00

10:00 - 10:30

10:30-11:00

Numerical and experimental study of the aero/hydrodynamics of FOWT in HEU
Liang Zhang (Harbin Engineering University, China)

Prescreening of environmental conditions for dynamic analysis of floating structures
Dong-Hyun Lim, Taeyoung Kim, Yonghwan Kim (SNU, Korea)

Precition of springing-induced tension on TLPs
Taeyoung Kim, Yonghwan Kim (SNU, Korea)

Characteristics of Motions of a Floating Body for Offshore Wind Power Generation
Kyohei Kajino, Hidetsugu lwashita, Yasushi Higo (Hiroshima University, Japan)
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11:00-11:30

11:30 - 12:00

12:00 - 13:00

13:00 - 13:30

13:30 - 14:00

14:00 - 14:30

14:30 - 15:00

15:00 - 15:30

15:30 - 15:40
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Fig.1 An example of 2-D simulation
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Fig.2 Effect of spring on sway and pitch motions of a floater
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Fig.4 Numerical results for time-dependent 3D vortical
Fig.3 Numerical results of deformation flow test. Displayed are the isosurfaces of
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_ o . . \ FHIE |[BERE| BAE | B/VE
BT — T A BT R, AEE A (A ol | R | BokE | R
4 > = ¢ N Y ¢ NE BiEmAH(A) 37.7 18.5 165.6 0.4
B LRI B, MEM (D#Y), ALfr e T Y I REETEY) o7
i (E#RL), Bt (FH) CEREOETk EAZHIR(C) 9.3 5.7 39.3 03
PO &% (D) 53.1 26.6 1954 1.7
DFIEL, 25 O BT EEIT H DI AP B (D) 59.6 299 | 2616 4.0
\ . o R B3 (F) 37.2 19.6 189.6 0.1
M7 GE LTI BT 5 3 1m/s
LA EDOFRWRIVBTIFLE LTV 2. MR ED ¥ — A #%
EURREKIETHHES 50m DT R/LF—HRT 54
PN &, 20 FROTISAIR ;
RO E MR EWEMO D TR RKEL, s o
WNTEBE SO A e FWED B &, 5 £
; . _. D A
BB O F e, N THED C TR 2
>
H/hSWVEERL TS (F-1). 2‘5 E#
3. A~F @LEDOTHLE—KTFL L vILOEE P
Yt [%]

i i . o . B-2 A~F# EOTF LT —RT ¥ ¥ LORERY
B ORI T T L b R 22 RIS —E

TR EEBTAHEDOTHAZ LD, WIRBREOFEENEZBIETEDICITITORT V> v ILORRZE
FIOFMEZHE L TR MENDH D, L 6 BEOIEES 50m [ZHI1F DR T 3 ¥ /v D 20 F /B DO R 5 %
WAL (F-2), COUWEROBREIZBNTERT v LN KX BEAZ#RYIE L TWA. BRI
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EMO E#, WEMO D I EIE T Tl
< ZEEME G IEFITRE V. 2D X D A k& A 25 H)
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4. St 1 ESL2DRTUIYILOEEFE

BHEELY FRCRETHLEEZD
&L IRWHEIFA DR T v ¥ L ORHEA E
LT TR L, EBRICRESTT 2RO 5T
DIZIE, B O 22 A b BB 5
VETHDH. I T, FMERBNT, Wi
ORI E T D HAED 1 > TH HiinE
Im/s DL B HBUBERE 23 e b m\ O T o R
T UV VOEBREERRAND Z LI L.
Ble LT, BEEGMN A REORENDK
30km A ORI (St.1) &, fReOHEEMOE
#r_EDORED B S0km A OHR (St.2) 2
OOMREET D (B-4). K EO 141
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Ty VORERINZ T 5 & (B-4), St.1,

St.2 ORT ¥ VEBO G BIEFICRE L,

BB TIIR/NTH-IMW, &K TH 23MW,
Fo O B I Tl /b TRIOMW, i K TR
3AMW OEEZ R L TWD. 20X H 7 ZH)
IXEBMO St TIEEMoONEES), fft
Bho St2 TiX, BWOWREEB DL 5T
T O ALEB OB S RE <ZITF TV,
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EiFET
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26 % 5-8
BORFFAED AN & KENSZ DS E AR ICEE I 2158

JR RS RERAGE T EWBE T 20V % — - BRBEHRI
¥z AT e

1. HAZRER

PR DIFAARANMER]$ 2 A IR O FHIBAT 13 & 2 TIRTER S N Bl & 7> T 203, i
FEOBMEFE N A DMERRICHE L, ZOFSIRZWGEET 2720 D X 0 ERE 2R T — 8 235127 - Tk
TWEDLHHETH S, ZITHUEINS T —F LiF, BEPHAICIENT 2B T2, 20523
ITEC 282 L, WOOLIREARELTOT—F TiEA L, HEPMADEN S 2 YA RIE O
N7 EQRENAYBEETH Y, Zho 23l - TS 207 LM OB B L > TE T2,

29 LBEREZR, AT, AKEEERICE RS & SEEE O G B 2 S S 5
ZEZHEMNELTTY.

2. HRTE

RIATAR D 575 2 BEERL 2 > < D2 o THLHERAAIG I I “AWFFE T o DR A 0“2 IS I 3 o
KRB Z 1T\, SRAICIERS 2 AP, MRS 25009 5, S 9 2 Rl ol B i i,
Pl R, SEBEHEERTH 5. R ICHRALEE TOIRE R B DFH O 1T 9, MLt TP,
M EPEEEE R CHiEY) D BE2EHS 2, WHhOW B REICKDE2 2 LA TE %A, ZDNIETE
EHHMANDHF LG DR E LM ELEFEDOPIL 2GS 5 2 L3 TE kv, 22T, A& Eor— 21
o THUY A 2w RAPGERN 2 T, s RIS - 22 IFER I 2 5 2 k2R L. Th
I &0 AAIIANIC B TEIE 2 EEEMICEHIT 2 Z 3 TE 5, 7, MEICIEEEO TR HERE
INTEY, MAEPEIES 2EOMMERILE ) 2595 2 L3 TE 2,

3. WAZTAEME

AP TRLD & 9 2k TiT o 7o,

K % T e i # & - Y
T U | R ERFRABE AR Htz &

O IS | IR R RABE TR - BB 2 7 A8 | M3 1 4 | SZBhbh
G & | IREBRFERAGE AR - B A 7 AHE | B 2 5 | SRRl
TR FEF | JRERFRAGE TR - BB 2 7 A8 | B3R 2 4 | SZhtiish

RFE | RBRFRABE TR IR & T8 a1 4 | BBl
L R | RBORFER G TAIFZERHIERIE A T HIK AR 14 | SEERliBh
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4. IR

4.1 HHE=R

FER TR T 2 RO & Z DFERIt% Fig. 1, Fig. 2, Table.l I/, FEERICIFAE TR D 5
7 % 2 fi#HD Tanker B OMEAETYE L O Bulk carrier #4, Container BB % fiH L 7z. Tanker 7Y
DEWIZ Fig. 1 ITRT XIS, RTOMHMBEIZIZF v A Y 74 VBASTED 7L 7 =058 ko> Tw
%. Tanker BN AN S 251 2 7 O ICFREAPEGFZRE L TE D, HENICIE R T
BRI Z T 2 &N TE S, HEAMENIOWTIE Fig. 1 OARNTRT X 9 IS & b o
ordinate. 10.0, 9.875, 9.75, 9.625, 9.375, 9.125 ® 6 D DOWIHIZIA-> T, A2 S 5mm D & 2
AICHRIEL, MEZ2EENCERIT 5, BED 2 AN L TIHENGEIDHRETZ 2 L) Ik >TED
Bulk carrier #4413 ordinate. 9.5, 1.5 ® 2 5i, Container ##1Z ordinate. 8.5, 1.5 ® 2 kil k—nX%_J
EoTWw5, EH7Fr—DI%, BUKED» OMENEREZ TALLEEOAELZ 0ELEL, 1I5EBEIC
RERIET 5, MEHICIZ 15 B E 90 2R/ 5 mUCikiE L 7. (Fig. 3)

M14053 M14053

M14070 M14070

Fig. 2 Container £ Bulk carrier £/
Fig. 1 Tanker 15/

Table.1 35X 0

Tanker(M14053) Tanker(M14070) Container Bulk carrier

#H JEEDE IR S| R R JEEDE IR JEEDE R sl R R JEEDE IR
AP AP

Lypp (m) 2.3500 2.3500 2.3500 2.5000 2.4000 2.4000
B (m) 0. 3744 0.3744 0.3744 0. 3846 0.4000 0.4000
d (m) 0.1366 0.1366 0.1366 0.1374 0.0818 0.0818
\ (m3) 0.0945 0.0945 0.0945 0.0813 0.0619 0.0619
Cy 0.7860 0.7860 0.7860 0.6004 0.7888 0.7888
Aw=Sp (m?) 0.7660 0.7660 0.7660 0.7666 0.7933 0.7933
TR (m) -0.0296 -0.0296 -0.0296 -0.1684 -0.0443 -0.0443
Ty« Aw=S (m?) -0.0227 -0.0227 -0.0227 -0.1248 -0.0343 -0.0343
(=z¢q) (m) 0.0639 0.0639 0.0639 -0.0525 0.0312 0.0312
(=KB-d) (m) -0.0605 -0.0605 -0.0605 -0.0623 -0.0605 -0.0605
KB (m) 0.0139 0.0139 0.0139 0.0519 0.0392 0.0392
BMr (m) 0.1937 0.1001 0.1001 0.0996 0.1958 0.1958
BMy, (m) 3.0506 3.0506 3.0506 3.4675 4.5496 4.5496
KG (m) 0.1390 0.1340 0.1360 0.1323 0.1059 0.1059
fyy /L (m) 0.2492 0.2438 0.2497 0.2492 0.2492 0.2492
(=KG-d) (m) 0.0016 -0.0036 -0.0016 0.0180 0.0241 0.0241
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) Eet
‘ RREE
myNY>Z7
OBy
@ ord.&‘ééContainer)
ord.9.5(Bulk carrier) @ ord. 1.5
FroRLEE| 0 (degs)| ° (mm)l z (mm)
Bulk carrier| Container
(M 14ch 0.0 -71.0 -138.0
 15ch 15.0 -68.4 -120.0
@) 16ch 300 -52.8 -94.0
V4 @ 17ch 450 -24.3 -65.0
= () 18ch 60.0 -— -41.0
® 19ch 75.0 -— -20.0
@ 20ch 90.0 — 0.0
21ch 0.0 -92.6 -138.0
© 22ch 300 -85.9 -103.0
23ch 450 -66.4 -76.0
() 24ch 60.0 -41.7 -55.0
(@ 25ch 75.0 -94 -34.0

Fig. 3 JE/EtDRRIE ST 15

4.2 ABEHNE
IKFEERBR

FERIE H 1%, Tanker B4 (M14053), Container BBRITHRT U Tl EHBNFHIIZE E 2 FH o 7285 - SRy
IEFHERERE X ORI X - CTHiFE S 4172 Multifold method 12 & 0 IEEFIIZ OGN, e m iR
WO ZIT-> 72, FEERIEEOKP 2 WE T 2 &8 F s, £ A2 ET 2RO 2 THH %
frofe, MHTREIRMAETRD S vo BENZZHLMA D TH 5. Tanker £A (M14070), Bulk carrier fH
Wxf Ui BRI 2,  milEEREE % 72 heave, pitch 7 D sifill BT R & AS 3 F % ik %
E L CHMT 2l iR 211572, %408, Bulk carrier BRIIBLKZ N T 2 M IREEIZEE LTI
2iTo 7z, Flg 4 SHEENEHEAER OIS ERIER, Fig. 5 (HEBEHHEAERRF O > 2 7 LK, Fig. 6 (25l
BhFERBR OB E T EX, Fig. 7 (CHGlEIFERE S A 7 AXKZ R, TR & BT & O REEE AR
A 2> & yleOmm DRETH 5.

= FHEBOX
| [
y [_apmEA—F |J| 727 [ 7¥7 ] 77
— I

T —
. ) .
£3(f) 0 {‘\ T, r\:’?f/ax—a ) I -
F1(a) E> O st
| i 1(f), F1(f) . x q F—Retwmt AR
= AbUA—
B
4
Fig. 4 YHEpEHI%E E 2 E Fig. 5 E#HBEIGHEERER S 2 7 LK
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[E=—H FHEBOX
I I
y [ ApZEA—F |J| 727 [ 7v7 ]
— I

| BHBIBLE | —
y Tt
; 0 w@w;%ﬁ
- Fi r - =

iR

ww&/q
&

LA ig. 7 SRllEEREEE S 2 T AKX
Fig. 6 iilE)HERE ERIEX] Fig. 7 imfil@EiFRiEEs 2 7 LK

4.3 EEREMH

BE 1E Tanker B3 F,=0.1879, Bulk carrier £iH72% F,=0.19 TfT>7z. Container BRIZEY L T
I F,=0.18 L &EMHNED F, = 0.25 £ D b AZEC UCGGHIlZ T 7. FREIFEPH I 38E) - Sy maEt
HERERICBI L Cld A/L=0.3~3.0 TIEHEF2 i (x = 180degs.) D BfiEkER 217> 72, @B FG AR
TN/ L% K LI L 722 5HE & UCRbll &2 fTv, SRilEREE cRRl L 9 %2 A/ L=0.5 IZMH% T
% K,L=34.882 7> 5 \/L=3.0 {247 % K,L=3.388 DH#iH CFHll% 1T > 7. il heave SBRDBTIR
% £3=0.01m T&H b, 5l pitch FRERTIXTRTIBFEEE OS> * 7 F % 180 degs. AU 2 il BiFE X
HH00E 7Y 7 VERLT S, METLY2S Y ¥ 7 b ETOHEL 0.42m ThH 570, BFERIEI
& = tan"1(0.01/0.42) = 1.364degs. £ 7 5.

4.4 $ER - ER
A AEHR

Fig. 8, Fig. 9(Z Bulk carrier B8 C17 o 75Ul EFRGAER IC X O GHII L 72, BEELCIER S 2 (4 I0E &
EWENREERT., 77 7 3B K, ISR 20 0 7 EROtiEE £ D, it &R R Lo T
W5, Fig. 10 1 3PEERHTEETCE S N2 Sl of R 2R3, Ml AR OR Z R Tl %
XTUE N /L 2 & D, HERIZ PR ORITCIETER L T %, TERIZEENC \/L 2L D, #Hithic A%
PR 2RO Z L > Tw 5,

fin @ E)

Fig.11 12 Bulk carrier BRI O AEHEI DFERZ RS, 77 713/ 5 surge, heave, pitch DA H
Bz d, B AR OBR 2 iR TR L 72 X0 N /L 2 £ 0, HtflSEB)IRIE 2 AR D IRiE T
PR L7 EXOTETR L T A, MRIGERNIC \/L 2 & 0, fithhic ASHEICN3 2 ik otz &> T
W5, FAUGEEEHIITE S AR, BRALZFER R S iR ) Xk 0 EE SRR R 2 L TR
FRAESE) & 2> TV, MFIFLL ML T0E I L, EBROZLYEIHERTE S, Fig 121
Tanker B DATE IR Z 2 FEIZE LT 7ZEBHEHI O HR %2, Fig. 13 12 Container BRI DAEH 2 7R
¥, Tanker BAID heave SEE) D [AFHIE A/ L=1.3 fTICHAAEL, pitch #HBO[FFHA 3 A/ L=1.6 43T
ICFEEL T 5, surge BT IEFFRIEAAE L 2\, Tanker MY o #HE) 2 Mk § 2 & MFREANIICE
WTF XA VI VDA77 L7 — DRI D T HSERHVNS 5> T 5,
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FETE BRI AT

Fig. 14, Fig. 15 (SE#EB)FHIEAERIC & TIMARDSIERE L 7232 1 BGOSR (x-cut) & AEEEE DRl
el (ship-side) CTEHMIL 7252 /R T, ZNZFNN/L =05, \/L=12DFRTH 5. 77 7 %At
ICPE e AR DOPGE TR L 72z &> T 5, Bl finikrh s o Ol « 24 hR L/2 ThRL %
iz t>TED, 120E, -1 2MEOMEZRT, 1EREIZ7 —Y 2@z L7 1 XRsofE, 2BH
12 XK OfE, 3ERHBERBRITOMETSH D EFRZRL T 5, fiR2Z MK 2 & EFUEmN-§
25 5-DREINEEHEDOWIEN 7 L 7 — DR M14053 DI ) VNS B L ko Tw5, £,
RIS TH 5 N/ L =05 DWFERFRMDETH 2 N\/L =12 E2HKT % L, FHFARMECET
2 MR D 2 REST DIRMEDSHEY] D T DIRIFICHAR TR EVOMPERTE S, DI L6, Y
W TSR ) 23D 5,

R ASREE S

Fig. 16 IZ Container fBITHHAI L 72 i AR LS E ) DRGSR 2 /RS, 20 Z1N/L =06 & 1.0, 2.0
DR ZRT. 77 7 13 OMRITME, B2 0L L & S DIETIRHORIENEZ & -
TWw2, fERE AL, MEMOEEAE N AR CASE R DI X 2 BB/ S W T &2y
»5,

5.X&®

DRt E2GATGEINS 2T L2/ L, ZN2GEEYT 2 HIV T D %7 5 4 B OB %2
L 7Kg 2 1o e, —HOMEIC XK D, MEIHIE L Cwiditkrs, &Edh, 8yim, e, ¥
HRIMEHDOFHITA S L HI2% D, MATINE TRV EIYHEZEAL T —IMENTE
Ltk s,
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A33/pV B33/pVa,

3 : 3
o O experiment
o)
o)
2 OOO 205
50 6 |0 O © ©
O Oo
1 1 DU
e
O
0 0 ° 0
0 10 20 30 40 0 10 20 30 40
KL KL
A53/pVL B53/pVa,L
0.4 0.3
030 02
02 ©o !
01 O~ 0.1 _
0 I O O Q (@) O 0
o1 ool 00P0 O o O o
- =U. O
0.2 .
03 0.2 _—9
VA1 20 30 20 034 ~ 10 20 30 40
KL KL

Fig. 8 il heave /D RlEIHEIC X % Bulk carrier B A IVE & & 8= 11228, F, = 0.19

A55/pVL? B55/pVo, L’
0.2 o ‘ : 0.2
3 O experiment
0 - Oof\ 0 ®
1 1
%)
o |o o o o
o
®)
O
° O
L O o
0 0 :
0 10 20 30 40 0 10 20 30 40
KL KL
A35/pVL B35/pVa,L
0.2 0.3
o 8
0.2_ 5
0]®) o o o
0 0
o 0.1
0.2
V20 —"16 20 30 20 034 ~ 10 20 30 40
KL KL

Fig. 9 il pitch J51 DO mHIEIFEIC X % Bulk carrier B8 o A IVE & X N8R J11%2K, F, = 0.19
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0.4

0.3

[E1//pgABL

o experiment
05 O 0.1
o O OOO %o (@] o ©)
0© o
OO Py (0]
000 O OT 00O T 00~ |0 O
0P o P00 o e Sll)
2 3 0 1 2 3 0 1 2 3
AL AL
180 180—O
- © %
90 —O o 90 O
o 00000000 Q
0 e olo
Q00000 % 90 —00000 0000
o ‘ ‘
-180 -180
. . B N LN
Fig. 10 Bulk carrier BB DRI /1, F,, = 0.19, x = 180 degs.
|E1] /A €3] /A |E5] /KA
2 T 2 2
o experiment
° cal. with experimental hydro
N y
1 1 e 209 o 3
o8 ° A o
[} ®
| lane :
, 8 8 [ ° .
ce ‘ 1 % o° o
580000 & oL—& [~ 0 ea®
1 WL 2 3 0 1 WL 2 3 0 1 WL 2 3
180 180 5
o oo | 90 90[—=<
o) :{?g hd k4 Yo,
~ ¢ 00— Oglfmeo 0o —o 8 0 QO
LR . o
oo -90[—0 -90 S °
) 8 N
& -180 -180 LS Vit
. . B
Fig. 11 Bulk carrier BB D MVAHE), F,, = 0.19, x = 180 degs.
ELIA E3IA E5/k,A
2 2
[} experiment M14053 [e] experiment M14053 o experiment M14053
A experiment M14070 A experiment M14070 A experiment M14070
A
A
§%<>© @9@6 L 6 6 0 &
c A b
: o ! i
& g
&
A
s 507 fa)
o N 6
QQQQQW@ o [AYAY 00 AAQ
T
AL AL ML
—o N 180 180 e
O /8 M—J“ al J‘ 90 2 &
5 o[ ——ARRS N, . 0 A
%, 50— O@ Q&gﬂ - A p—
ADOD
A @@ - 180 °N T 180 a /Q@ﬂa ?

Fig. 12 Tanker BRI D AA#E), F, = 0.1879, x = 180 degs.
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ELA
2
RPM(DBF)
RPM(NK)
o experiment
1
ﬂrg
oL cca000 P
AL
180 ”\J
90 /\)Uo—@—fﬁjﬁ
I
o]
10O \{éoo

Fig. 13 Container BRI AES), F, = 0.18, v

180

920

E3/A
Ol}(_jo 6 0 ¢
e
ML
—C
O
}};L—o—o—o—o—
O

cos component (M14070)
sin component (M14070)

(M14053)
-~ sin component (M14053)

cos component-2nd (M14070)
sin component-2nd (M14070)

E5/k,A

ML

180

90

= 180 degs.

cos component (M14070)
sin component (M14070)

(M14053)
-~ sin component (M14053)

cos component-2nd (M14070)
sin component-2nd (M14070)

1 pe M14053) cos M14053)
- sin component-2nd (M14053) - sin component-2nd (M14053)
0
-1
-2
1
2K, &, steady wave (M14070) 2K, &, steady wave (M14070)
,,,,,,, steady wave (M14053) ------- sieady wave (M14053)
0 \/
2 2 3 2 3

Fig. 14 Tanker DOifty] 0 I (/) & MEEHEMMEIE (1) (F, =0.1879, \/L=0.5,

X/ (LI2)

———— cos component (M14070)
——— sin component (M14070)

1 cos component (M14053)
s - sin component (M14053)
0
-1
-2
2

———— cos component-2nd (M14070)
——— sin component-2nd (M14070)

x/(LI2)

cos component (M14070)
sin component (M14070)

1t (M14053)
sin component (M14053)

———— cos component-2nd (M14070)
—— sin component-2nd (M14070)

1 cos component-2nd (M14053) cos component-2nd (M14053)
- sin component-2nd (M14053) - sin component-2nd (M14053)
0 RS
-1
-2
1
2Ku QS steady wave (M14070) ZKB [N steady wave (M14070)
rrrrrrr steady wave (M14053) ------- steady wave (M14053)
0
-1

Fig. 15 Tanker DO#fit¥]  #ei (/2) & MEEHEMIEIY (5) (F, = 0.1879, \/L=1.2,

X/ (LI2)
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Ipl/pg A
6
||= = = ord= 1.50, RPM(DBF)
ord.= 8.50, RPM(DBF)
— — — ord= 1.50, RPM(NK)
5H ord.= 8,50, RPM(NK)
ord.= 1.50, exp.
e) ord.= 8.50, exp.
4+
3 -
2 -

180

90

-90 k

-180

Ipl / pg A

lg o o) o o

o

A------- L == =N =-=A---A===

0 30 0 (degs.) 60

90

180

A A

90 t

90+

180 LT

-———Cr = - =

---p---0

AL =20

Ipl/ pg A

-180

AL =10
Ipl 7 pg A

A

---p---O----g---

-180

AL =25

Fig. 16 Container BB OMYEMEHTI, F, = 0.19, x = 180 degs.
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26 ¥ 5-9

B BEHKER — X ORI

TN KRR ZF B & BT e R IER

1. IZLCHIC

HIERERRGIZ L0 B2 RERTERMENEZL L TBY, Z
DRFE L LTHET R X —~OHIENEE > TV 5.
RN O A DO PEARR F AR 2 A% B ARIZER N
T, WETFRAX—TE R T Y L ERDTEY,
WETRNXF —EARAT 2 Z &N TEIUTERME
OBENB L ROIESLS LD TH D, £, METAIC
WEERFIC X W R 7 ¢ — L ROSEE S, TWUNIZBWT
BRI L RIGESHRE, AR LR EORE
FEZ 4=V RELTERESNL. ZOZ NS LIEET
FAX—OEAENBERZ TV, ZoBZ IS 5m
HWLTHL bDEEZBND.

% ZCARHFIFETIE, MEET RLX— O T HEET %
X —, ZOHRTHIKFHIFEEKEICHE B Lz, B,
EHHDWIEEERH Y 2P LT WHENS TRV
F—JRL LTHIRENTWS., EBgiRkEOn—%—7
L— REBETDZENAMEEOHTHS.

2. FL—FERDREIR

2.12 R EWFEN

AW T, 2R e AT HD 7 ) — > 7 RXFLR5IZ &
S>THHZFHEL, TL—Fk®27 v a v OREEIT-
7=, LA 7 REFRe=5.0x10%% L, LT D20FE4E DONACA
B r LTEHRLE.

4K R 5

NACA1412, NACA2412, NACA2414, NACA2415,
NACA2418, NACA2421, NACA2424, NACA4412,
NACA4415, NACA4418, NACA4421, NACA4424
5HT%5

NACA22112, NACA23015, NACA23018, NACA23021
NACA23024, NACA23112, NACA24112, NACA25112

Fig. 1%, @MAIIKkT 2 4 i RFIE O OFFRE RO
—#ETRT. TRD DR S, NACA4415DHH AN
5% IZBWTI60% iz TRAMEE 72 >72D T, Fig.2
DFEIRDONACA4415% A5 Z LT L.

22 HERAEHEHAR

T L— KR EZ 5N EERICBWTRRDONT —%
FEETLE T L— POy FAGMBB L2 —
NESFic(r)aRD 5.

WEEEB G & AV G NE TRloRT.
JRPTEE A

L=M§ (1)
7 1) 5% B a
16a* —24a* +33-2,)a+ 2> -1=0 O<a<1l (2
He 7 1013 AR e’
a— 23 3)
4a-1
Ao

Fig.1 NACA4 #i3 OB HibL O F AL ()

Fig.2 NACA4415 JEIk

Fie. 3 =2— FR/2 i

Fig. 4 © v T AN

Q= tan_l(l:T:/'tr 4)
v T 5 A ()
BN =9-a (5)
a— RESHic(r)
c(r) = 8arasin’ ¢ ®)
N,C,(a)(1-a)
C.(a)=C (ax)cosp+C,(a)sing (7)

722 L, AaaREHEEREL, roB5 N ERRE, ROKEEA,
anlify, Ne:BHBEKL, C(a):5/1HR, Ca(a):Ii/IfR%K

— 255 —



Ad, R, NB¥ L UNACA4415DCl(a), Cd(a)% 5 %,
WD~ ERANTHEE T L— RERET D2 ENARET
HDHN, BIEBICBWOCII3KR T EELZZIT 5. 207D
DIEEERN N OIBRINTWAHA, Z Z CidPrandtl
WCRDEEREFEH L7256 L LBRWIGEIT OV TRIR
LT, T L— REEROBE, Lo X&iEET LY
A, PrandtdOXOFEEIC L D RERF 7L — KDoa—F
B & ¥y F A5 ORER % Fig. 38 L OFig. 412777

3. TP A—IkBTL—FE4E
BRI KEORECIFIDT Y v ¥ —& V=, Fig. 5
%, 3D7 YV v H =Dt EEERT. T L— FEEIX
30emTHBHDT, TDOEFE1KE L TRENRTEX RV
T3MOTL—RET v 7 NERO 458 TRYEL, #35
FNZ X o THISZ T,

4. EBEBLLUAX
FEBRITIE A F1 2 FE T O BB A CIT > 72, K
HADTAEEU=0.8[m/s] & L, T—F—I(Z L D /KHD[H
HR4n[rpm] 2 #E U T RS DK HLOD b L2 T[Nm] %
BET 5. AKHEIX, BHR U728rHarE & itk b T
X 72 (Old)DF ST CHEBR AT o 72,

5. EERHER
5.1 7 L — FEUREDOMEREELEL
Fig.612 7 L — REAMEED T —RECpD /T 7 %o .
FHLT L — ROCpD i A 13Base7’A=3.5TCp=0.40 & 7
Sfz. —JFTOIdIFA=2.5TCp=0.33 L 72 v, ARIERK L7=
BT L — ROEFPERBEL O mahR Lo,
7 L— REMAICERF L2 L— RizoWnWTiE, Wi
HARFHEH A3 SIC TR ENR L 2o TNDH Z LD b,
RERFINTETCNDEBELLND. £72, LY AWK
HWOBIEOHEIZD DD 5T, PrandlDEEEINZ T
WS DD ERNERE 57, LA L, Prandtl DIEIE
ZNZ T2 % D OIS ERE O HEAMZ AL 5 PEREIE R 23472
WEWNZR5H.
5.2 L v REERFOMERE LR
Fig. 7\ZJi L o REEEWED R T —AZECpD 7T 7 &
BT L — ROCpDIx Y, Lens?32=3.070.86, Lens
Prandtl’A=4.0"T0.86, —J7 TOldIZA=3.3T0.84& 72> 7=.
L ISR LR T L — R, BE R 2R
FANCIE > TV D H DD, OldD J57 AME VN EE L IZ 380
TLEELMEEE RETn5. AL XA O K&
L, PrandtlDEIEOHFEIZ D BT, IRIZREDOME
BLoTWAMN, 7L — REJMEE L [EERIZPrandtl D& E
ZNZ T2 % DOIT S ERLE OB L 5 PEREIR T 23472
<, EOMFITEL o REFREO T PBEF BN TN D,
5.3 REALHEDOHETIZ L 5 HhEHE
PLEOFERIE, JES02mm THEEER SNIEDOEED
KEDT L — R TIToCEXm. 2Tl 77— Ro%E
HPEIRDVKBEZRICE D & 5 e BE L= O T REET
572, Lens& Lens PrandtlD2fED 7 L — RIZ2OWT, &
T2 i L EBR AT o7~ 22 CHRELEEH LS
D % ZFE 4 Lens polish, Lens Prandtl polish &3 %. Fig. 8
IR\ L o REEFIFO /ST — R CpD 7T 7 %~
CpD X Lens polish TiIA=3.50 & Z1ZCp=0.90, Lens
Prandtl polish CidA=4.50 & X Cp=0.93L 721, 720 DF)
KA LAFER S, REELC X B8R o i3 EE
SE L 2 DIZ o TREL Lo TS, KL &
S TKBEZIERITKIEIZ EF LTHY, Lens Prandtl polish
WB L TiX0ld & e LT, HI10% DR DA L3 s T
7.

6. ¥&8

KEZHHIE, 7 L— NHERIFTiXBase’A=3.5"CCp=0.40
L7y, JA L REERECII R I % fis L 7z Lens
Prandtl polish723A=4.5D & &Cp=0.93& 72 >7=. 7' L — KH
B, A L R L HI1201dE D BREREm EL TR
D, MR T L — RERBTHZENTEENZD.
7 L — REMIEE T, Prandtl DIEEZ LW TR ERER
Lot B L RIEFFF I Prandtl DEEDOH HEIZ X
HNRU R B OEEEIXHE VL Loz, LaL,
PrandtlD{EE 5NN 2 7= 5 D D J5 A3 EE L OB £ 9 P
BIE TR DR o TWVD

FHEDOHEEIZ L - T 10%DRNER D KIEE 722 [0 L 23HEZR T
7.

Fig. 5 3D 7'V Z—fET

Fig. 6 7 L — FEMIED /T —(75K

Fig. 7 Lo REHEMED T —(55K

Fig. 8 7' L — NREITEDFE

WHIEREHE PR IR
W /15 BATHEK
FTA TGS A Rk

— 256 —



26 ME-1
BV ARERICBFE S NIBE - R R OB EERHE

i

BRERRZE T8 FBERIE

\

- BEY
AMEEEIC B & i & ML v XRE AR B35 BT, JUNKZIGH s Gil2d%) O S REERO
BEMBL O FH M L BEIC OV TR L. BEROICB W T EWIN LATTRETH 0, 2 R A D R ERHES — b
FERTHEINLETHEO C/C 2R RYy MIOWTEICKRF Lz, TR 2 Y v MR PURRB T ICB W T,
EMIECTRMT 2 &, 2 Y » MoK HEICEHR R  HE— BN TRE THh - 7. TOMFHIF| & & AEHED
IV CIE, — M DR FEME S — &2 W56 O REMHEE S B OB 21T > 7. RBFT OREIZIBNT
VRN KRR S RFZE T s B 483 % /- 72 % | Vacuum assisted Resin Transfer Molding @iz & - TR 2 8/E L, ZH
NHRBEREGYH L. 2 U CREBRICET 20T M E —F IR BOF AN S 57 550 & - B
WA RRFT L. FAiICe b o CTERIGIC X o TEFRENHK —INFHMETE 2 £ IOV THHRE LTV D.
RREECIDIEMOLILERRDL-OINT. LRSI %2 » A0S 6 » HBHEKICR LBICESRBRE{To7-. 20
il BT KR S VB O F RO R LIFIER U TH - =0 THEA (B D WITARIEOBRM) Tl 362 ma)
ZATF o TR
- BB L ONEBR I
FERITHE ] U7 REREME S — M, BIRSH: CAST NELE L2 —R L UD TH Y, [RFEWHES —FHICEE ST
W5, ZORFBHES— NEFTEICRE JICEVRHIZ 2 MAEBERQEER Y 72 FEH LR U8EEZ > — FOMIZHi L
IABMARITHEIE L=, & O T3 Vacuum assisted Resin Transfer Molding (VaRTM) & #r S HUAL IER &N TS, =
NE TOMFEIC X > TRBMMEE A EHT, SEHEF OB X - THRENELT 2B FEEZ > TWD Z ElbnoT
WD ARBFZEIC I\ T R OMEHE ST A 23 & CRFE T IS 72 D 354 & T B8 7 1) b ONE AU TR T 5 1] 00 A8 LA {7 1]
RGBT ERBRF 21T o 7. MDA E DEIZONT HIRF L7, ZUIBEREICT — & UL
H£95 B CRBUT 2 BUE LTz, E7 VO FEM T 2 HWPERE () RO T3 /RE7%: C/C 2R Y > b CX-31
(ZOMEHE T = 7 — VG % R FBHE TR A TEARIC L 2 k8, A0 O J5 18 & i 2 AR b B Ao B LIRICHE Lz
HD) L OB EETIT o7, AR OHE OEZEH THHERM OMIC =R X o % LAAEET5HE Lailo C/IC =2
R b DOBPEDOBEFIESIZ L o T, SRR ECHIE R I ERB N E LA 0ONE I DERFTAILELH D LEZ TN
5.
LZZ= R V& AW T RBBHEAE LM ELOBE OB ORI IR BWE b X 2.5~
3.1lmm) Z/R7. BB, 7=/ —IHEIEEAWZETRVYO CIC 2R Yy hOHAE, A
Uy MOREEZRTIRBIICOV TR 21To72. ARSI, —FREEMICRBIT S
g ERAE AV v MR OBIZOW TSR R SEMAFT L. JEHREIZOWTI,
SRR % 2 IZH N ST WEEEE (LIT) & —A 78— &G I IRNE T O 577 5
EIToTHELND S-NMFRIZESFHMEIC L > TERLTWS. £ LT, BRODFERE L
R LT, EBRRBRZERL VD,
PEHRERIL, 5I8E - JEME TN TITo TV 5. L1k RIZEIC-1 TH Y, AL 10Hz 2% Fig.1 Geometry of specimen (=
ARE L. FiF~A 7 aRra—7#HOCEEBZE L. 10mm — 14.5mm, 2W=30mm)
- ERFERBLUEBE
EP, BHRYD C/C L BRY y FOFREHBICEN TS, BRSO LN, EWEHTHEME L 0w OEIZYIR X
DGR DOFEE N D72, IFEF—EEEBILTELEZDRNS D LRRED. F7-, ISR LTIk R, 2%
AZENIICHETICEBR L CTUIREOEENRH T2, LHLRNRG, 7=/ — VOGN B3A LT 2 R ORI RFEH
HEDRBIZ L o TIBHERITREREELZ TRV ENBREIN. DEOFKRNL, ¢/C 2R Yy bTIE, GIKR
JEDFEWEFI DO TO X B AEITEFHEICRESEE LR, TOX IR ENEFREOHTNEBERLTND. £
7o, EZUIHUETF M CIEAbDICHEA L, BB R CIImESF mICIEERERFMTh o7z,
TARXEFEME L VaRTM CTHRUWEL 72887 T, —FROMEHED RGO RENIEHREICHR ENnz. K21
S-N iR OB & 773, fiE S 13— J51A (One-direction) (25 LC, ZZH .0 J[fl(Double-direction) DA IZITIE FHIREE 0w
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DHALNE T LTWAZ EN 05D, LT, KAEDFFDEED owlid CIC 2 RY vy NOEEITITVWVEIZ /2> TV
DMLY, BHEDBEF IS SN D Z LI IV F LLEBENMET T2 Z N ahote. K2 OFRERITY T AL |
28 3mm & RPN OBAED LD TH D,V T AL MENKEWESIZE W TS, R U & 5 7297 BRE O[3
BHENDZ LT LIT OFENSHELTWD. 7B, K312 LIT Ik » CHEMEICEFIREARD M RE2R L. K2
LK 3 OB Ll OEFIREDEIZIFIER LU TH D I EBD0D. HEF M OMHE L B5 M OMHEOEIA 22 &
Th, M2 ERUEIRERENEON, 7=, K3DLHICLIT TERT S LR EHIRENBFTE S, K20
DD F M A M EFIHZ 2 2 LN TE D2EEITITHBRA OBE L &< TE 20, Z0EM 2R OBEIc k-
THEZEL.

330 :
P: k=1 324NPa
=H
o ~=322MPa =
S
é
= l
|
232 2.3 24
[107]
Number of cveles [N] b
Fig. 2 S-N curves in the case of Epoxy based composite Fig. 3 Fatigue limit determined by Load Increase Test (LIT)
Fig.5 Examples of crack growth in Fig.6 Comparison of crack growth:
double-direction fiber (a) Fig.4, (b) Fig.5

X 4 (2~ HIHEORBE A IZB VTR Y v Meh OitE Lz 2 ZoBEE 4R,
EZUIFTEG T AT AT — R CTHRB LTS, ZHICR LT, K5 I1RTARAICHE
Fig. 4 Example of crack growth HEDT M ZBLS| L7 3B CIY, R COBERERIC L 5 & S ZUIMEG MICEE S IS
in one-direction fiber HLERLTWD. TO &) R ER/OMEREEE D T IRECHE T HFMICBEBR L TRBD, &
FAZHHE 2 BCHIS B & ff BT W OHEO RN O RIS EL Y bK< 5. K
6 1ZME 2T L TV R LR TH D, B 5 1280 TIE, BAENS & > TR IS Lz & Dt 1 0
WA Z VI DTS NS, 5%, BAOMEBELH 2 VTR L EAMEOHESIZHOVWTHRFT 2 FETHS. #E
HEATHGACUREZMNT T AGE AT O PR S O & 5 2SR T 2 0ERH L EEZTND.
- TR
(1) FEEE, %)Il, Md. S. Ferdous, S. A. Setyabudi, ¥R T3 A[EEZR C/C 222 R Y MIIKERER T O 57 E IO\ T,
JE 1824k, Vol.51(2013), pp.303-311.
(2) EFF, FH, /N, k%, W, Kk, VaRTM A CFRP RO fE 1 & CAT FREICBId 2498, 5 52 19
WG TR B9 2 il i AE (JSASS-2010-3054) 4 =—
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26 ME-2

LRV XREE AWK DB IRIC & 5 KRRERT

WFSE SN « B R

1. % 8 KREFELSOBRIZET CTHAENED RLX
— & L CKRFEOHFIIEZRIET 2 72 O EBRAIHFIE A &
L ENTWD, AN R X —2 &> TEH BN KEMR
RFECREEFEMZRRE L CRET D, PR 24 FEMET
FCOHIREEEICEA SN HE T 3L X —3gE ik
&L LTLy RME(RIAMWIND #HE)3 K OMREFE >
AT WN(FC R&D )35 5. ZhaFH L TEHAL Dk
FHEaI =T A AR TE S K LIORT XD
\CEMZ TSz EOKOER DR CIIKTE L RE
DRA SN TEAKET ARG LND. BEKET AL ZNE
TIBIA L LTI SN TETD, afioTH <
KFEELEBBIHHECENIEEDFE LRI LT — L

L TR CEZFREERH 5.

W OKEME S AT MIBNREKE DT OB &
2 4~SKWh/HNm® Tdb % O T, ARFSEA B 5T B T A
FAEHMTZOME VDKL A DR IX LD,

Z 2T, AWRIIERAKES A L mu iR TRAE S
LI T — 2 25 LR BEE TS X L IORT
Ko7k EmE CER OIS &, EMHTKFE H
LR O PNEA SN THIT= /0D HHO A BER S 1
%. BmEEAZ Y TUE, ERAm A S Tt &4
BWHTZENTED. £, ZORAHT ADESIIKT T
AB—=TohDHE VDN TS, Mik7ikFE LY HEKED
A DTF B EH O E I A GRIEIC X o T 10%FL R
sz LnEsh T,

B3 1 A DI AR LIS RAY 7 BT, MG
HHDORBENSLTDHI L, B A b BEANDZ LD
2 HITINZT~A 7 a T ROEEKEZET AKD 2 FHE
D HAD I BET 2 EMFCEMmE i E Eo T
MRS RRAKGF DR a3 5 Z & 722 &0 TN
HERD.

JRIINZ K 2 7K BRI FE OWFIENT DU TUEIR A F IR
T ERFEHRAL =T B IEMRT D AT O R E
(NEDOY2 EZ P L CEESNTE =Y. Larl, &
Finn O A N SERE & 72 0 IR KE DA B =3
NX—= LTV, L2 AN, HARENOITHEIZRB T
/NGO OFE ER) ORI I TE TR, [t
~OEM KT A PTEBITE 5. 8512, W@E O
K (—253C) L 0 b BITIRILIBIE RN @A A~ R
(—179°C)D BN L 0 % FE O JE ] = 3 )L 5 — O T
V2T 5 FIREMEDS & 5. ARAFFEIC L 0 K AR D 5= % 5
Brlzm ES¥ 5 2 ERAER L iU, JRIICHE S VoA
AT R X —IZ LD AELDERITE S,

AN R, BTAEEEA - S B

1 AR O HHO 5 A D3

2. EBRBIVEER  BAKBETAORENROERL L
TREA DOFRMETEMBLTZ. B 2 ITRT X IZ(@AT
MR A 2 KOTHE S 2 b 0, (b)11 RS Lz il HHO 4
A FEAE(OGO B, ()10 D% 2 1A DI EE L
THREYE — X T8 L To & (A A~ Y T X)e & O &E i
EHOWCERLE. K2DXHI27 T A, ~vA F Az
it L7z, X 2(b)?D n & 13 neutral plate THEAMRITELA /20,
HAFEAENER g[ml/min/WIE A AFAEE Q[ml/min] % ¥
BHE) PIW] TEI-TZETH 5. Qi EF (= 7 1
v 7 BYTCHIE Lz, EH, BROMBIZB O THHEITKSE
T APEHRREE T 1m® A S HDICET 5 EHE kWh
ELTRINDD, AFEICE W TITE MO EF 2
L/min ® BT, ZZECERNEL V[V], Bt [A] TER
ENDHDOTHA S LT ml/min/W 2R3 5. 72k, R
IS T AFAEZRLE L CZOHRMBPHH I NED TE
D, BEHEL COmmWE KL EN 5.

(@) 2K (BE1E)  (b) 11 B(OGOHY) (¢) A A~ H=AWD

B2 Fx oA

77 77 —OIEANCHES < H AFAEZN R gi[ml/minW] D
AR OROE A7,

Vo RTI  RTI
=2 =6x10 ywv o
r tP ZHpF+ZopF / @
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T, ARV, [ml], B ¢[min], 77 77—
F=96485As/mol, 77 AE%L R=8.31 J/Kmol, ZEHEKSE
p=1.013X10°Pa, =RiR T=293.15K, A A Al zy=2, zo=4 &
L7=.

3BV TEMBROD/ NI VIEE ¢ BRE L 72 H1H
M35 %. $Z 11 HEMmBOES, 50.8mm D& X g M
10mmW B2 T\ 5. £72, 77 75— Ok 58N
N5 gelzxt LTEDERS ER->TWD., ZHEHEO
DTEE LT B OBLE I K - TR & O HHO 7 2@
LLTRETDIZIETEWg Lo EEXD. 5%, F
A DR GINT HFERINTAT VY, 53 THEE DS Hy, Oy DA TR
L EMERT S,

2L, A I ADEE ¢ 1X5510mm BRE DT
g=0.6mmW & 232V /hNEW. ZOMEIXT 7 7T —D gp
=3mmW £V &/ EW. gD gr LD B REL R DDILMN
Imm EA FOFREAME IV & & Th 5.

16.00 - T3]
*2#KOH0.8%
L DOGO(KiEK)
E 14.00 oztkukigk)
=] @24 (HH7K)
‘£ 12.00 X Faraday
E o s
< 10.00
#H  8.00 X
§§ 0
‘R 6.00 ]
X
4.00 r
X X
200 | S\D\g\ﬁ\é
X X
0.00 | * | L X | X
0 0.5 1 1.5 25

2
EABHEFE S [mm]
3 BRI & T AR R

WIC, BREORD & q & OBMRICERT 5. K3 T2
KBRRDAKEA & HMAKIZONT g DIEIZ EIE LT R,
WKERL L7z 3% BHKDEGE, ¢=10mmW Z#Hx 7. =
DI ANTNE Hy X Oy DH T2 < A NaCl 2350 fif S i- i
FHACLBEENTWD., —J, KAITRT XD ICEM
itz X > C g ERELT D Z L3 o dz. X 4 13k

18.00
16.00 | o o)
Z 1400 | 0] A A
= A
£ 1200
e O o
< 1000 |
g 800 tO
;g 6.00 F OKOH
zfé 4.00 } ANaOH
2.00 (. ONaHCO3
0.00
0 0.2 0.4 0.6 0.8 1

BRIREC [wi%]

4 FEx OWHIRE C L T ARERR g DBEMFR

DIVRIE D Wtolf FE CHiEdh 23 2 M BB O T AFEHR ¢ TH
%. KOH, NaOH, NaHCO;(EEE)DIET g DIEN/ME L 7
>TW5%. KOH DA, IRE C=04wt% TH g=16mmW
THAHREV. C>L0%DSEMTIEERIZL T RWAE
TRKELRDD q I TFRDETHEND. T7hbb, &
R & LTI KOH i3 e b L TV 5. 24 E T KOH
BEZ 1020%E DL OTANKAETDESNTE
7O0, BB B0 TEX D L KOH IR 1%L T D
DETHHRIFOEND ER ST

RIANT, A~ H 23 A E T 10mm DL EORREOE
FRFN D PLENC Lo TR IR i A2 R LT
G T HERFBITATHD. PRI, BEREA/ NS T5HE
HHMEES RO, AEL T AT~ A7 03T IR T
ORI BT 0.lmm LA F CTH 5.

7B, W ECOKEMITIIE 3 DL Hy, 0, AT
Cl, bFAET D, A M THE T D7 DITITF BRI O
HEFI LT ARG o B AR OICH 1 B 2 0B H 5.

LSO E LU TIIIBAKEN ADREDHEN LD
WEEBEASVAZRMATS. SV Z2DBRITEREE L,
JEE ¥ 2kHz~5kHz O#iFH T r[Z8 C & A [BIFK 2 7 12 BR %
95. £L T, LC RAEFIH LIEiRindl o mELE v
A THLNTBKFEN A L EROEGE & & SRGET 5.

R FEELUXREEAWZEAKOBER M
S D EhERKFRE L RBT 27200 PiHM 7o 5 &
L CHRWHIRR O BAROD K BARIC LV KFEEFRIRA OmEK
R AR TR A AT

1) BRI & EO T RREAER g S ST, BRI,
Flomm UL TOLEE, g7 7T7T7—Dgr LV HREWN
fEIZ 72 o7

2) AKEBMMOfME L LT KOH 288 bl L TV A0, D
FEIZ DWW TEARERO LM TIE C=04wt% T g=16mmW
THORAEDR g ITEVE L 2o Tz,

¥ 7ak, YWEHE LTz T X E oA il o &
Wb & 4B EREE R OIRBYREE & OBIR T W TIRIUINR
IS AR T2 IR T+ T — 2 6 h
72DT, EROT—<IIEFETL Lotz

BE R

) FrinzxX— IFF<wHh TR /XY A b,
http://www.ohmasa-gas.org/index.html

(2) KH fE—B8 1E3H 54 : Rk 17 FREEAT A 2 05003143-0

[FIKOFALT R —ZFIH LI KFOEPEICEET 2 3HHE
WILE 7B v F o DR SI/KE =RV F — L FE O A REMET
#5] ”, NEDO, (2006).

(3) Moray B. King: Water Electrolyzers and the Zero-Point Energy,
Space, Propulsion & Energy Sciences International Forum-2011,
Physics Procedia 20 pp. 435-445.

(4KSEITBENEAEE TUBE /KSR BEIE)

http://www.ube-ind.co.jp/japanese/products/fine/fine_05_01.htm, F
BlLRE.
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26 ME-3
BL Y XRERAORFEMRICESH (CFRP) OEER4ETM

] LERL RS TE B P

1. #

FUMRZFETIE, #hERICER T TRV XRE] 2 16 AR ICHE L. TE Loy —7 7 —
L) OEFERERD 2011 42 11 A2 BB Lo, 28 1 WIEHE CIXZIB 10 B 18 m ORI, 55 2 W5t

Tl R PR IR LﬂﬁOm@@%k2%@HV/XH$%%ﬁLK%%#ﬁ INTND, 414,
TANF—T 7 —LORERICED D OITIE, BERTHOEME, &SHMETH D KR A B
LMEND D, TOX ) RBLEID, ﬂﬁﬁkmﬁi%ﬁurf@ﬁﬁM@Aﬂ‘mﬁw)®ﬁ%ﬁﬁ
B STV D, JUNKEZZISH I AREFERT O = )L 6 — R T 203 B T, B2 E &R BETE (Vacuum
assisted Resin Transfer Molding : VaRTM) (Z &% CFRP OBHZMZERH LT —~ & L TR IN T
W5, ZOFEERND L JRFSCEE A E‘%E%Er‘ocjcﬁ'%ﬁﬁ%f”ﬁ%?“é ZENHBIBES D, A
Lo RS R RS K D B8 2 2T 7R D2t 2 -l 2 729012, CFRP OEEBRHET — 2 2
RARTH D,

AR BEJIE, VaRTM {EIZ & 0 5 LT EAS R 0 — 8 v/ =R & A G ORI J7 8 O 1
BEREIS ) — O TR AT 5 2 & TH D, £9, EUERARR T Y SR Z W T, EAAHE
J&@h—AR R X EEM D DEIT IO U7 @O FRRERB A IOV mOTAEE (&=
10%/s) TOMEEE TOEMIS I —OTHBERERE L. T OFEMGS ) — OFHER 5 MR iR
B, RREREMEONT 7, WRIERE O T AMEE TOWIN T RV FZRE LTz, RIZ, A A bwa Bl
LUK« POFTHHEE CTOERIC ) — O T HERZRIE Lz, MaBRE ROLRICES x| ELREE S
—R S TARF EEM OIERRFEC RIE T O Bl OS2 B A B~ T

2. BEREEBARK OMKTZE

fEEFF & LT, VaRTM IEIC KV BB S22 &49 3.5 mm DA FRREE  ([0/90/0/90/0/90])s) #1—
Ny /TR EEM A Lc, ZOREEASH OMILBHEN, ~ Y v 7 ZBHHE OFEE & ONHME A
HafA$z, 1IRT, BHEINTIZLY | BEESH ORIET M > THARRIEMRERB A 2 8 L
7oo FARREBR A O ERMEL (B b/ B d) Oflf) L LTFO XD ITIR-HEZIGE LT, ##
HERERBR T TRIC OV T, ASTM E9-89a") #iks TIIAIRLL h/d=1.5~2.0 BHERES LTV 5, AR
JBEEAHM ORE (=3.5mm) BEW-0, ZOMELZMET 2 X I ICERZ/NSHBM T2 2 &
TIREETH D, D00, LA TR 2HEEAIC LY 3&@@(\ MER A/ d=13 L7025k 9
2, EEOSE (d=8mm) ZRE Lz, —J, EREMERBR A IRICOWTIE, SRR T Y v
BB 2 AR HIE L O#DH (05=h/d=1.0) ? I[2A% X oI, EEOFE (d=8mm)
BIRE LTz,

#1 ARBRTHM L7CEEM OEHER, ~ b U v 7 ZlE OFEEE M OWHER TS A 3

Cross-ply carbon/epoxy laminated composite

Fiber HTS40 F13 12K (Toho Tenax)
Matrix Epoxy XNR/H 6815
Fiber volume ratio V; 0.56
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3. ARAELFIR

3.1 MIEMHE % b0 £V 5500R) AT, SIRIC TR - O
IR % 772 - 7= MR & BB b FIERRE BLRIICHRA, —TE 2 B A~y R 1, 50
mm/min TiER T MG 5 & CIEMAM 21T -7, BB Ofismm & - T IEMETE B C o B R
(& B WA ORBE D72 T B 1210, [REEAICH S THRM T ¥ U > & 38R 0w
WA LT,

8:2 RIFVYUHRICLOIEREMRER  @RRR T, JERRAT Y CREEA I L
7o AMERIT. L UCAHAE (IS SUJ2, B 16 mm, £ & 1500 mm) &3TH LI (JIS SK5,
E15.9mm, £ 350mm) 2B ST D, BEERER A e L O BB SA ATl
DEHT D, ERRURER &Rk, BRBR T OmmEICIEI LEH Y Y U ABAA LTV 5D, AR TFIE & O E B
FOFEMIC DWW T, WP EE OSTRE SRSz,

4. BEBRERBIUER

HE X OERIEMIS ) — O 2RO 2 | [ 118 T, ERPVEERER, —S8RsHhHod
BIERERER, B MEOF 2ok E RO R A R LT 5, “ORED . OFLdED 5 & LR
JEREHREE (BORIEMEIG ) (XHE T L TV 5 2 Ebind, MIREMRE o & EERO O %
WU (& = o0/t 3t REESBUSRSZD (X LT 0y b LIk E B 210 (BIRERTO T 2 oc
MBI O 2 TOWIRE R UciZ oW TR, MR OME L, BHIK2), MIREMERE L, H5
RED T HHEN EFFT DI OoNTHEML TWD Z ERbnd, 2k, M Th D RF 5 ICE
B OB L 550 Th 5,

1000 ——————— 800 ‘ ‘
= + |Cross-ply CFRP = | |Cross-ply CFRPl Instron | SHPB
S so0f i ¢ I o | e
< d=8mm —— £=790/s _ (hid=0.4) 2 600 1
S —-— £=8.0x10%s (hld=1.3) | 1 o L ”
-=== £=1.6x107s (h/d = 1.3) S I o)

@ 600 | .
o = I ©
k7 X: Failure g 400 Q)
2 400 <R A £ [
(7] /‘ e \\ .
3 Pl .. 2 r
5 s ST © 200
g 200t / .~ RN N £ I
Q e N AN =)
o /4 N .ed >

0 0.05 0.1 0.15 10* 10° 102 10" 10° 10" 102 10° 10

Compressive strain & Strain rate at failure & (1/s)

B 1 EARMEEEASH ORES BT 5 X2 EARMEEESHORESIZBIT 5

FREY - B EREIS ) — O A B AR FRIRERE R EE & O Al FE D Ba£%

FBRE AR AR EE 0 O 2 (R A7 4 529 572010, BT 0 FRIIEE — FOBE 2R o7,
B 3K - PRIOF A, EREMHRERE ORB OTHEZ/RY, K - FEOTHEE T TOMET
—FaEBD L BN ORENPFAELL 45 HIURELTHY, = MY v 7 ABRHBTOE AN
WS S F T B, BT B IR D IIAA T & A S DZEN (H ) RO 5 IER
ANV AERO R LZT T, RBA DRSNS 0T, e — FEBRICERT 2 2 LN TE RN
(M 3 DA D 27 H), T I TAHZETIE, M3 GHAK) (TRT &5 2 EAalFERA Y —7 (M
B 1 SUS304) =3B ORIy 2B X 9 ICHIBROSIRIIZIY #1102 2 &, BRI O
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BEIERE AN L A TR L2 RICE U ERMEMER L (& 5IS#R Y IR LIEMAM SV A BIER L
fib\) LT RLEE, ZOFEZEMNT DL L. fﬁﬂﬁ;ﬁ@}—%ﬁﬁﬁ/\/VZ@ﬁf“J—i%Lf:aiﬁ%ﬁﬁ (X3 »
Foi) AR TE T, BEEE— FZIEMRICHAND Z LA TE D, @ OMEBRIEMER ThiS 7B
A LT UE, BT — R RETZORP SN D, K3 LY, OFTHEEICL Y| T —
NIZRESELLTND Z ERDbND,

3 HiAY - HERENERBRE ORMBR A D EE

5. #&
EAZFEE I —R TR AWM ORET A O « ESOTHEE (6=107°~10%s) TOEHE S

—OT R BERIR T % 0 Y UBRER O VA ha Ui A U CRMi L7, £ OfER, &k

D& eiEiw a7,

(1) OFTHEEN EF-T 212200 T, MRFREAER E K OWRERJEAE O3 7 F C O = RV 13N
D05, WRREREOT LT NI T 5,

(2) OP I L0, T — FIZkE < BT 2,

SE 3
1) ASTM E9-89a: Annual Book of ASTM Standards, Vol.03.01, American Society for Testing and
Materials, Philadelphia (1995), 98—105.
2) G. T. Gray Ill: ASM Handbook, Vol.8, Mechanical Testing and Evaluation, ASM International, Materials
Park, OH (2000), 462—-476.
HREARBE
1) IR, ML B, BROTT, HIRER  EARE D — AR AR AR ORIE DT [ O TR
M) — OF BRI, AAIERERMRA = B 5 46 BUST) - O HRE &R iG> > R 7
A EEm 4R (2015), pp. 23-28.
2) THEIW, ML B BT, IR EARRE ) — R AR AR ORRIE DT R O
Mized, RAARERNTFET e 2014 4FEERGEHRSHEER CHE, No. 14 (2014), pp. 297-301.
o E
- WFEREE S UL B (MILERRORY TR B X T A TR
- BRgEWE IR BE (RLERRE T e AT A TR
< WHEWHE S B T OUNRFERER REBE LN WHEBEL LR
< PFTAAHEEEAN B Rk OUNERS: ISHIJIEAGERT B koL 58— J13500)
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26 ME-4
AN AL T A NEULE Y ERRE AR OEH & B il

KT T B L
K E, HEE
1. IC®IZ

TR N —EERRT 2% —T 7 /)P —DRFEKTH D KEEMIT, K2 X
b, BIRERDNBBELEENTWD, TORTH, FHHMETH D CuZnSn(S, Se),
(=CZTS, CZTSe, CZTSSe)lx. In°GaZED LT A X )V aE&E 3, H oM cE N ER
FICBBICHIDEKa A FTHDH, CZTS ZARMEMIL, 5 EMBREDOR THEREIC
WFZERA D3 2. CZTS:8.4%", CZTSe:9.2%”, R TdH D CZTSSe:12.6% &9 78
POHRPER SN TEBY . F 1% UL EOHOERLER L TWDH, RAICEDNEL E
T D7D, T3 ARSI T 72 IR L RS R RIS L OV e v W T S PEREAT
EWVI ISR MBI R CERE o TS, — T, 2 Th 5 B
iR M OB d 2 T D T2 R M ST I T IE & A S ST ey, SR M &
KDLGE., ZREETHEHRS BEREERZHWTGHMET 2 2 ENEARTH S,
Foxld, N E TICEBIIETH D CZTSSe HAk ML E i 2 My L, HAESL 2 v
BRBEA D= A LBELEFLE LEREET-TE *Y, HhbEmhRctelt
TIE T AZ2HE L, fEHT57-012FF v U 7 OEARELEREZBET 5 Z
ENMETH D, FFIT CZTS ALAWILE A IR LD T2 8O AR UL o 5228
ITRENVWEEZND, AF. BEIEREZ(L) O AHEGELZ 5 O 7 EE O UL

W Z AW T CZTS (LEMDEGELA 1 = X L& %,

2. RBFHIE

CZTS-Sn # o RIREERIT, RZEZGE (DTA) & BREZEZ W TR O
1To7-, FHOREIX., & mol EEICKIT DKM ENSANRE., B X BEHT
(XRD) . BT —7~A 7 a/yHr (EPMA) I[ZX VT 21T >7-, CZTS HifkE
malx, BEe —% —E(THM)Z HWTER L 72, JIERE 20~300 K, 45 0.55T @
M4 F T Van der Pauw EZ FH W T Thivi-, o7 %4 XiE, 5 mmx5Smmx0.5 mm

Fig. 1 AA—/VHJIEY 7L

Fig. 3 CZTS B A > = v k Fig. 2 CZTS-Sn # —u RIRAEX
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E L, REITHE 001 pm @ ALO; ¥yK CHFEE L7z, Fig. 1 IZEA 1 mm, EX 200
nm O Au BEE Y TV OMNAICEZEFEEEZHVTHER LI v Z2 7T, Au
BT A — 2 v 7 Bt EoR U, KB OEPUEIIS & B2 s S8 —Th
HZ iR L TN D,

3. MERLEEBE
CZTS-Sn #t R IRRE % Fig. 2 1279, mol I X 132 HWTHEE L,

CZTS [mol]

X[mol%|=
[mo A)] CZTS [m01]+ Sn [mol]

x100 (1)

CZTS 7% 30 mol%LL F D Sn WHRIZEB W TIL CZTS FH & “iRFICH4 EE L. 30~60
mol% DIFIKIZ I TIE SnSAH & CZTS FRIZFATBE L 72, 60 mol%LA Bz W T
HZ CZTS 28 Sn I BT R o N2 o7, fERE LT, 60 mol%Lll Ed SniE
W, FEIRE 780~980°C (23T CZTS HfEMKRENARETH D Z L2 X DT,
CZTS 128V T 60 mol%LL N Sn IHRIZIHB W CTHIZ EEA L. Sn 4 & SnS AHIZ CZTS
R CZTSe LV HLIELEN/RKEWZOESICHEE VFEREEDOHTIZ/ 5, 70 mol%ia
R, FCEAIREE 900°C (23T CZTS HFS &M O Al 7 ik fu ik B4 & LTz,
CZTS Mg+ > 2> % Fig. 3 127”7,

Fig. 4 CZTS B K XRD /X4 —>  Fig. 5 CZTS Hif kA Raman A7 kL

CZTS HiERM DR XRD /X% — % Fig. 4 (¥, (112)i = 28.53°, (220)f =
47.33°, (B12)f = 56.18° CEE/R ' — 7 #H 2 TX | ICDD /3% — /(00-026-0575) &
—H L, FE—7D0R M LI FESIT., alih = 5455 A, c il = 10.880 A T&H
D, ZTHIERESNTWD ol =5430 A, cHili =10.850 A L BW\W—F & RLT- Y,
Figure 5 (2 CZTS ¥t Raman A7 hVaERd, A (ZnS) O —7 & CZTS
B — 7 M@ ANEIEE U728 Raman JIEZ1T-72, 287, 338, 371 cm’ (& —7 &4
2L, ZAITERE —HLTWD 7, Cu-S LAY, Zn-S LAY, Sn-SLEaMDdE—
TIIBE SN o7z, LA - T, XRD & Raman 43 JGHIED> S CZTS HAH BRS b
DIFHILTWD &l L7z, CZTS Hiffdh® EPMA MR HTIE. fEdb AR 7 mIcin
STHUEHS 5 mm g Ty —RIchy bL, WEZIT-oT2, ATy MK
(272 D ARIEE — Tdh > 72303 )2 Cu-poor, Zn-rich #HEL TH 5,
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Fig. 6|2 CZTS BifEdh DA — VBB EEIREZS LA 73, 100 K BLFIZHW T, BE)
FEIZ~T, |EATICB O TE~T 1T L, A 2RKIRICBT 51 4 LA
WEEL~T LRI D 7 1 ) D BEST 2 W RS 2 HIIREETH 5, Fix
19" TIZ 100K UL FOIKIRTIE, Ay B ZmE@Rn KR THs 2 L. 100 meV UL E
DIEWKGYEN 2 FFH> Z L Z2HELTWD D ZRODREEND R Y B o ZRECR
M EED Q) & FIERMDEEL uv KB). ZICHRMENTH 2 72 DM e WL
upo (4). BT BEL pae vro NONT 7 4 7 U BUEL & FERRVE L S HGEL &2 BV C A L
AT =R LA~T T a—F 2477 310,

= e (-) 2
nul_ kBTeXp kBT ()
3 m*e3 3

BN = D 0e.eoNy 13 ®)

Hpo = 25.4

TY2,1 1\
—(=-2) omyer -6 @

o &

2
0-5 puS(0,n,T) 7-3/2

Hac,npo = 3.17 X 1 3)
(m*/mg)5/2E? ¢
B kBHD< 14 )1/3
S0 \enz

56,n,T)=0+An?

HZ
e?—B

n= (ENPO/EAC)Z

DITEH. WITHR v B T2 NN F— IgldAh Y~ B & ex& glIZTNZ
EERICB T DEER, WFEER, EEETOFER, Ny THERSHMIRE, 6
T T 4 7 R, m¥ I IAEVEE,. G@)IXZ 7 Ly FEEEL p 1TEE, u 13
Vg, Opl 3T AR, Vida=y MEIE. Eic & Expo 3T & TDEALE T
YUX v,z =0/T. H & B X Ref. 11 WHRD7=, 2 F—FLVOBEIE 4 1
Mathiessen DOERZ AW TEH L7z, Table 1 [ L72/8F X —H Z”d, KrlC=
BATHTICBWTIE T + /7 HGEL & FEMME P RGELEBFE S 70%LL B2 B HFER & 7
V. etk EAMER M A M ES LD FBEETHL I LR ootz B
EFENREZER T DIOICNER S T =— L HIRWKKGIEN. 2T 5 S 22L& H)
FIL P, MmtEEm ESE L0 TETHLFLEAKILBER» DR T
o
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Fig. 6 CZTS Hiffdh O A — VIS 8h R 21,
Table 1 fEH L7237 A — X {A

4. ¥& ¥

AMFZEIL, BE7e CZTS iR 2 My L, B o kg T, £
TEELERMOE T NE N CZTS OIEHEYMEEZH NI THZ EE2HME LTV,
CZTS-Sn # o RIREEM ZERL L. 70 mol%® Sn I&#E. FEIREE 900°C 2B\ T
THM 7E%2 HWTRE 7 CZTS HffdEICKII Lz, &y B 7mE, PRy
BGEL, PR EGEL, BT EGELD 4 S OEEL Y v ' X W T — LB EE IR E 2L
MO EFRELA D= X LB LTz, KFETE LN RIT CZTS HELZM M %
T H5I)ZCEERY 77 LU AIZRDEEZTND

5 | SCHR

1) B. Shin et al., Prog. Photovolt: Res. Appl. 21 (2013) 72.
2) L. Repins et al., Sol. Energy Mater. Sol. Cells 101 (2012) 154.
3) W. Wang et al., Adv. Energy Mater. 4 (2014) 1301465.
4) A. Nagaoka et al., J. Crystal Growth 341 (2012) 38.

5) A. Nagaoka et al., Appl. Phys. Lett. 103 (2013) 112107.
6) L. D. Olekseyuk et al., J. Alloys Compd. 368 (2004) 135.
7) K. Wang et al., Appl. Phys. Lett. 97 (2010) 143508.

8) S. M. Washim et al., Phys. Stat. Sol. (a) 82 (1984) 553.
9) T. Irie et al., Jpn. J. Appl. Phys. 18 (1979) 1303.

10) H. Ehrenreich, J. Phys. Chem. Solis 8 (1959) 130.
11)J. D. Wiley et al., Phys. Rev. B 2 (1970) 427.

12) S. Chen et al., Phys. Rev. B 81 (2010) 245204.
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26 ME-5

RREBOENA B ORI & 2 OFFAHiE DORESL

15N R A 350
BERERE I R il B
JUIMN RS 1k 4e i

T

1. B

B — R ABHETRIL AR Y ~— (CFRP) ZIXU®E T H8E « @ifEEAMENT, REMNIZ
FEEABA~ER SN TS, —flE LT, CFRP % FECMAKRICE TRIAIER L, HAM
ﬂﬂ%Ligwﬂ%%éwé LTl oo th kK B78T N b, £, Amx
T ARG, KIRO BB EMAEMEHZ S FRP B EHI—HFIH S Tnd. EE
MEEHIPER D &R Cm 0 T R 2 B BT 2 © O TlidZe <, BRIk E4 2 & 1
WEETOFEL OO HEARk) Tl Tk 28T LWME - & T
HY, ZTOMEHBROMEMEIISHROLIESIEE > TV b0t PREND. BEO T v
TA4TELT, Av—bhaliRYy b, ZJUV—=vaikRYy b, F//avRyy bl
Y COMFEENE STV .

—J7, W& - BEMEESMEIOMZE, BEIFESEA~OISHR IT HEifORREIC X 5 1HE#
BOBKITHE ) @dEEOERIZoON T, ERENSETETEERIN TS, SlEE
ERBTDH-OIL, vA 7 vk o I U ERIRAS~OmWERBOFHNEENL TV,
INHOAIZHTZY, FhE D &I U CERE O & FE N T E N ER S, HeR

hﬁ%@k%m@ﬂﬂﬁ%méhé F 2T, JNHPH O JE B EAEIRIC o7 B RN 0
NI EAR IR TH Y, Sk bigx BEMEIND. AU CrImMERE O BRI ik
B - HE 2 BT 5 & & bIC, ERIGIERMERE ORI T kA ML T2 2 L 2 H LT 5.

2. ERFIE

OFBHMERL A 20~30nm(FIE> 95%) @ — AR T ) F 2 — T (MWCNTs) J OVA
£ N,N-dimethylformamide (DMF, 99.5%) % F 7=, #f/I5(Z1% polyurethane (PU)%
V2. MWCNTs Z DMF (245 &4, DMF &4 @ PU #Hig & i d USRI Ty —7
BAKRIZRDEHICTRLE. B 25 CNTs A (3,

7, and 9 wt%) LK TVE X (0.1, 0.5, and 2 mm) %1k

FLU7-. D720, PU DB OREE /ERLL 7=,

T, Bb LS — b SEEAER L.

OEBMEDOFM CNTs [TENTEEMEEZ AL TWDH0,

RY~=—EDF JBEIZ L VFEERME L 72 5. Fig.1 The measurement of electric
DT OMEOESEIUL CNTs O&A &ITIKGT conductivity.

. ERIEPIOWEL 4 FEZ O (Fig) .
O%M&ﬁﬁwﬂﬁ R} 0D FE R AR R R 2 R
% 1= O BRI T %) S (SE, Shielding Effectiveness) % I
7B L7z, SE I3 EHI AN 2 Bk L Mrik &k 0E
Wl DR TR IND . ARELEE OB % Fig.2 (<
At JIE AL 0.5-18 GHz THh 5. £z, FEIHIERL
BHEIZBPRIOMIENE, BRI S MO GS S 82 BT
S, AERR LI RO G &V, FFBREORE bIT- 72, shielding measurement system.
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B OLLFER, WEMER X OHEEEONEY, ErRoREE IR EEZ Y 1) 5
ZllickoTHIE L.

3. WRBIUOBE

OCNTs F/ a v Ry y hoOEEMK

Fig.3 (2872 5 CNTs & A REICK T 58 EM %
5T, CNTs | wi% DA, EHEMIL 1.26%107 S/m T
HV,PUBHERAD 10 HTZERZW. F7= CNTs9
wt%D%5,35S/m L 72D, 1 wi%HifR L/ N —a—
L—ya VEETHLZ Engnd.

& EREBER R

Fig.4 |Z CNTs BRI X HER L8 (B&
2mm) O ERLI IR FL(EMI SE)Z 773, CNTs &4
FOWENEN, EMISE N FE LML TS 2k
NornD. CNTs AR 3 wt% DA s, SE O A
1L 7.7dB THH 7228, 7, 9wt% DA, T ZE4 17.3
£ 285dB & 72V, CNTs DUSHNC X 2 BRI IE#h
EPRFELWZ EnNFGoniz. £, mEREERIC
BWTIEE HIZmWIERRZIEDH Y, CNTs 9 wt%,
JEH 16GHZz (128 T 35dB & 72~ 7=,
BVEMEO SE FRNZIE, Ui 5. Fig.5 Fig.4 SE of CNT/PU composites (thickness 2 mm)
I L PR O AT S . — o, uld with various CNT loadings (3, 7, 9 wt%) .
BT, o (PEEE, (IIEEHTHS.

+8 7drduc (1)

M6 FRMEITEREE TV B2 R LTS, AFRIIAD
BRMER RS NI,

Fig.3 DC conductivity of CNT/PU composites
containing various loadings of CNTs.

SE =39. 5+1010g

4. ¥¢9

H—RrF ) Fa—7 (CNTs) 274 7—L L, i
BZATV, PU LOEEIKIZE Y CNTPU -/ 2R Yy b . ,

Fig.5 Comparison between calculated and

%EU@‘ L7, AR O BRI R R R 1 A T Y experiment results for the SE of CNT/PU

WEHIE L, FEBERM TIAEITV, BASS L7 Rl o MRE S composites of CNTs 7 and 9 wt%.
BEMTI L=, CNTs A EOHENMIC X © EREEERh R
B MESNTZ ERALNE ST, £, T/ 74 T7—Oh—KRF ) Fa—TEFMTHIET
ERIFFEIRE S HEIN. N—a—1L—3 3 VEIZCNTs GAF Iwt%rik & 720, ot/ 77
A N— (J=& ZIX VGCFs) [~z ST,

5. HFFAERk
WFFEAAE 1. (BN 2 i RE R R R B (FgefREs)

2. WNIRZASH 12T IE AT R
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26 ME-6
FLEIRILF—T Y MAOEXRMZEEORAIICET MK

IR RERAGE T AW 2L X — -« BRETARM
¥z AT e

1. #AZREH

B, HELEREAFEICREINDG LI, TDEFLIAD AR EFELICZ RV =T 7 v 2
WL, BHRNICEETHARI AN Y =2 KT 2702 27 P BEFTCETHRTH 2, FEROENE,
L2 Z 2156, TAINVX =77V FANDODAPYEDERETFRIZOVTOBHN 21T ) BEBH D, Z
D e LT L2 @l cRIT T 2 iz R Bm N E 2 o s, WERLEDA v 7 73R TH D,
K22 % AT T 2 72 O GRS AE O BPUHEEMIZERE LI D S 10~ 20 Z DRI L6, FHEEL
T7 7V b ClRAEENTHRET2E—y—%2HHT22LHTELTHA ), AWFETIE, 29 LA
MG 2HIAARERICBI L T, Z2 D4EABI 2 o 72 KGR 2 170, 2 022 RSP RITA
EPEICOWTHRF T2 EZHNE LTS,

2. HZTHEL
K # T e % # & - Y
b | RRRFERAGE LA = oL ¥ — - BUEARM | B (=
O IKE | NS RAREBE TATFe it ik - B A 7 L5 | flid 148 LA

R 3P | IRRRARAGE TADIURE ik - B 2 7 A | (B3R 2 4 | Fhralsh

G % A B REERAAGE LA RE Wik « Bl R 7 A8 | (B3 2 4 | EERfl)
i it JUMN RIS 1A FE T HEH ESt i LispEl
3. EEROYE

3.1. HEERER(ICDONWT

FHOX, AP Bous &I et EAMIm AR (1) 28R L TR, X7y Bimze
V7B ETRL &R 2l L CRRA kGt 2T o T E . ZORER, Figl ISR P - T —
=1 Z L CEIGIR (NACA0006) ZH T 2IRICES T2, AHFETIEZOER L Figl IR L7
TARY M3 OHMAEERZ R E L, BHEEKICE T 2R ERIT LR 2B Y ES
GOV TS T L7z, Tablel ICBMRIOFERIGZ /RS, KPRBEEIIHERE FRETEZREZN
U=2213 m/s (Re =5.3 x 10°), U =2.500 m/s (Re = 7.4 x 10°) ICEEL, EEizfro7.

Tablel: Principal dimensions of wings.

Rectangular wing | Main wing
Chord length 0.24 m 0.30 m
Span 0.72m 0.72m
Project area 0.17 m? 0.15 m?
Velocity 2.213 m/s 2.500 m/s
Fig.1: Wing models for experiment Reynolds number 5.3 x 10° 7.4 x 10°
(Left : Main wing with end-plates , Right : Airfoil NACA3409 NACA3409,
Rectangular wing). NACA0006
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3.2. KHABRMHERICDWT

JUMNR2ZIG F 12 AR GE T IT A O DRI AR 11 22 UK IC B W CHEBRZ T - 7. Fig.3 ICEBO L v +
7w 7R%ERT, Fig.l 1Za L7 BAELIL, EH 50 kegf DM 2 AT IC 2 DF%E L 72 il Bh Rk,
A7 F— R4 L TORPICRE L 72, KB COMAREDESIATA 2 M, TAREONEE 2 v 9 —
MR, ASW-5A, E £5G) Z2MHAL, U7 A—ICWO TSN+ 7 b 2 ElE S w70
ZERELT, M ESNNEREZ AT ICAHT 2 2 & TP COUfRELRIT-> 7. £72, AKhICIZE 2
m, =& 5 m DMK Z RE L 7. b ik, BolEgrmic 74, Brhde & B oET /5 mic
6 K9 OHS & v — GEMEZESR PS-05KD, 7EH 50kPa) % 3iE L 72, Fifig# & R3O\ Tl k%

720 mm

240 mm

EFERM I, BN X D BISETT 23 25009 2 LRI IS, BR51 7 ADOE & v ¥ —TiE
TRICBRIE L 72 6 ROHEEHC X D IEEFE WA 25 L 72, FHINE KRS X > THIFE S e i
D DIEEHWIGEHEAN; (Multifold Method)[2][3] & IEE & HEAIFHANCIGH L 72, 8EKEIT DWW T,
2 BRRICIE L T 5,

E7e, REETIE, BRIy 7 F2ID AT S —
Fig2 ICRICREL 2% 7 b2md. BIPF g
NO¥ELEZ T WE 1 OFT JAZEAIC3 e 2 i
THD AT 72, TRAT R BE I & Bt £ T

Sh(m)Za—FEc(m)Dih/c L LTERE

BIEN 2R L, & 61, il Heave A2 1T C &Ik ), BIBATIS WM &, e e
P BIRERAI & 2 R TV, SR A RAERRIC BT T S5, SPEREICH L C 1% DIF
2 & CHIRIAIRINIC 51 BB b o7z,

AT ORPID S RIHCH T 240 mm B L L n&%_ﬁ

LTH D, MFEEE LM% 2 N T B S CHRBE o 7,

Fig.2: Tuft for visualization of wake deformation.

F(F) Radiation device z(4)

(F) 3- N |
Fa Toad cell (50kgf) . Ground plate (5000 % 2000)
M 0
i - =t Pressure sensor (X7)
=
owing ;a"'age \ (Steady pressure)

= Shaft for setting
angle of attack
2000 1S s
Sward /
1000

T

920 Acceleration sensor

SR (KYOWA ASW-5A) X :
Towing direction for setting angle of attack Fbenssstuer;dsyeg?gsrsg r(_:.] )2)

(2213 m/s)
v _Q 5000
Ground plate h/c

\ Pressure sensor (X 17)
(KYOWA PS-05KD)

Fig.3: Experimental setup for towing tank test.
4. HimEtE

4.1. BEREEXETSHZE

225385, KIS IR, FRRNME, FERIER D BRAR
Wk EARE L, B5Ee —EEE U (m/s) CTilEtr#E
2% 2 5. Figd \CYREEHEER 2R, Sy 13Yk
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Fig.7 : Steady pressure distributions over the ground plate
(Rectangular wing of a = 3.0°, h/c = 0.30, Re = 5.3 x 10°)
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Fig.8 : Steady pressure distributions over the ground plate
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Fig.10 : Aerodynamics properties of rectangular wing (h/c = 0.30, 1.00, Re = 5.3 x 10°)
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Fig.11 : Side views of the wake deformation of rectangular wing ( Left figure : a = 3.0°, Right
figure : a = 5.0°, h/c=0.30, Re=15.3 x 10°)
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Fig.12 : Top views of the wake deformation of rectangular wing ( Left figure : h/c = 0.30, Right
figure : h/c =1.00, a =3.0°, Re=15.3x 10°)
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1. INTRODUCTION

Total hip arthroplasty (THA) has been the most suggested treatment for later stage of hip osteoarthritis (OA) patients.
Several demographic risk factors were reported contribute to the disease such as elder age, female gender and body
mass index [1]. The challenges in promoting long term stability of the arthroplasty are still continue and investigate
towards clinical, experimental and computational study. In computational discipline, issues of stress shielding and bone
remodeling were continuously discussed and predicted. Both factors were believed to contribute to bone resorption,
bone growth and hence lead to implant instability. The presence of hip prosthesis stem has created a mismatch in the
elastic modulus of two materials inside the bone. Alteration of stress-strain stimuli in bone will increase bone resorption
stage and initiate bone remodeling [2]. Understanding of biomechanical behavior for human lower limbs will be benefit
to predict long term performance of hip arthroplasty and gait stability. Thus, the objectives of this research were to (i)
develop 3D inhomogeneous model of lower limbs with hip OA and hip arthroplasty, (ii) to evaluate the stress variation
and adaptation of lower limbs on both cases and (iii) to predict bone remodeling behavior on the resulting bone mineral
density. A weight load distribution of quiet standing is considered in the analysis using the finite element method.

2. FINITE ELEMENT MODEL

Computed tomography (CT) based images data of a 79-year old female patient (with hip OA) were used in developing a
3D lower limbs model. The model was designed to be inhomogeneous material using commercial biomedical software,
Mechanical Finder v6.1. Distributions of Young’s moduli were predicted using the Hounsfield unit of the CT images.
The FE model of lower limbs ware consisted of sacrum, left and right ilium and femoral shafts. Bonds between cartilage,
acetabulum and femoral head, sacrum and ilium were assumed to be rigidly connected. Three dimensional models of
lower limbs with hip OA and THA were illustrated in Figs.1. CAD data of total hip replacement were imported and
aligned to the hip OA limb (left femur). Interfacial connection between implant and bone was considered as perfectly
bonded. A load case of quiet standing was considered in this study. The posture in the foot side-by-side position
contributes to structurally and functionally equivalent of the lower limbs. A 60kg load of the patients’ body weight was
applied at the cross sectional sacrum and fixed at the distal of femoral shafts, as shown in Fig.1.

3. RESULTS AND DISCUSSION

The body weight of a patient was transferred to lower limbs and distribute to left and right limbs, symmetrically.
Findings in this study showed that the stress variation was differed between right and left side as osteoarthritis occurred
at the left hip joint. Cross-sectional observation of maximum principal stress was illustrated Fig.2(a) and (b) for lower
limbs with hip OA and THA, respectively.

Similar pattern of stress variation was indicated on right femurs (healthy hip joint) of both lower limbs. Higher stress
were defined at femoral neck and well distributed along the cortical bone shafts. Left femur with hip OA indicated quiet
similar pattern of distribution but in lower magnitude. Different pattern of stress distribution was analyzed in left femur
with THA. Major load were dominant in stiffer prosthesis stem and lead to stress shielding phenomenon. Presence of
prosthesis stem in lower limbs has created a mismatch material inside the bone and contributes to biomechanical
instability. More loads were transferred to stiffer material stem and concurrently reduced the stress at the surrounding
bone. Changes of stress variation on left femurs between hip OA and THA were demonstrated in Fig.3.

60kg

Fig.1. 3D model of lower limbs with OA or THA, and Boundary conditions
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() Hip OA (b) THA
Fig.2 Maximum principal stress variation of lower limbs at cross-sectional anterior-posterior (A-P) view

Fig.3. Stress adaptation at left limb Fig.4. Highest magnitude of principal stress in left limbs

Two different regions were identified to experience most differences namely proximal and distal region. Fig.4
indicates that the stress adaptation occurred in both regions. Magnitude of maximum principal stress in THA was
reduced up to 56.36% as compare to hip OA at the proximal region. Unlike proximal region, increament of stress values
were indicated in distal region at 39.08% and was expected to promote bone thickening. Less stress that predicted at the
proximal femoral shaft may promote to bone resorption and become weak at the respective region. While in the areas of
diminished load, the skeleton preserve as much bone tissue as is necessary to sustain the low load level. Normally, the
skeleton in the unloaded areas was weaker and at high risk of fracture under unexpected high force.

4. CONCLUSION

Development of 3D inhomogeneous model of lower limbs had appropriately contributed to predict body weight
distribution and bone adaptation. Predictions of bone resorption and bone loss were defined on the resulting principal
stress and bone mineral density on lower limbs with hip OA and THA. Reduction of stress in THA limbs as compare to
hip OA limbs explained biomechanically the resorption phenomenon. Both affected/non-affected and operated/non-
operated limbs presenting the changes and experienced bone adaptation. The findings were expected to contribute to
gait instability and adaptation of the patients.
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. INTRODUCTION

For a large bone defect caused by tumor or cyst, regenerative treatment should be applied to reconstruct the damage
bone. Autografting is the standard treatment for such bone regeneration, however, limit of amount, excision of healthy
bone, and pain at the excision point has been problems to be solved. Therefore, artificial bone substitutes made of bioc-
eramics have been developed as a substitution for autografts. Calcium phosphates such as hydroxyapatite (HA) and f-
TCP have been utilized to develop artificial substitutes because of their similar chemical structure to inorganic compo-
nent of bone, therefore, excellent biocompatibility. However, the rate of bone formation by the bioceramic substitutes is
usually much lower than that of autograft. Development of functional scaffolds is one of the key technologies in bone
tissue engineering. Recently, scaffolds with drug release function have also been developed. In the present study, bioc-
eramic/biopolymer composite scaffolds with drug release function were developed by using the template method. A
commercial drug, statin, which is known to enhance bone formation in vivo was introduced into the composite scaffolds.
Micromorphology was observed by a field-emission scanning microscope. Compressive mechanical properties were
evaluated to assess the effect of polymer coating on the properties. Drug release rates were also measured and effects of
type of polymer and type of statin distribution were examined.

1. EXPERIMENTAL
Porous HA materials were fabricated by using the template method. The HA porous materials were sintered at 1300
°C for 3 hours to solidify the structures. Bioabsorbable polymers, PLGA (Gunze Co., Ltd.) and PCL (Dicel Chemical
Co., Ltd.) , were dissolved in dichloromethane (DCM) , respectively. Powder of Fluvastatin Sodium Salt (thereafter,
simply called “statin”) was then mixed with the polymer solutions. The HA scaffolds were immersed into the solutions
and dried completely to obtain polymer coated HA scaffolds. Those composite scaffolds are thereafter called ‘statin-
contained type’ scaffolds. On the other hand, polymer coated HA scaffolds without statin were also prepared. Statin
powder was mixed into distilled water (DW) and the polymer coated HA scaffolds were immersed into the statin-
contained DW and then dried completely. These composite scaffolds are thereafter called ‘statin-adhered type’ scaffolds.
The scaffold codes and the compositions of the coating materials are presented in Table 1. The microstructures were
observed by FE-SEM. Compressive mechanical tests were also conducted to evaluate compressive elastic moduli and
strength. The composite scaffolds were also immersed in phosphate buffered saline (PBS) solutions at an incubator hold
at 37 °C up to 3 weeks in order to measure the release rate of statin. The concentration of statin in PBS solution was
evaluated by measuring the absorption rate using a spectrophotometer (Shimadzu Co. Ltd.). The surface morphology of
the specimens after the drug release tests was also observed by FE-SEM.

Table 1 Materials

Cag e e
HA —

HPS1 Statin[1] / PLGA[1] / DCM[98]

HPS2 Statin[1] / PCL[1] / DCM[98]

HPS3 PLGA[1] / DCM[99] + Statin[1] / DW[99]

HPS4 PCL[1] / DCM[99] + Statin[1] / DW[99]

. RESULTS AND DISCUSSION
FE-SEM microimages of porous structure of a PCL/HA/statin composite scaffold and the surface morphology of
two types of the scaffolds are shown in Fig.1. It can be observed from Fig.1 (a) that a continuous porous structure was
well developed in the scaffold. The porous structure is very similar to that shown in Fig.1, indicating that the porous
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structure of PU sponge was well transferred to the composite scaffold. Statin particles distributed in PCL are seen in
Fig.1 (b). The particles tended to be aggregated and PCL formed a kind of mesh structure. In the statin-adhered type,
aggregated statin particles were well attached on the PCL surface.

The compressive mechanical properties are shown in Fig.2. It is clearly seen that all the properties, elastic modulus,
strength and SED, were effectively improved by introducing the polymer coating on the HA surfaces. The modulus,
strength and SED of the composite scaffolds are about 1.5, 2 and 6 times larger than those of pure HA scaffold, respec-
tively. It is also seen that the difference between PLGA and PCL coatings is very small and almost negligible. The
effect of the type of statin distribution is not very significant.

The results of the drug release tests are summarized in Fig.3. It is obviously seen that the release rates of HPS1 and 2
were much slower than those of HPS3 and HPS4 because statin particles attached on the polymer surfaces are easily
released in PBS solution (HPS3 and HPS4), while the embedded statin particles within the polymer coatings are not
released until the polymers are degraded or statin particles are decomposed into PBS solution. It is noted that HPS1
exhibited higher release rate than HPS2, corresponding to the faster degradation rate of PLGA than that of PCL. The
times when the amount of released statin reached its peak value are about 10 days for HPS1, 20 days for HPS2, and 5
days for HPS3 and 4. This experimental results clearly show that one can control the drug release rate by changing the
type of polymer coated on the HA surface (low or high degradation rate) and the type of statin distribution (contained or
adhered).

Surface morphology of a HA/PLGA/statin composite scaffold before and after the statin release test is shown in
Fig.4. It is clearly seen from the comparison of the top and bottom figures that almost all the statin particles were re-
moved from the surface. Also, the surface became very rough, indicating that PLGA was degraded in PBS solution.

A coating
Fig.1 Porous microstructure and distributed statin particles.

Fig.2 Compressive mechanical properties. Fig.3 Variation of amount of statin released.

(a)Before (b)After

Fig.4 Surface morphology of a HA/PLGA/statin composite scaffold after statin release test.
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1. &

WA, AEBIETESIC X 0 HE L g okt UG T2k g AR OBKRICH A RF S Tnsd. 728
ZIE, BEDOERLHE N DEHCEMIEZBEL, 77 ead—7 kTR, BERICHE S D TENT T
P TW5b. LnL, a7 —47 70 g iz v invitro TYERL L 72 BR800 1L, EBROARIE 12t
R & TIFRED S TH D T8, RE Y N R B EOFHAEIZRON TV D ONRBRTH H. ZILE TICEE DI,
ARG O HFEAEZ A ESE572018, SBEAEROHFREEMELE LT, ag—4Frrrbas—4F 0 2R
>V (Fig.l(a)) & ML A& & 7= M B (Fig.1(b)) Z# /E]L U, JEME 71 5F R8O 3l 35 & OV e b ] %2 5% & 4 B (human
mesenchymal stem cell; h\MSC) % W= 58 EBR 21T > C& 2. TOMR, a7 =7 U FIUARCVEAERE, =25
— T TNVBIRRL AT = AR VBRI b EME ) TR O R TER D SR, BAFRMIRIEERE A AT D 2
WGy oo E, B EEE S E W To i E U B ER AT 72 L 2 A, B b~—H—ToH 5 type Il =
T =T rRT 7 I ORBPER S L, hMSC 23HE M~ L EFRIC /b L CTW DRk 2Bl Sz, L,
hMSC Z e fifla~ & /b SH72 2 & C, MIgORFHCHIRR N EE OTE RS S D 729012, e )RR
TLTCLE-/. ZZTARIETIE, a7 —7 U ZMAR Y PHEA scaffold (2 hMSC % #5ff1%,  HIAREESEH 5 H %
WL, 14 HRBEERT 52 & TR A IS 7= tk, Em btz mm L, ok g EZRaiT-o 7.
hclz 28 RIEAR 21TV, JEME AR EORHE, MifargsEase, ALPIEME, BUn FIEEUENT, FE-SEM (T X 2 iE@liss
ZIT9 2 & T, MAGOEEEDOHRIZONTHE L.

il

(a) Sponge (b) Gel/sponge
Fig.1 Over view of collagen scaffolds.
2. EBRAE
AT—=FURARVE, =T NIERa T =S UK (type ll 27 —52, BANLMRK) ZHWT, RS

TEEIC X VERL L=, 2 7 —F U AR PO A RXELERK 6.5mm, EIAK5.0mm THD. RiIZaT—7 A
RV arya ATERLEAZAN, TUET D10 2T —7 0 ZFOVEIR &R OIRAIRICIRIE S H %1
A 2 F 2 _X—HZKNEB7C,5%C0O,) T LRIFHE L, 7 /bS5 Z & TIER L7z, Hnwiz= 7 —47 7L, Cellmatrix
Typel-ACGBTHE 7 F (1K) Z N TIER L 72, =2 7 — 7 U8R, 10 f5IREE O MEM /~ 2 7 ZEEHLCGETHE 7 7 2 (1)),
PSR R EIRCIE 7 F () & 8:1:1 DEIATIRAL TS, £, ZWRIIRIZIZ hMSC (UEBETT-3, HRAF/
AFY V=2 Z—) % 1.0X10%ells/scaffold & 7225 X HIZHEFEL TW 5.

Wi, (B U722 T — 7 U PV AR DA R E AW T, WS & o b 2 A s b S R A 1T
Stz £, MifaHGEE: T (MEM- o, 10%FBS, 1% penicillin-streptomycin) Z#sINL, 14 AE#ET 52 L TH
EMANOMAE AR S -, WIS, WE o EiFEAI 2 58 Lo Mias (e L (RPMIL640, 1iE, 7 A=
NEVEEER, T4~ =%/ #R) ML, S5IC 14 HEWE/MEEEEIEZREIT- 7. BT 18I 2 (8]
DOIE TR AT o 72, Ik 28 HMMAADOEEEZ1T\), FE-SEM IZ X 2HEEHIZR, Mk, EMEmiERIzon
TRHT 5 &3, #F b~ — I OREEIT - 7. 728, MlaEk oM E 21X Cell Counting Kit ([F—AL=2AFFEAT(EE))
EHEAL, 7L— ) =X —Z X OWREZRE L. [EMEEIERIE, B B RBgE V¢, iR T CAamE
FE Imm/min TAMZ 5 2 THIE L2, HEE8IZ2C1% FE-SEM 2 L, BfSEs o282 L-. Eao1t
~— 7 OPEIZIE NucleoSpin®RNA 1| (MACHEREY-NAGEL GmbH& Co.) % /i L, RT-PCR Z W T type Il =25 —
u, T ERIE L.

3. BRBIUBR

IR E O EBREE R A Fig2 (2T, 558 1 HAD 14 H AORTH-D 14 HEAHGEEE, BE 15 HAMD
28 HEH ETO®K D 14 HEPE MR 2T 2 TH 5. BiOMIHE 217 - 28I <, MIREE
8.7x10°cells/scaffold £ THIMN L7=. —77, #EOLIEE TITMAEN H £ 0 B3, 5538 28 HHICBWTH
9.0x10°cells/scaffold & 72> Tz, ZDZ &1L, BY-OREMEEEREIT - - T, hMSC 238 Efifn~ & 4y
B U722 & CHIBEDBTEN I HiLTe 2 & R LT 5.
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Type ll =27 =57 OB k% Fig3 [TRT . AEOHIEEE R 21T > 72 ]I TIE, Type ll =2 7 —7 30T L A R
SENot-. —F, BAEOWME SR TIE Type | 27 —FURNBHESNATEY, BERKE L HITHENT 5
RN~ T-. T OFEERE R S0 bEERIC L Y hMSC N #vEHifa~E b LT ZEx b b,

TV B OELE Figa4lZaRd. BIREOBEEEE CIET 7Y I, B 14 B EICBLCED LTn
7o, —7, BN-OMEMEIEETIE, EEIKE L BICT 7 U DU AFEFICHML TV, 2 ORIER B HEE 4
{EEEERIZ K D hMSC OHE M ~D L AMEE Sz Z E N TX 5.

PR ORERE R A Figb (2T . A0 HEIEE TR 21T - 72 WIR CIIEME 31X 2.8kPa 7> & 3.4kPa & THY
MLTWD. ik, BFEEERICEY, MO G O RBMEE S iz oo IcEEN b S - &5
ZHD. —J, HBLOWESEEEETIE, 1FEA CIEMBEROBINTR LN -7, LovL, MlazEL
TH BT ITHE LA Z RN L2546 S 13820, 5o 14 BREO@EFERICL Y, Mladosgn<criast
FE O TbNT- Z & THENRIL S, E LSBT © b EM DR E 2R LTz, Hea% 28
H H OYIHMERIL 4.4kPa TH Y, #E MR OB EITHTGAEOBMERI Y, 2 HRESVEEZRL TV

Fig.6 (k52 BAAT 28 H H TOHLIAR L P14 scaffold 1A & Wi o> FE-SEM {4 2 ~d. B I I Fk
BRA OBRIROHING & RHEREE AN Z < R SN TV BRI SNz, BEHEICHE/MEEE DR E1T - 128
HLHT 5L, MABDEREZIToCH B CILE Y Z < ORI N. 20 &9 Zfiat o in<ommba
SIEEERRIZ LV, Figb IR T & 9 RIEMVFREOM ERAE T2 B2 BND.

Fig.2 Variation of cell viability. Fig.3 Variation of type Il collagen.

Fig.4 Variation of aggrecan. Fig.5 Compressive mechanical properties.

(a) Surface o (b) Cross-section
Fig.6 FE-SEM micrographs of cells after 28 days culture.
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2L.RBRA
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BAF LT b 02 BRIR L LT Lz, ABFPE T RIRE BEEIE C/EIE 27880 % stage3 UL ETAT
oA REORBEN SR LIZFE 3 M 265 L Lz, BBRIED 1 61% Figl (oRd. £72, Efatir A
ZY) 0 9 HIZ micro-CT (SkyScan1176, HB5H7 7 =7%) ZHW T 80kV, 100u A, A7 A A& 19um
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AR 2 L7z 1 DO BN D 2~3 KO 2 Uz, s L7238 Ao 1 1% Fig.1 127,
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Fig.1Femoral head with necrosis and specimen
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Fig.2 |Z micro-CT Wi 1 Bl 2 7~3. A 2NESEER, B 2NESEER & VEia B OB IR, C 2\ EfRE 15
b EEk EHEE SIS, BIRERWVWAGEIRL TR, FEEOEMRNPREIND.

Fig.3 |[ZHESEHS & IE e £ 0> FE-SEM W 2 /=3, #CE 1L I = T — 5 U MEDS BERE L s s
L7 o TS, ZFRUTH LESEETIE, BEMES ZBHLRBE L Lo TWD I B0 D.

Fig.4(@) 2B, e, IEWMERE OMMERO A2 /R, IEF T OB Kabel © 23
O U7l % FAVN -, BESEED & BB O R OB R I3 B NI ET 5 2 &Mm STV AA (Fig.2
B, BEREOEELE Gt~ fiﬁ% B‘i{ﬁﬁ"ﬂ’i@ﬁb‘%ﬁﬁé%ﬂ“bfb\ WA E R ORI
EF T ORBEANTH Y, nf-ﬂf%kéﬁ IFEFRETHD Z 2:75wﬂ*ﬁé7hé Fig.4(b)IXEEFEH &
IEFHCE OISR O Ll & R LTJ‘oD Mente O OHE L7#E OMMER L i35 &, K 1/45 FRIE
(I LT D Z NS5,

Fig.2 Micro CT image of the Femoral head (a) Normal cartilage (b) Necrosis

Fig.3 FE-SEM micrographs of necrosis and normal bone
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Fig.4 Comparison of elastic modulus
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Introduction

Mobility at insert-tray articulations in mobile bearing knee implant accommodates lower cross-shear at
polyethylene (PE) insert, which in turn reduces wear and delamination as well as decreasing constraint forces
at implant-bone interfaces. Though, clinical studies disclosed damage due to wear has occurred at these
mobile bearing articulations. The primary goal of this study is to investigate the effect of second articulations
bearing mobility and surface friction at insert-tray interfaces to stress states at tibial post during deep flexion
motion.

Method & Analysis

Figure 1 shows the 3-D computational aided drawing (CAD) model and finite element model (FEM) of
implant used in this study. LS-DYNA software was employed to develop the dynamic model. Four
conditions of models were tested including fixed bearing, as well as models with coefficients of friction of
0.04, 0.10 and 0.15 at tibial-tray interfaces to represent healthy and with debris appearance (4)(5). A pair of
nonlinear springs was positioned both anteriorly and posteriorly to represent ligamentous constraint. The
dynamic model was developed to perform position driven motion from 0° to 135° of flexion angle with 0°,
10° and 15° of tibial rotation. The prosthesis components were subjected with deep squatting force from
literature (6).

Results

Peak values of maximum shear stress for coefficients of friction of 0.04, 0.10, 0.15 and fixed bearing,
respectively, are shown in Figure 2. Peak value of maximum shear stress at tibial post of fixed bearing is
significantly larger than mobile bearing with tibial rotation. The peak values are 63MPa and 46.7MPa with
10° and 15° tibial rotation respectively for fixed bearing while for mobile bearing the values range from
32MPa to 36.6MPa and from 35.3MPa to 40.6MPa with 10° and 15° tibial rotation respectively. It was
found that peak value of maximum shear stress increases with coefficient of friction and tibial rotation. In
contrast, with normal rotation, bearing mobility and surface friction do not give any significant effect on the
shear stress at tibial post.

Discussion & Conclusions

Appearance of second articulations in mobile bearing TKA provides an attribute in reducing force
transmission via implant-bone interface which leads to lower shear stress induced in tibial post due to
transmitted moment. However, higher surface friction will result in larger frictional force, which in turn
induce larger moment at tibial post. Higher conformity will attribute to higher cross-shear level during knee
motion. As a result, wear damage at tibiofemoral articular surface of mobile insert become worse.
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(a) (b)
Figure 1 (a) 3-D model (b) Post-meshed model (FEM)
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Figure 2 Peak values of maximum shear stress at the tibial post
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Fig.1 X-ray topography images and its sketches of g = 220 and 220.
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X 112, RIAM-COMPACT®IZ A N 23517 2 F3i 7 0 0 B (MK st &) D 43 4fi(a), WRF-LES (Z2X 5 A
PRI B T T 1R O B A (b) 2. RIAM-COMPACT® (Re=10%) D& BTlx, ISZIEDTE# 25
AR (REEIR) SRS AERNE L. —JF, WRF-LES OfERTlE, EIIER IS, &k
DEHRERAZ =B ELNTZ. ZDOZENnD, TS50 LES £ 7 /L(RIAM-COMPACT®), HZ2/yEF0
LES &7 /L(WRF-LES))> B 15 LAV AERIE, TidvZ — /e 2% A TV D RN RIE S L2, Th
SOREGL/ Y — 2 DRI, BYRRZHR R EOMO BN L VEIER I TN I EnBELLND. Z
NOOFRERERE 2, S%ITLVFEMRREFRELER L T FETHD.

B (T mEuE2R ) RS D

a)
b)
FpErE (PRI7 1A EUEAE) DIERL S fuian &k

D NH  ZFEH: LESIZE SV
\\\\ RTAM-COMPACT® CFD<E 7 /L 0D # Jr—

LD 2 AR T 2 FE L2
Fe A DR ~F T—, HARI) =
FILF —2EAEE Vol. 36, No. 105,
pp. 6-9, 2013

2) WRF User’ s Guide
http://www2. mmm. ucar. edu/wrf/use
rs/docs/user_guide_V3. 5/ARWUsers
GuideV3. pdf

B 1 AR HRIZET D RS MO E#H A (a) RIAM-COMPACT®, (b) WRF-LES
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N - WSNA 7 ) FREEEICEET 5 HAERITIE
TUNRZ T GEE SRIFHRE—

® DR - HAY

KGEE A= I N X—2FA LERBEHELE LY =TT v 7RI 7 ET—LLF, VY —F—#
o) ENTWD, V=T =% T =&, KIGHEHIZ K > T S 7o iR N 2R & 72 0 | Hifi &
BoWN—LDM(ma L 2 —MOELZERD D, 2 L7 X —HNOIRD HNT-ZER L INBDER LD
BEZECL->T, L7 X —HOFRRICRESNZHFEEY UV —NIC ERRAENRET S, O, ¥
U—TFEICESZ — U ARE L, BEEIT I, EAKIROFRFOER) T 1/L X — E)QFE R IZERS LT
WHTD, ERKHEOBEDOKRE SIIAS AT LAEH¥ET 5 L TEEREHETH D,

AR TIE, V=T —Z T —OFJRE L THIBAT VX —2FI AT 2872 A7 L0 EZHEL
TWb, ZOODHEMRIIEE LT, BUkEBJEE LTHWD Y —F — 2 U —0/ MU 2 /FRLL |
BENERIZEY YV —F —F T —~DOHEAT 3L X — DR A2 RFTT 5, EBRTIE, 47 —H0&E
Wy k(2 L7 X —EEE A5 L7 X —RE) TEIND MK TIRE T L ORFREZRD, EAA
HOREOHE, BJFREN EARREEICRIETEELZHLMNCTE I E2HME LTV D,

° BRI

FHAEE T EA SR EDOTODORIR L L TEKEZEHEFNT 04— v AT Lo TRY, #
U—, Bukg o, v —F— BIRL R HBKEIFETOMEM T — N7 BUEE RESE 2L
KIEEREEEICL > TSN TWD, FU—IE, &S 2m, HEMA £ o7 47— —HTHD
(AR, 2014), 7= /VFZEHEIC R > TEY . WlEB X OSMAlO 7 — /L O EAITZ L E 4 600mm,
700mm T, ¥ U— FECEE SN TND, X I NBNIO T — I ~BoKkZ R 7L > TEHK L,
PRI D =L s BAMAID 7 — N~ 3 5, BUKIZSMAID 7 — iz 2 —SOPEH A2 b B F T4
YIILRY, Ay TSV ERRT D, AR TIIX U - SO E L7 X —E LIRS,

F o

® EERJTik

B NDOKEKEE —F =TI LTz, &7 hE T —/L~ifiE 6L/min TRUKZHAKL, F—/L
WNOEIKIRE 2 B EEREGOC, 60°C, 70C, 80°C, 0ONILE ST, D%, AR, 7 —/LAND
BUKIEEGEYRE), 7 — K25 20mm OF S OMRE(= L7 2 —RE), 7 —/LKifn5H 380mm
O & O EE(Z U —NJEHY) & 10 53 HRE Lz,

® IR IUER

veE T ORIEREEEZ S L, B E SR TREOBREZ RO, Z o, BUROIRENZE L TV
THalb s X —EiRE, BEOREMZE LRWnzd, 25 OEIZOWT 10 S 25RO THW
776

Z U —R7RUVIREE CERIREE 61.8 CORMTRUEZAIE L7z L 2 A, FHEEIT 0.445m/s 231% Hi
7o [AIBROSEMFTH U—2RIE LTI-GE, PR 1.16m/s ThoTo, TOZ ENLEUKEZEIRE LT
BATHX U —NIZ ERRIARAET D Z &R L,
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BIRORE EH & EbICTIIRELRY, ZHUME- Tvb REL QDM ER LT, vE T OR%
R TIEEl SN S,

v = 10.5T%5%7 (1)
BREZ &< THERERBEHEEGDL ZENTELN, X 7HNOEUKIRED EfRIX 95CTH D,
DL E APFIREIL82CLE b oL bEmWRETLZEL, = L7 ¥ —iREIL 27.8°C, JA# X 1.84m/s
Thol, LL, BUFRED ERIZON T, MEOMEMOIXS >ENEEIC/ Y, FRROMESME
DEER L EBIXL XN A LN,

® i

L. BURZERE LGB 65 U —NIC ERXIRO R A LR TE T,

2. BOREESMVIEE Y U —NRERAKRE < Rod, Eio, BUE & BRI 2 R 3 IROTRE & o
R AT THRR LT,

® ML
L
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FTRAKXKT T 7 UOHES (X ICRAANFEHERR (26ME-S1))
(55271 U EDRRIHR]

B : 2015528108 () 1300 - 1730
BPT ¢ MRS ZTPT WEO 1

1. 13:00~13:05
FLHIZ AKXERRT HE 1E

2. 13:05~13:35 (30%)

AREEH S| ES ERR

[TEAF TV IILIRARMELETDI ST VORES (4T3 R EBHFIE

SRZEfEE LTAWS OV A, XKEBOEBYI S 71 Vv EART2AELAEE LTERICRESA
TW5, BRI, Y774 7EBRLICHBES S WA ZBAV:=0WDICKY ., BEESS 7z U 2KRER
DFLZRZ THETESZILEZHOMNLTLSD, HOMAISEWNVEETEZISYS 7z VDORE
DEAF I REEKEN, AFETIE. COREADZIXLICETIEAOHAEHLRELELIC. bS5
DORBADIGANREINEZ BT S 7 VORREREDRREIZOVTRENT %,

3. 13:35~14:05 (30%)

NTT EEEpf BALEE &8 K

VD '35 7 = o D#ERAROAIRIE & REHlEIC & S8k

ATOIEAX DY LEBEELICEERMERRLEBNE, ZOLICT ST VEEETHI EITLY
ERILEYS 7z /BNANTO#EE. LEEMIZ& > THERIT LRI OVWTHRET 5,

4. 14 :15~14:45 (30%)

NTT ERERE 52K B— K

(935228 FEN\L—RAMKRT v ILOER]

T3 7z VICHBKREEEE DR LA UMA Az E, EFRECHRBICKET S RTUIvIL
MELDHILERLIEZOTHRET S, CORTUIYILIEKR EK RTHELARITHY. /NL—Kxt
BREEDTHD. NL—RIHRT UYL I AR OCEREICEZ 2EEEERT Do

5. 14:45~15:15 (30%)

FHEE Rk S21F H£EBUR

952z 2/SiCREOERIEICK 2EFIKEEL)

6H-SiC(0001) REZHIRMET 5L TY STz UE A LEZRAICHLT, EREEOBRZEAL
f=o CCTIE, BRERRBEVNHEREICETARRAETFREZETERFHEREETFAINELT LBV TEHA
Ltzo £z, REBRIEZRETH-OICHEL LT, ZILAVERZAVVHERIZOVLWTERET S,

6. 15:15~15:45 (30%)

[SIC ETES %S 01557 T A & IR
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SICEDIERFSvIILTZ Tz UREICDONT, (0001)SiETORBEEDERREIT EHRLLEHEN
5iToTCERz, TOHRREERETSE. RTYTHAREEY A FeBoTEY., BEELRRT Y Tif
DRERAELBIRADOHNDNT T T VD RAA A XZEZBTIEIRAL LG D, REDHNIEIRTY
TOREMEERIHY . BEDLSIDE. IS T VBOESICE- TRATY IDRERIFEAE SN S,
ZDRH, ATV TOREEDOFHEEZE LT, BRENDTZ 7z o OREFIENAIEEL >TSS
Ehhhot=,

7. 16:00~16:30 (30%)

AKBREL #RE BX-HBHH &

SiCo77ty b1 RTYT 57 UiEE)

T2 7V 1 RBEIBELGT Yy DREBOERFAEZEE L, [EANAEITIZAY FXyy TH50
BFCERELENSEEEERZEL TS, BLIFIRTHEERRDI2D, FHNGSICH/ REE
EICEBL, BRAGHEDT /BEDOKRA - MHEEEZToTLS. RKEETIKERMBZIRTEETH
5F/ VROOEEE X UVEFYEICOVWTHER, FBITHRERH L1-SiCEIEHE £ O# 1 RTh% FE
By TIBERLVORTEETHD T/ T4 RYVIZOVWTHFREITS.

8. 16:30~17:00 (30%)

ARKEMERFE MH SB HAZR

SiCEY 57 DInEHIE]
AXKBHRTIIL—TTEREINT, SiICHEMERLET STz U OBRGEEFEICOVTHRET S, 77y
MRS EHEEFERNLGIRSATFE VN EZRL. TOFEMHEIRILEF—(XI0meVEIETH >z, —A.
77ty MIEEREGEEIIEN I EMNL, TIRETIEIT ST UNDEA>TWVENWEHAI SR
%,

9. 17:00~17:30 (30%)

RAYMER IMF XX HiF

[SiC EX77ty FEDTSTzoDrn/NY FEEU STMNEE)

SiC (0001) EMRDH25EMEH LEEERT 7y FEICRDRIZE > THUShEEBS S 7z V0L
BFREZFAT =, SN BEICKY, COFS5 7z XA 5mT—RITMIZERLTNEIEMN
LMY, TOEROEREE 0. InmfEETH S, ARPESAIEIZL > TEDHERE/NY FEEFHAN
L. 2D TS ToDTAIVvIRIE. FTILIIRILE—LTO 1eVEBEIZHDZ & otz
Zhl, SiC (0001) TSREMT ST EEERT, SiICEEMALD BF F—TERDEN LEEK

T35, —REMBERRBNNSNI LEELEEDOEEEENNS, CDTF 7z E 77y FERIZIKE
LTWWaWE&ERmLT=,
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