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Fluid Simulation by Using Multi-Moment Scheme and Conservative Formulation
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Solid-Fluid Interaction Analysis by Full Eulerian Formulation
TREF, HREE BAREE (ERRKFLENARUEIREL X7 LEXR)
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Computational Modelling of Free Surface Flows Using a Surface Capturing Cartesian
Cut-Cell Method
Derek Causon & Clive Mingham (Manchester Metropolitan University, UK)

Two flow solvers from the MMU AMAZON suite of free surface flow codes will be discussed. The
AMAZON-CC model can cope with shallow water problems with arbitrarily complex flow geometries and bed
topography. Cartesian cut cells are used to boundary fit and track solid boundaries at rest or in relative motion
across a background uniform Cartesian grid. No re-meshing either globally or locally is necessary to
accommodate moving boundaries. All that is necessary is to update the points of intersection between any
moving boundary elements and the background Cartesian grid for as long as the motion continues, The general
two-fluid numerical wave tank (NWT) AMAZON-SC is based on the solution of the incompressible
Navier-Stokes equations for a variable density fluid system with a free surface. The computational domain
encompasses fully both fluid regions and the free surface is treated as a discontinuity in the density field which is
captured automatically, without special provision as part of the numerical solution using a time-accurate artificial
compressibility method and high resolution Godunov scheme. Boundaries are fully fitted using the same Cartesian
cut cell approach as used in AMAZON-CC. Several tests cases will be used to demonstrate the effectiveness of the
methodology. These include wave overtopping and wave inundation of obstacles to the flow; modelling of a
near-shore hinged-vane wave energy device, wave interaction with a floating body in a beam sea and slamming of
a two-dimensional rigid wedge,

Comparison of Different CIP-Based Interface Capturing Methods for Sloshing Computation
il R O KREEE R 1 525F 38R

This presentation is about a recent research on comparison of different CIP-based interface capturing methods,
which have been implemented in our CFD code named RIAM-CMEN (Research Institute for Applied Mechanics,
Computation Method for Extreme Nonlinear hydrodynamics). Emphasis is addressed to the effect of different
interface-capturing schemes on the computation quality for a two dimensional violent sloshing problem. Five
schemes are investigated: (1) original CIP, (2) CIP with tangent transformation, (3) CIP with linear transformation,
(4) CIP-CSL3, and (5) THINC. The free surface compactness, the mass conservation, and the pressures at the tank
wall are compared. It is found that the THINC method gives the best results for the discussed sloshing problem.

Numerical Simulation of Flow and Motion of Underwater Vehicle with Mechanical
Pectoral Fin Devices
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Numerical Prediction of Wave Loads and Ship Structural Response in Heavy Seas
Ould A. el Moctar (Germanischer Lloyd, Hamburg, Germany)

The paper presents a numerical procedure based on the combined use of a boundary element method (BEM), a
statistical analysis using random process theory, an extended (with rigid body motion module)} Reynolds-averaged
Navier-Stokes equation (RANSE) solver, and a finite element method (FEM) to obtain the structural response of
ships in a seaway. The BEM is used to compute the hydrodynamic database, needed for a statistic/probabilistic
long-term analysis of the ship’s operation to obtain so-caltled equivalent regular design waves. The RANSE solver
then is applied to obtain ship motions and the corresponding pressure distribution acting on the ship in design
wave conditions by solving the nonlinear rigid body equations of motions in the time domain, Wave-induced loads
including impact-related effects caused by slamming and green water on deck, were computed simultancously.
The resulting hydrodynamic pressures were transformed into nodal forces and became part of the input for the FE
code. For two large containerships, extreme values of sectional loads for different loading conditions were
analyzed. For one ship, the effect of slamming-related hull girder whipping on the stress level was investigated by
one-way coupling the extended RANSE solver to the FE code. For a typical critical design wave situation, the
whipping effects led to an increase in stresses in the hatch coamings of up to 20 percent.

>

Numerical Analysis on Dynamics of Pinch-Off in Immiscible Liguid/Liquid Jet Systems
HLE B, B R ER RE RERKERERMEFEILZER

RIEDHRGUT, He OB CTEERFELE-LTWS, 220, REBROBE/ IR, BIF2HHE
RIFEEA 4 AEUEAFAT 15 CIP-LSM(CIP-based Level Set & Mars)% IV T, RER DB LML THEFEHNSY
ZUZFED Pinch-OFf 23t HE L=, ERFEREOLEZ 1TV, CIP-LSM 73 Pinch-Off 248 H R TELZ L4 REER
Uiz, ¥, HAENEEE O AT 2 ALl WIS SL A BRSBTS T 52 R LT,

Liquefaction Analysis by Numerical Simulation Based on Fluid-Particle Interaction
ZEORAZ FERTERRERFE LR
BAEZ (RRIEXRFENEBRFEET 7-)

BARIEHB OB Il —ad BROE LR — MIERERFAT 28 Uiz, LhI+0 8 DEM,
IRk &L CFD (ZL Vg%, Immersed Boundary Method (IBM) iZXbiftfaL b+ O EERLFE TS
ZEidY, AL TR OSEBFORBERHAL VD, BRI LA IGREHEOED O En
—FORBBIUVHERBEOLBNRESZOMERETHD,

Numerical Simulation Method for Free Surface Flows Using the Boltzmann Equation
B (UNKFERSR D FERER)

This study develops a new numerical method for the simulation of free surface flows in ocean engineenng
problems using the Lattice Boltzmann equation, since this method has a good potential to provide a simulation
work more comfortably in practical uses compared to some previous methods using the Navier-Stokes equation.
The schemes for the capturing of free surface, the incorporation of a moving solid body, and dynamic boundary
condition on the free surface have been formulated based on the kinetics of fluid molecules. Several 2-D
preliminary computations (the deformation of water mass, forced oscillation of a body in a numerical wave tank,
and propulsion of a body near the free surface) have been conducted, and show that this method can reproduce
these phenomena at least qualitatively. The quantitative validation of this method will be performed in the future.

Momentum Conservative Sharp Interface Cartesian Grid Method for Free-surface Flow
EIRF T (48 b Hir T ST 92rT)
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FEMHEELL, BHEGEEND, B, BEREE LT,

A Computing Method for the Flow Analysis around a Prismatic Planing-Hull
AR — (BERER #BR A7 L THEH)
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CFD Simulation of Resistance and Seakeeping Performance for Multi-Hull Vessels
PERERRT (HF L icihr aF5EmT)
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CFD Simulation of Diffraction Flow Fields about a Blunt Ship in Oblique Waves
rRBE (7= "— LSRR BN BFFEET)

CFD simulations have been carried out of flows about a blunt ship advancing in regular oblique waves,
Unsteady RANS code called WISDAM-X is employed. This method employs an overlapping grid system to
implement rigorous wave generation, the interactions of ships with incident waves, and the resultant ship motions.
The motion of the ship is simultancously solved by combining the solution of ship’s rigid motion with the solution
of the flow about the ship. The characteristics of diffraction waves in the vicinity of a full ship with a blunt hul]
form advancing in deep water are studied numerically. The computed results show that the features of diffracted
waves vary significantly with the wave-incident angle and that the hull surface pressures due to the wave
diffraction increases in the case of head waves. The effect of diffraction of incident waves on added resistance is
also discussed.
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Liquefaction Analysis by Numerical Simulation Based on Fluid-Particle
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Numerical Simulation Method for Free Surface Flows Using the Boltzmann
Equation
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Momentum Conservative Sharp Interface Cartesian Grid Method for
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CFD Simulation of Resistance and Seakeeping Performance for Multi-Hull
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Fig. 1 Trimaran model (1% W outrigger and 3% %/ outrigger)
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Fig. 4: Heave and pitch motions of Trimaran-1 at F,, = 0.76, x = 180 degs.
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Analysis of observed wave data to investigate of characteristics
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Analysis of observed wave data to investigate of characteristics of freak waves

Seung-Ho SHIN, Keyyong Hong : BREMEFEEEE BEES A7 LE2FEM

This study is carried out the investigation of nonlinear characteristics of the ocean
based on the field wave observation data acquired the western sea area in Jeju
island during one year. It is aimed to offer the fundamental data for Freak wave
forecasting in real sea. For this, the nonlinearity parameters of ocean waves, which
are Skewness, Atiltness, Kurtosis and Spectrum band width parameter, are intro-
duced, and the parameters are compared and discussed with some characteristic
wave components, ie, significant wave height, maximnum wave height, and so on.
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Structural and motion responses on large container ships in freak waves
A ik, BRHER, #HkRE, KT &
A Dk, PREHEM, BRES  WERAERHER T2ERMAN
AT 8 W RFEERMMAR

Freak waves are extraordinary larger water waves with potentially devastating ef-
fects on ships as well as offshore structures. The recent remote sensing data shows
that freak waves occur more often than it had ever been thought. From 1969 to
1994 twenty-two super-carriers were lost due to collisions with freak waves in the
Pacific and Atlantic Oceans causing 525 fatalities. Hence, it is of great importance
to understand wave impact load on ship huils subjected to abnormal waves and
corresponding structural and motion responses so as to enhance the safety of ships
and offshore structures. Freak or rogue waves can be generated by different mech-
anisms and there is not a clear criterion to identify such a wave. In the present
research, taking linear dispersive focusing and Benjamin-Feir instability as possible
freak wave generation mechanisms, linear dispersive focusing waves and unstable
waves were generated in the laboratory wave tank. Before that, a series of regular
waves were made to validate and verify our experimental instrumentation., Then
the seakeeping tests were carried out in such freak and regular waves using a full
elastic container ship model made of urethane foam whose scaling ratio is 1:141.9,
Furthermore, the influences of the freak wave parameters such as wave height and
wave length on wave loads and ship motion are systematically investigated. At the
same time, the mimerical simulation based on time domain strip theory code is
also performed to verify the experiment. Finally the effect of whipping responses
on the longitudinal strength of the hull is examined using FEM. The objective of
this research is to explore the possibility of using rogue or freak waves as additional
wave load conditions to be considered in the design of ship and offshore structures.
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Fig 2 The results of tensile tests of B-TCP/PLLA composites

Fig.} The results of tensile tests of f-TCP/PLLA composites with different immersion periods in PBS(pH:6.4)
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HZATHEEL, HgoBMAE I OWTIEES
FHESBRAOMRAERIIERICESE L T
V. BEFENEA B RE A LS L LT
Bi-surface model [118& 525, ZTh LV X512R
EFTEME B AN OFIREE BN U B

LT, ZeEthBo ATIREBEHSERIN TS,

2T, ZOmeRHo A TEEESCTK o
HETI O ERERNHCATBEESC Y
DESRIEIREL T DL HEENEE
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ERLDEBVNHDDIT, ZOL D REEERN
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HEBERNERIBEBEa L R— 0 b ERER
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BREXAVCTHEOERSBNI L Y ER 21TV,
ERDEREPELL. TR, ERLEHH
26 FEZFZANEI L TR 21T 1.
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DESITHMELRERDETVEERL, BF
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REE
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BE GFRP O SHiHsitd & L TOBRIBICRIT 255

FUNKREZET 22 FHHA
1 BM

BILS AT v rpicknid, 2005 EOBEFRP BERBIZ456 Ft THH. SBRLIDWFH t A —
A—TORERPRAENTNS, BE. TOFE FRP % <13 GFRP (Glass Fiber Reinforced Plastics)
THD, ERERO 1L.7% XX 2 FESRBEERTADNTVS, LinL, B OIE & A FidiEss Ty
(FRABRETTTZ2L0LFHT) FLRBBEIATVEHY, BRASHORENBEICE > T3, —
A BN Z A A F 0 R CEEBRORBIS. GFRP OBE. HI5ABESMERFEEDS Lo
BN LTchio T, 9%IEE FRP 2EAAT2 L TORAEROTTENEE L,

FARTR LS T AWERL VY A VAR E LT, BWRMCE - T8 FRP Z2BFIET 22 LicD
WURE T 2. BAFCiE, BRRUZEE FRP %, Lee SABRL R EMEBMERLHM L U TORBHE
DREFEL I, 2O, #HiihO FRP OBRIC. B FRP By OBZFEA LT FRP RESEL, B
it e U CEMICER TELZ ROV THLOMCT R L #ENL T3,

2 EREZ®

AR ZY D 3T VaRTM (vacuum assisted resin transfer molding) e & - TBEL -, 8%
® FRP EAZBOAS AMHEICIIHEHO— V7oA, BBICiY b A7)0k AW, BRic
AT BRI OWE L BRI Y TRECEES BV L, BOWBEFRP ki LTEEINELO
T BB LICRT LI IEREE 10~20mm BETH D, COKEIIL Lee SICLVHERENE
Mt ORES LHRTCRAUCRETH S, SBRASL—00EAWTES L, B8 Lk - 7ok
FEBOERF2EE U, M2 ICHERRFOBEORTETRY., BEOFRPIZABMEBL, —F., &
BFZANZBAE. 1B TOBBICREALL,

B3 & 4BTNETNEED FRP LB FRP WA #BA L% FRP OMEEETH 2. SEOSRHET
i, BEEZBEALEBRFRIRENMRE 2~3mm BEOMTEIT L, £, #BEHSSE L TWEVE
BEE AN,

KK 5 IR 5 [RaAEBR A 2 HIF L, 5IREBRE TR > 1. JEHBREICIIBE AG-5000A Z@AL
foo TR FEE 0.5 mm TREAL., 7'~ YVE 50mm OBUHTRULZHIEL .

3 RBER
B 6 icF BREAR TR NN U THREE R T, Y VRIGBEO GFRP & 27.3 [GPa), M %
V7o GFRP & 17.2 [GPa] TH > fe, MR Z AW GFRP o0 RNECHIT L7,

4 EB

MRt ZREA LT FRP B2 A REITTHE LBl EBEPWEAHICKT > TWwa C e AERA
EZEZEND, ETDEED FRP ICHARTY Y FRPBRCEOCORBEERSFEET R D THL EE
Ze6Nb,

WITH L EER WD THIED--DIC, FRTIEROBFENINZINEZLND, Lee SORRLI
FBOEBAFECRIIRBALRICLY Y T4 VAERBAT S LT, COMERERL TV, VaRTM
KBWTEDXICTEDIDSEREL U,
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Fig. 1 GFRP chips by milling

Fig. 3 Section of normal
GFRP
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fI5H5HH . BRT 150um EEREDENH 5, ChDPELEZORD—V Y T arRNTAEIT T
WERHTHDIN, REHWOH S ABHOBMIERE N2, BITBOXE X HSRBHREUCLAI L THEmMm
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Fig. 2 Lamination of wasted GFRP chips

Fig. 4 Section of GFRP with
wasted GFRP chips
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TRECHASWEER V7T b0 3RTEFNVOBE L R

LR FERFE Bk R i
BF 2z

1. # B

THE, RARWERSTCBESOF I RIEFEL LTA 7o MEEAERRBUTWA. 1,
TEHEHOCEBEIEHACANCE L#10% 3 L EbNTEY, BEREMICYLTA v 7I 0 bME
R LB REN 2 2065, ZOE3RIBREILBVT, AV 7F7 v bPoBAMIBCREAN
TEEIZH L THZMIC DL S REELZRIIT O, SLICHZERETFT COTRINA ¥ O4BER
ERZMALZ LT, 1T 50 FORSMOMANLR EE LEE UBBEMIZL XEBETHS, L
L, £0X5 28R 0DRAERDPRVORBIRTH S, RIE, HELLKREGOEKES LN
KERETHNL &R TEIM—0HEIHBRERMREN (FEA) TH 5, FEAIRLB A 75 M
FR—ETON T2 H00, 2KRIEPEMELLAIRAEEFAEZAVERERIZL ALY THB.

—%, XBCTERSMRIDSBOLNHEET—F L0, BESIOHMEIR T HREZMEITED-FEA)
TFNEER LSBT EIT 9 BER, BRICALIHFERELZ EBIGRVRECESI FEE LTE
ITZ2ABTHRINATVSENTHY, BEIZHLTLEAREE T A,

% ZCHRWETIH, THEGSTEMIAEYTSHMRIDFEATFALZBER L 175 v FMRIF~IG
RA357 AL LT, BEA% L FREFTOXBRCTHR L BIZ L CQ2RBSEL KR T FREEETAD
ERERD . T, W2V THCTER L ¥ EFAETY, ALHICHRES MATA T LTl
2RO TREEFACOVTHLEELEL-, RIC, RO THBEFNMAEDAL T T P EHEA
TREELE, TOLBICEEAMBEYHTES LA — N - A 45 LEFEAT T A HBE LT,
EREOTREICMUAERERAFEEZRELENRFZITO>IZLT, 41730 b, BEDBLUTHE
IZ2WTUHREMRBEERTH J 2 ML LT3,

2. TEEETAOME

FERN2 e FEREFO CT B LAREFORTAHME L. 0L X, BOERIEEEGIZ-
WTIRFEETAREBLTHS., Y7 by =70HELE, HFETARHOME LM HHETE WS
B, TTHEERFICOVTHRELMEL 3 RTOREART—7 21874, ki, EELE 3 RTOXEB
REF—FZIVR) TATLDET—F 2ER L, BRIy —7 214 XF—~F 5B L7-. FEA &
TR U 7ot v FEMAP IZ¥— 7 = 4 25— 8 28HidA, YV v MeEiTo7. Figl IKERL
THEETN (EEBDH) it DEOEEZ FTHEOHBEIZOVTHITY, BRE LiER
BFETNEEAZEDES LT, ZEROTHEOREZEE T 2 BEEOTFALLBELR. 3D-
TREET VOMBERRKE Fig2 173,

Fig. 1 3D-model of mandible. Fig.2 Cross-section of mandibular model.  Fig.3 Mandibular model with implasts.

3. FEA A 75 FEFAOREL KM

THRECEATSZA V77 MIEE 4dmm, BE 20mm DL Y U F—FL L=, ZDA T T b
ZFg IR LETHFETAOEMEIZ 24K, M 2R A LKL, ~FL, AREO 2 ADA
T MIBLTRBLE 45° OBEfALZ ST TEBALL. £, BEISEMICBALCHEELS
BIAER LT 4 ROA 750 FETHEEFREFMZBALTER LA —L - 450 %
Fig.3 loRd.

BREME LT, BRCBENE LT 4 BROBROERLE 2. WBFHOERNR, &
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IO S ENETO CTHRB LG, FHoICL 5~ EOWREZBEII L. 25, WEHOHICL
STHEAIDVOT—AL L EINOA LD TFHEZDLODE—AV IR0 H I LSIZRELT
HH, T, MREZEXZTERO—HAIISHIBERT 20283575, FTREECMOAIRK A%
HEL, BEHBHORBTCARNEL LTEZ TS, RELEREMNES Figd IoRT.
AVEERZABRIAIBEERTHY, BRI 51657, HAKL 16487 ThD (Figs). SRIOM
WCHBES, BEE, 177 P BICEERHEDIL T THRERMEE L L Tablel SR LEH
BEBEZAWEL. £, ThEhORERFEALTOEb0LHL LE.
BETRRO—FIE LT, I—¥RBULA0F Table 1 Material properties for FEA.
BJ% Fig6 I/ 7. SEOBHEF AT, AL
HEA LA 7 Z 0 PO AEHICEALE s ¥ 7BGPa) K7 VUK

A 77 FOBE, R, BLORALZBWTEY  @EE 172 0.3
WHEPRALN Figo®mDKRE). o0 k> HRE 0.35 0.3
REIGHORENA T 5 VOBHBZIZEES AVTTb 124 0.3
HLEMEZLND., BRREDEFAZHLA BERXSHEY 10 0.3

AT FEA BRI S R ORFTRE L Loy,

4, B

THREEEEOEBREDODESDTHIF—N » A ADFEA TFAOBERS AN - LT, EHE,
L FEEED CT HB 2RI THEEFOID TFAEER L. SEE L BHEL DT CEFTAL LA
BoEHZETLBIEEOEMIL L FEA TRETCTARZERLE. ZOTFAOREEIC ML
AT VEFVE 2R, ATEIC 2 2EAE, BERXSEDEFA2ALEDRD T, #
—N A ADETVERBE L. TREICEB HHEREL - BEREHAIREL, SHRITEIT /o8
B, A ALA TS OB Ml B TEV IR E D AR T A LG,

Nede (16487
Elemant: 51657

Fig.5 Finite element mesh.

(b)

Fig. 6 Mises equivalent stress distribution.
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€2 0. 2 K MAABAED T —EKTh Y . Attaching Angle vs Cp
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B TH BRET TN SHE-. AT BuEk

1. &%

[-MM-VL BA Va2 54 MR EERIEEERR O FEEAEL, SY PRI KEW
HZANAF— I L TRRARAREVOT, KBEBRERE L LTHFEINLTWS, BT
CulnGaSe; KEFEMIZ DWW TIIELFRENTHEY . THRDE 195% L 0 HHELHS V. Culns,
IIEEHIHEE 1S oV 28b, KBRASS PAOBWEEEMICHSE L, £ XolImEst
1010 e BETHL I LS, KBBHRORINEL L THETEAMETHE Y, oz, o
NFE T 225 MPa OBET T, LB IRE R 400~700°C £ TE{L &, CulnS, RS Th 5 1050°C
LU LIEADIZERTH S 700°C T CulnS; RA 7P BE - LicksiLE Y,

AR TIL Cwin O EE Z T CulnS, N7 BEAER L. KBEBIEROT >OERN DM
FRAABEEZBME LT,

2. EBFK®

CulnS; »S/ 7 b E R Y P TV 2EEZBWTERT A0, BERZTHEHE CuyS(99.9%),
Iny83(99.99%) & AT, Cu/lln DA 0.6~1.5 L 225 X FNFNBSEE, (LEBRVER
DipEid. BEEOIZLUTOFRBRY L2EEZ LR D,

CupS + InpSy — 2CulnS, (l)

By MTVRER, MWERREBR TV, BREERZERIETFIHZLOTHS, Fi
D CuxSe & yS: XI5 EDREIRE 400~700 CTHREEOLS BETHER T EMITTL
RIGTHILRBVAE, BAlTOERIIMATIE, AT REFHHEAL O - TE x4
H, BRERSEZL. BROBBEETANCEBTILRLIOLICARS, 5. 0 L5
RIEREIRE IR T3 B Z 5RiRICEARE, 0)0OERBRTAO LI R BEERRF LD, B
FERBICBO TR, REBAT RN X —R/DRE~ELT 28R TR FRBOZEILOHERSE -
O, TOBREBRBYHER COMTEMIIIBI IR v 7 OREICES ER/EO R E R IHEICfE
FIMEER, KOTTHEM CORBEEFEIERIIBIT AL L ZEAEET. PRREOM
FAREILIERICIUE L TRELSET L, RFOET3ALEET ATARERITHEAL & &
BREERIEREECIET S, WThoEBTLAL2ONEBRENEZ 5. HEBEO#IE -
LCid, QO&S - M. OFBEIEE, ORAER., OXmitik, OmiEie, ©EEHEDHOLH
EEEZOND,

ABHIA R F A ATIRE A FE L, Ar-3%H, BESK T T, RERE 700 °C. [E7 25 MPa,
BERCETR] | BRI C CulnS; S 7 2 EREEL, BEREMBLZIT V. A— R EaRELE,
Ty bV AER, EEEZVBELHT, REAP TREDSEEM CRAKENTEX L LW IRE
BHD, FiE LT, XBEFIZL > TRFEHLNELRD, LERNENLEBELRDE, £
HimD SEM BEA L b BF 7 —T <A 7 24 (EPMA) 2 X W& E TV, —F7 1
—7RECE D RER MEHRCLVERELAE LR,
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3. BRLER

K242, 25 MPa, 700 °C. Cuw/lIn=8/12~12/8 ¢, A v ;7L RIEIT L - TR L7 CulnS, /31
I ETRT, ERLEBRENII—R U AL 20 RICEY . R 20 mm. BEEH 2~3 m
mOAERKTH-7, BEEERERT Y v P~ BE8o LS, O RIZR LR, g
MERWRL IR TH o, Inrich IZRBBBL ¥ RiZAe <, Curich 1272 BERERBBA S

halilzdgniz,

Cu/In=8/12 Cu/In=10/10

B32 samples (25MPa, 700°C)

3 XREFOERFERLY TS, Culns; &
CulnsSg @ ICPDS F— 4 {4, #EHOE—7
BEBEIShZL I, ETCORBBEFERT
A LERLTWA, Intich Th H
Cw/In=8/12~9.5/10.5 {233 T CulnsSg O RFFH 2
v, LAaLAess, CwlnidBMEseEsi
Lo, ZOBREEELSIL., AL 2A44
b Y —T CulnS, DEMEMNREH LN, Cu-rich &
FEHZBWTHEMIZEA AN T, CulnS, DB
M/, Lo T Curich 2B TR()
PREZN, CulnS, BEREN /., Curich TR
W2 B EWHHEmL, Ay FEPATS
h)“i‘:’“:'ﬂ’ﬁﬁiéhf:%‘t‘ﬁ*@%ﬁﬁ%é:h‘(lné

XREF L RO EBFERIL, Cwn=1.1 ¢
T JCPDS DEIELEL &Y, FoigT
In-rich TiX JCPDS L Y/ &< AP, Curich T
L ICPDS LY KEL A2o7-, Innich THFE
RSO BESER SRR EiCEY,
SEHR® CulnsSs DEENREZOND, HIZ ¢
BT g iz~ F0RBEBRBI ALRE,
Culn DL EFEMETA LR T BFEEK
ERMLE, ThoRBTHEFORNCZLS

Intensity (a1, u.)

Cu/In=12/8
T T 13
(.‘u.[n.‘sz TH0 "C 253 P L
g o
LIs
JL‘ L 1L«
lofos
10
LA U ]
)
eem s e e e L N
____._.Jl\_,_ [ R S
a
- - - POy Culus
L e ’
= OL-U55-1
Ten vgonal
= g . P 1 \llllls.‘a"s
00-D2)-02244
Cab
1
LU 0 40 Lzl St TiHE

LYiffraction Angle 20 (deg.)

X3 XRD patterns

bOLrEZLND, BEIL —F—ik (THM) it o> THERSHABER VLIBT3 L o 8/

L, eI REWVERAT LI,

XBREHF O RO FBIERIL, Inrich 225 Cu-rich 1272312 Lo T, BBIEMLTH5,
In-rich, Cu-rich THENBRLZIZHBAL LT, Cu REFPVREROBEL B SE2, 412, In B
FELREESRRAORER TR LS 208 EZ2LNAE, R T L—HIt L > TERISNER

BTLRBOREERBLN TS D,

0450




EPMA Ti3§ T DFBHT S-poor, Cu-rich, Inrich &72>%, L2 L, |[Cul-{Injiz®+5 SR
FZELOEFIEG L. Cu/n=12/8, 11/9 DFEHTIT|[Cul-[In]|73 RAAI & 72 9 | Cw/lIn=10.5/9.5, 10/10 O
B TIRSEFEAANIEMNE 2D, R L Curich DEETHLEVDAL LN, F—Elo—T 4547
2B, Cu-rich DFENT p B In-rich DFEHC o BERUIZ EPMA OFER LY, p MizEOERD
KM, Cun T, n BEEDEEIT, Vs, IniInq, BEZ LN 5,

4. W%

B TR CuS, IngSy 2RV, Ry b7V RIEICEY, CulnS, S8 2T AR, Cw/in ©
i 0.6~1.5 2E{LE R, XBRTOFERIZLY, Inrich DRE CREABBAIZN, —F T, A%
Z A —, Cu-rich DFENTIE CulnS; DBEFHABLN T, Cwin D EBMEEDILEB-T KT E
RABRITEIL, Y —F 7o -7 540 EY. Curich R Cp R, In-rich DEE TnBERL,
EPMA Ofa RIZID, p BEEDER O XML, Cup T, n BGEDRRII, Vs, In, Inc, BEZHNE,
Cwin DHEEZDETEST, mERAEZ AN TER,

5. 3| A3CHEk

1) M. A, Contreras, K. Ramanathan, J. AbuShama, F. Hasoon, J, Keane, D. L. Young, B. Egaas
and R. Noufi, Prog. Photov. Res. Appl. 13, 209 (2005).
2} ). Klaer, J. Bruns, R. Henninger, K. Siemer, R. Klenk, K. Ellmer and D. Briunig,
Semicond. Sci. Technol. 13, 1456 (1998},
3) H. Komaki, K. Yoshino, 8. Seto, M. Yoneta, Y. Akaki, T. Ikani, J. Crystal Growth 236, 256 (2002).
4) Y. Shi, Z. Jin, C. Li, H. An and J. Qiu, Appl. Surf. Sei., 252, 3737 (2006).
5) M. Krunks, V, Mikli, O, Bijakina and E. Mellikov, Appl. Surf. Sci., 142, 356 (1999).
6) M. Krunks, V. Mikli, O, Bijakina, H. Rebane, A. Mere, T. Varema and E. Mellikov,
Thin Solid Films, 361, 61 (2000).

0460



FRAERZ I SE ERa SO R i
FIERE R T HNTR AR

1. 5

HIRICE TR EETHHEG, SEavstt, 2O OR 5 BB EET 510, B RUSEEFRC
FEFBEEEREIG GREBINN) AT, ZOBSHITUR UIEEaEoix < gt - BiE, £7-
MR ORBRER TIC OB RERER A AL 2, BAO#H7 V) —ZAROERR, BESoEEEREECT LT
FRRRARZEA TS, ThbL, 70 —3ARIERNE, RAR, REZRE EEEN, HEVIILE
FHE SO B RERY ORI AEL BV, T-2——a B o — OB RSB E L —D& 4
R — ZITERSIR TS Ar-Sn RE7V A OBRES, SREHESHOHEIATREI 2~ Tw
%o BRAE, PYD—Au-Sn/Au/PU/ T OZBFAFERAL CETFHME (7SS 250 — 82 kEh T3,
FRE TN BEEBOT AN IHERED XRD HHIOFRERIZ >V TG4,

2. ERO5E

VAN 7T, PVD-AW/PYTI(6=0.3/0.2/0.1 4 m) DERETAZTA -7 &7 AN 530572
(LXDXt=13X0.8X0.3 mm)& Si#k(3X3X0.5 mm) %, PVD-Au-Sn i3 A7 BE(1.3X0.4mm, t=3 1 m) &4
LTCHI 300C TIRESR/-b DO THD, WEFENY Si H/Ti/Pt/Au/Au-Sn iLA7/Au/P/TVAN EF302 2T b,
PVD-Aw-Sn NI AL I AT T AV AN T2y 7 AR HZ 7 4P D RANETHEESIL TS, HANGRRIIMTS
FERAERIL7z, YU 7N ARRESROAY Y MIELIAL, E5 0.l mm/min OZHGEEE L, Aur-SniEaEHsy
AMRRIE T2 E CORE-FIT — 5% PCITHRU 7=, ¥ ANEEREO SRR L AMORIEITIZY A2 XRD &
R/,

3. REBIUER
3.1 WANERERAY T ;
B 1(a) (b) (c) I AMTRERA
DY I NOXFERETAMD
HAETHD, @IBESEITHE

DAZTGA T ERFETIvIR
FETHA, 7HMN PANETHE
U= PVD- Au-Snit A7 TR B X

Na, ()X Si k7307 a5
SLIHBDY L TN ThHD, g Bl $r7noRFFRIEE @G0T 7 T v o2 GG &R 7 DA
b FOEG R A MIELIAS
(c) DR AMFEFETT-T,

3.2 AN

B 2@bN I AETE A O#RX
Thd, I/l RALED LR T251% 200 -
PN EFDMAIER D RIS,
LOEEHREROERLY L INDE
HEROEICELHIZHIGL TS
OHIFBTEEL, v ooz R E AN
ISHIDB A TRIEL TV, Th
XERIVLEIIvI ALK ABNE
B Tnh, o, B (b) DFHo ks o L A
DEABIE © OIENSVR, L 0 001 002 003 004 005 0 001 002 003 004 005

L, AN/ B O@EEII RE Y, Stroke (mm) Stroke (mm)
THUEROD3. ST THABA, B THE K2 FAMPSH—ER OB (@R« X OREE « @)

—_
o
(=]
T
I
|
|
r
I
I
I
"
|
|
I
-
I
1
r

___________________

o
[=)
-
A=
.
1
|
1
1
Shear Strass T {MPa)

<
<

Shear Stress T {MPa)

| i |
val g b gl

o~

0470



VAR A BRI b BN A, % 1A REDLE
R 1IZETED PVD-Au-Sn BEABOWAMEE | pyD-Au-Sn BESTBD | Au-20%Sn AZD | WA BERE ¢ /3]
B« Ok, TRRH3 AL Au- 20%Sh iTA W/AERRE ¢ (MPa) | 31EEBREE ¢ (MPa) RS o (%)
FEOBIERAE o DIEOHBTHD, EANHRE 165 (130-200) 290 57(45-69)
© OFHOMERT 165MPa T, ZHU15 1HE3RAE o

OB 290MPa DF) 57%ITABE T2, IR A ML BEHER BRI PREES LR~ P R (Tresca) D Siton-v A
TR BREMRIE 159 50%C, S—FA(von Mises)DEAEDZ FUTH) 58% e A LHILIUTY B, S EOH
STNDS Au-Sn F B BDIHEARKOMBE CHEAESN TV VD55,

3.3 BRI OBER

] 3B ERBOMBEONEEETHS,
HAMRBRER TR A MIA U B 50 T EEL
25, SEOY A INOBRGBONIT 2B AR
TSN TODORGHD, BEHEOE WIS
r DIEAR/PERFOEIZ, &ERLEmIzSE7
LD (FEGO RE) HEBEIN, &
BRHLAHIOERS Y I NS B W A NTRE
DAEE NI L TOBODEH D,

34 XRD 57

X 4@XohE XRD SO 7 7 AN Thhd, 5
THRO QDT BT 7ANAZEL, 2 § DRED/INE
WHDLERD Au REREHEEYD AuSn & AuSn DFRVE— 2385, UL, EEL RO Ak b)
OTRT7ANV T AuSn DE—IRIA2-TOD, |EFAD EPMA 858672531z, 0B,
PVD-Au-Sn {BEEBO LR THID PYD-Au/Py/Ti 2RI & Au & Pt 2MEEEL, Au-Sn ERFAAZELZSBRES
BOWRRE IR b ok B s,

M3 BEmONETH () =200MP2 &, b) =130MPa &

1500 [ q.-? (&)%ﬁﬁ M 1500 [ 1 G)H% 1
AAu [ AAn

1000 i BAusSn 1000 [ - MAusSn
2 | ®usn [ | @®AuSn
Q Q
" 500 | " 500 |

0 o =4 A
20 30 40 28 50 60 70 8 20 30 40 29 50 60 70 80
H4 XRDHHHORR @BET581 ke, b L%y ARG B
4. HIERR SRR

(1] B, AR, FHEEN, BROKE, SRS~/ uie BiiAT PVD-Av-Sn/Au/PY/ Ti DE&BRHE
EYEMHEEEE, RESITESES 115 EEEREIS (2007).

5. WSS
BRFRRERE AR, FIIESEA  BHEERS CuNAHIS S50

6. HEE

ASFRIEN 7o > TR BN E LT <& LI MRS A AT F B v L
e R

0480



KEERHARSE N7 /&) 3V RRICET 25%

KT
BETERY FEEMEE

Loz

W, KBEAERIISFRBUE R
LTEY (F1) . 2005 FFOEEET 1.7
GWIZESTW3B[1], #OHT #HTY
I KEEMOAERIKEEMAREES
D 90%EAE A EBH TV D, T, S5
D) o KEBEEMOLRIIBEERD60% T
HY, 200 EIIBITABADKREHNEED
10%% KB EM TR &) BELER T
AT, MBI CHEBERERI Y arD
%Fgg%gﬁt%:zbﬁﬁﬂ%%m%
e s,

£
“
-
b ]
puch

X1 KEBEMTTS

— 7., Y o KB O£ E BN
I, BB Y B RETAREN
ELTH5, REIOER AT v AKBICIT,
SRBEFEFETDIEFRINTWD, T,
SHBOTRILRIZH LTI, REROEHE
FRIOATOMIIEL < | {[KRAER %
EH%k%ﬁM@ﬂﬁﬂ%%&ﬁé&%i

TOXHIREROL L, 2R MER, &
Pl FRRRE~ORIG, BYE AR
LT, BNRBEL-VO Y a L ERE
DFF(E2), Thbbi U ok
DOFEEULBED N TV, BEMIICI,
BRIZIBVT, 50 mUL FOMEES Y 2
HEIFE AV, 5% DEBEBRBELZFLEK
BEmEEAMT 2 IEAAEL ST
5, COBRBEEEMRTHITII, 1) FEER

BROLEETHD VY afEmicing,

AR LA ZHERICRR S, 2) P
Bx¥ v YT ORETOREEEMET S,

3) BIROBWMEL LiTs, 4) #R
RO B FHEHoBRE, £
OIFMRBRENTEET D, MR T, Y ayw
FHHEROBE,»HIX, 5) &R
ig%%ﬁ%&ﬁ%ﬁm\wﬁﬁﬁﬁﬁﬁ

tade) thivhaes, qerl Jevn, meslobe el wemy
IRhgm, MHmam E3
1 @ ’
= b Y \ SN DeHagpe, | G
LU
E-: " ’@'-a.____“ PStmins, dihsm 102%,
; ¢ o
= ! [rippus ¥ ¢

3 A MV | ! | N
TR 10T 2alE Indk 015 Pagn

%2 BELICE AR Y2 EROE

Zitan U 2 KB EMOEBRHRM
R#WMT O E TR LVEELEIEI, BRE
OHOED b LA, RV Az
EEND 5x10M~8x10" atoms/cm’ FRIE D FkE .
EREENOFTEANLEATD 107~

10" atoms/em® FBEOERE 2 L TN 107~

10" atoms/en® BRE DR E . BB Y O
KRG, B&FE YU o Rezeflh ¥ o UK.
RN EFRLOBERTHE, ¥, %
Y areEARAE T s, BEN
H, Fy &V 7 Fpingiz ik, £
FERRS U 2 o OBROSMEICKERERY
525, Thex, SRV a2 KBE
OB REm EEEBITE, ThbX
FaZe & UM T 381 & L B R iaiE
B, LI, ENLIEXDEREYY
T KBEM T O AOEBPALMHIT
EVEBERHL, o, itk 3 E
FrOBEMET LEEAIZE, EEBNERE
A BREOLSILOREN L vV EECE
NHERFRENRS, Thex, Thb
A B FERKELT A A B2 B %
EEMICTERDILERS S,

PLEziti 7= L 95 A F i BT, EiF
BEREEM R Y OBRENL, BRL Y a3
KB T D RFEBRBIILAIICE LT

0490



HELR->TWS, oo LEAR, A
MRKEZMABFREORIOL L, oy
RERREHEMTR Ay =g L Y
BT AR EFED TN D, KPET
. SFEEORREO—EERBAT S,

2. BEHV Va2

2-1 : %5
ZRET U 2 BT, BRI
ThEsa KRR HFREEAPOE LTEL, oh
FTIR, PEFYIVTEMERELTSL
FHME LT REROERAR SN TE -,
FORER, pRPBEEKICKBIT B 0Hx v Y
TTHLBTOHBREILEL, ¥+ Xk
ETHRRIEHBEEOCERERZ Y a0k
§g

{a)

(b)

()
E3 Wi TEM & ; &58Rke

Bitoic k&<, BER L Y LERRMER
ER X v YT HFEMNERRETDHICEST
WA, BEEEE TOMEORE, FRbX
R R i fE s R P ITAT U - iR EER
PIECHE L TWERIEEEREWT &, £
7o, FEERERCEMBPE BT 2HNE
NHEXRMEIZ T v 7PERFESDPLE -
TWAEREM R A Z L2 8N, ERAL
KA KFIBITZ2V I 21— 30D
FEEMNSHEMNNI R -TWS,

LaL, mvFrZicsory r LT
BEh2RMEOBESTHOHTIEARL, 20
R, SHIKRERLRMEAERENIE
HEHALHICTZLERS B, &7 TR,
ZiRAE 7 PEINEE (TEM) 8122, Spring8 @
SOR & A WVvi-ga 2 Ui XANES JIE
72 o NTRBLPEERICET S IR #IFE. PL
BELRYIZL 0 REpESEORAZED T

Do

THRETIZELSR TIM Ro—5%X 3
WRT, A TavA Ay, v raY Ay
WWEEFEN BRI EET 28 ). TNb
B DESE D), FEHG T B ().
REPREAINT WD, FMfSICEL
THBREMRITP THIP, BEFHICEW
TR IN D REEaSICELU T 5850 5
D, BRERERICEA LML s
FTNOHXMBOERRRETH 5 afgetE N @
LEZ TS,

—H., ¥YAMERC LYV EEESE8E
s U i, BRI 100 @ e %8
2B OEREENTWD, FROHED
W BTSRRI b7 v T ERERH
WEBERBAEZ L LXTHRENS,
HOHB KL, HRBESET LB, &
ORHBHIEEPEIERL TWHH 2 B8R
WREFHAHEEDS I 2 b—a b
oMM > T, T7bh, KBEMN
i el 1 e s S A SN 112V S N
HERPOINLEOLHE FOBTRES
ROWTTAHAZEREETHD, “hET
@D XANES DJIFEZEN S, BFEOBETIZE
1T 5BOMITRE OB FRERIZET A 1EH
BEoh-oo52[[2], £/, PL BIE,LS
., X TRMicE Y BB h-RkLv b
RERBEEZFT L. BEASPOLE LTEL
KMEOFENPERINRTWS[3], #FnbX
MEOEEPLBIETIZ. VbW ADTA VA
BHEIN, BESTLE L TEI XBDO—
BRAS. HR{U & RO A KM TH B ATHEMN
REIRTWA,

0500



2-2: Zftday Y 2 L REN

WP OXRBHmOER. BEOHERIC
AL BREE Y, BRI
FEENAREMREH O LARANRT, —
FH.F ¥ A MR AEHEROER T,
BEERENEBAIC. REORL TR
EL BGOSR AR S, F -,
fEAR I O BEBREE O I ERE
BEETDEE LI, B ERRATER X
h;‘:ﬁfﬁ“ﬂi SiC o BB RN = (F
4)

DEDOEHERNG, REROFEEE LT
MOFREREZZ NS, ¥y X MEICE
AfEREERC VTR, B Riiz£<
DRFZERFNFET D, fERREICED,
B 5 T A OO BEHE AR 0D Bt R IR B LR AT 1T
L0 ERT3, FoR, BOURBREBHIC
Mz T, EERAEEECB VT, MR
?ﬁﬁ?%%@:L\E%WKﬁcwﬁm

E4 EDS {8 : SiC DAFH

REHE P DRI X DAARRAIBIE HIAS, SiC
EATH S EREREAHILERRRATHS
RIREME SR T B 7D ROBERFRAA I,
BN, = —% LRI ETHIRER
AE R IEK, BEL—F -2 TFHIZ
BB S THRE LR % H AR
i, BRRAmEFEORFREZIRT S8
Do UEDZ EERVBELTHEERRS

Jthnmn hr

I evele
S

Fdnan b

Heater pusition

Time

™ 5 Growth-Remelt-Cycle (GRC) i&

XELHBN
Top

I:;n Baottom

K6 GRCEIZLVEEEERZA Ty b

7 (GRC ¥ : K5) . TOBR, L
FRRL DR A I X, RBROKE R
PRERELE (®e6) .,

LLED RKaEEML & TR EER O
BRNO  AERMENEIET 2 BEHD—,
KRB HENZ X 5 SiC DT THh 2 ardE
MARENT, UL, BRIz T,
HERFMNLRMR PR ZR. BEd L
BN E 2 A8 L Ty, &
BAESRERAREYLVHLNC L, BHE
RfERREHENOERLY BIET,

3. £¢&¥

EBROS OV Ialb— g VORBE.
5. BEiRAmITECST 508G H RN
M ELSLIE TV A AREES RSN,
B, BIERDICE<<EENDIRER
B AEILE TIE L. ENSwE s R
HEOREE 2o T AREEENREV, F2
THE7-IZ GRC R LM ETE S
ZEEFLE,

A%, HEHED TWA N KE L DHE
R A2 X HICIRD, FRICBITARZE -
E;zb%%VU:yx%%m@%ﬁ&ﬁ
=] &

BiEE
FERAFIAMEOEEE S 2 THREEL
e NN KRR S #RFT 2 NS, 3ER)
MRz LT ZHEEIEE 3 LA ERIC
wEHN T LET,

B35 R

[1] PV News, Vol. 25 (No. 3), (2006)

[2] K. Arafune, E. Ohishi, H. Sai, Y. Terada, Y.
Ohshita, and M. Yamaguchi, Jpn. J. Appl.
Phys., 45(8A) (2006) 6153,

[3]1 H. Sugimoto, M. Inoue, M. Tajima, A.
Ogura, and Y. Ohshita, Jpn. J. Appl. Phys.,
45(25) (2006) Lo41.

0510



L—Y —FRERROERGRICEYT BB ENREH

BROINTHFERSE  kF—

1. BIROERLEN

WE, BABAOIRFIZE., KPEREIC L IBROMIAAVWSR TV, ZOHER, SRk
B, UoVRFLRECLIBELEKPERE X EANOBERICERLTHRT 2 LOTHY, FHiRL
WIEETEAHEREY LD, L L, ZEOBRBFIIBWVLTH, HRENEIBBICBEYS 2 2REN S
V. TOMBEBILETH?,

WD ELDMES 2 BT 5 RS, R F2CEB o TARVS, BETIEET S FEN
KOMPEBELLNTNWA, FOUL2KL, BLURLEEREOFEND S,

BRI L DR A OWRIEE Cid. BRI Aho TERTAHEIREL BANBANTS, LoL,
ABPRIZEIEHR2R Y, FRORSLIMEBLEE TS0, BR5HR» LA LI-EREi, #
BIZREIFFIZIZEE LR, 0D, BRI LW HERAIMET L, RO ELRBIIEN-T
WREWOTRZVLLEBRIN TS,

ZOMBEZBRTLDOFHEOGEDL LT, EELH, L—F—HEHBELAYV., FRNOTE
S ELE TEHBEORE*H o LOER IS FiE (BEMIELEE) 288 L TVWa,

FIFFRTIT, HEMEIZ/ LA L —F—FEFRHE L, AL TERTAERE & 54 S
WhH, BELAEREZ LY F—7 5 7RTARLL, EXEREOCEIRELDET S, T/, 1§65
NIZE R %, B NFEA»ORET S,

2. L—H—BiRKhERHER
M1imRmT Lo, EHOBWERIEEZERL, T0&E

WEATA FY5 LIk MBROBELABRICT Cylindrical surface

%, L=, MEmd, BEROBEZE,OEHRINRT 1y ke
VWa, IOBRBEEZKPIZREL, QEmIC LA L—F laser
—HE BT S, L—F—RIAERETRR S, RE beam
VO K E BEZBREMNICMET S, BRI XS § _
BRIGEORR, ATICHERENRET S, L—F— Piled tin COMEEE  ter
R, BAELAERAREER UBREEL, Bo.

BEEmicEALFRICEET 2, LER-T, AENE Fig. 1. Generation of laser induced

cylindrical shock wave.

THRA LUERER. ARPOEICEN TEERT S,

3. BEEOTURIEL

VP —FREREOL Yy P I VBEARH 27T, M2 @@L, VA L —HF—RBRE 5 0.84us
BROBRTHZ, SEAPOEMIRZZRBVEABER CHRENA-ARBTH D, ER—Hx 415
REL-ABBOEREREOTHEB S L CABPOMICERT2EHRENERTVL S, K200, &
BEAMEPLMIZER LARBE T LTV E,

0520



4
Cylindrical conversing 3 Y
Shock wave Focusing £ 3
/ shock wave z 5
_ Pulsed « X g2 221 3 gontpa
i laser 4 7
2 |
beam \ =
(1] . F/V\,,\‘____,_.
| L NEONIPY
= 2min o] 4 3
]  E— Time (s}
a) =0.84 =3.0lps . .
@) HS (®) £=3.01pss Fig. 3 Pressure of focusing laser
Fig. 2. Laser induced cylindrical shock wave. induced cylindncal shock wave.

4. ERERREOEHER

L—F—FEERES, HRP LI ER LA 2 DEHEEEAR 3107, Hikk, X L—F
—RBENL DM Th 5, HREOCENERIL, EEOWS L AEOSHS» LB INTWS, BT
EQEABIRPEEL . ZOFRIZADENBENRND, EOEHOEMEIEIE 65ns THY, /<A
L—F— O HEHE 30ns LV BV, AOEHOREEIL, # 200ns ThH D, EQOFEHORKEIL A
DEHORREDH ELZLEZ W,

5. MIRJFAMRE LS

L——FEERROFNE: 25 bHLMREI, L—P—FBREEBREOFEZ, L—F
—ABBHEINIEXREBMEF CBORE 2 HRELFREI DI L0 %S, LadoT, HiK
EATAFIEDZZLILLD, LAEBROBRAFOERELRESED 2 L BHXS, TITELUY
MAEMECHEALEFETHY, BRICBRNEE N 2T 2 2 N8R TH S,

TRMBORE . BEEMEHIEBRUIZARMbS &, $HEEEmU LOBECHET A X UNKE
THIENRDD, EFEERTHENE &, FRITER 2T LML TWS, BEICH
WEBNZAR L, AN TERESIE ST 2 EAEENT, BAEZ LV <ERTE R T
5, IHIZEY, LODROLBRICBEATERELNSH S,

A oFaR—LavEERGRMAORR : E3TrT 5z, L—F—BE AR O EIgIL, 65ns
SRV, BIBERAFICRT D1 v F a— 1 a CRERESUT, BRAOFHREFENE 2B IR T,
LVEVCRIEBNNSHBEIIRD IR EE TS, Zhid, L—F—FEEREOES, X ia RS
BERINDZEEZERTD, LIL, 4 0Fa~—2 g  RHEROEYSMIT., RIETIEER TV
vy,

6. RROLK
A AR P S~ EEHET
7. WRAS
HRERE SAF— BRENRFRE R AT LATRR
MR HE FrjiFnR TUNRZISRAAEMRFT EHAIEEM MEN¥SH
WA IE FEEZ NINRZFISA SRR A R E 0%

0530



RAKEZBAVE-RRREORBEAES L VA REERICAET2ERMR

AEBREIFEHER o |2

1. MEOER

BEOTR HEETHIRERBIL. b/ =HLRENRD 1 5ThY, HERXHLEL ORI E
Lo TE e, BiIZ, PEETo 77 A AR (BEERE SN 20mET, KRS LTRBEL
TEYRAELQERASORTVWARY, SEEENMEEOHIBIT., HEE L BEREE - EikE e
Lo TERTALT DM, TOLEDICIEE COBBISHOHBRRAKRER L, TEOSEH T,
Schoenherr & Karman 237 O4EIZ YHiicm B (&8O RER B, KSHALEBT) BECAWS
NCEENL L LEE, ESNOESIES BEOR LS, FHHEIRK SRE OMIZH 5 %0
ERHLZ LB ELTWAI2], KRR TiE, Schoenherr BB~ ERIBELV 2D, B
EOREMSEEANWSZ LT, MEREOREBLRALS ZL2ENETS,

2. EREMH

RERIIGA NN RIRESBR I EERAE CR I 2o, BMEEIIERE2RB LT, —EHET
BMLUABROEWEHATS, BROREFEZ, (1) BAHEALUCHEBERSHICHRETS, (2)
7e— bR AVCTERZEELTHREL2 Xy 2AT5 (K128, O 2880 FEFRA-, BiFE
HBIE L P 20kg DRAEHE AV, HEITEL Y Y 5kg D E— AR — KL Lo TEARH
FEFE L7, FRIZ 3m X Im X 0.03m TR/EL, BiifEiIEMEAE (10:1) & LA, FRARAR, F
HWBIET A @@Jﬂzi%%%<¢6tbﬁ%ﬂﬂﬂﬁA%ﬁ&Lw%@z%n—w%:bfbéh
¥, BRIy~ (BEH 15° . B 0.3m)

%ﬂ@ﬁﬁ%héi?hbﬁg/% TI//%ﬁPﬁ
WIBSIZIZ, TREBDEANZRS FHIC 4 EOME T,
NI ¥ w8 (LY 70mmH20) (2L 0 EBIL -,
L~ EERE, Py 7%y (HE:

1.0mm,2.0mm) #AiE»H> 20cm OB IZRE L1,

BMEEOEEE 0.25~2.0m/s OFEET 0.25m/s HH
TEAL &S, BKEH 15em MR T4 £EBEL TERS
BIiolk, B, HHEIF—ZILIEBR /A XL8HME
HOWBDRRBPEIThE200, ZEE7 o1 ¥
(Wavelet) #BWTERELS, KATFT 2m £ THIEE
1BiIZX05 THY, PHEEOHEZTRE S HM L,

H1 ERECZe— MR, EHie— e

3. BRRUER
HIEIND2EHE, FRORHOLA GF (QEEER, OFSEE AR GRiEs . FIBHERD |

@Y v Er 7 UL Yk, (DBARTERAR RS TN, WARS hioBid 385h WER %
Fhydne, ReTEER—FORAIE, FHEMIC

Fh)y=F'(h)+F,(hy=F " (W+F,(N)+F, () + F_(h)+F ,(h) (1

ERTIENTES, ZTF (M) REOERFIATH Y, Fy(h) Kit@~@Q0EABETh TS,
Lil, MELZARIZHBT 2 L3, BOo»ORTHBOBRLUTIIE LD B,

M2 M)y Er I ULV ERBELRVBEORERTH L, ZORRTIE., BIRESLHLRELLE
MERBEHLIEMEITREEIL, AABBLZRECHK L2 5. RHREBENGHIT.
C, =0455/(logRe)’™ - 4/Re » BHb LND, = 2T, LA / VKK ReITARE & & RATEE IO
O%#ﬁén AXEBUBIIET 2T A—FTHD, RICEFER (F,) NBKREXAIEFL
Bk ThE BRRAEKTORERNESIEETEILICLD, 20EBEX vy UATH2ENT

0540



&5, EoT, WHEHER (F) 2BRT2 2 LIl Lo THEHOWANHAITE S - Licky | EB
TRy v— 7y PEFREGICERY (T CRIEROBR 2R AT, B O7-HIC Hughes 12 L 28I
EELEE, TF L LERUCEMI Y < —FK LTV,

Yy B IUA Y ERE LSS, BIFEShBREAIC M v €L F UL VICL BB (F)
BIEDZ LD, BRAETERC LRVWEDIE, Yy —7xy VRRY T TREESIER (F,)
OEBEFEHRTEDLRRICADVTELD, 2F0, MESNBLHANNLF, BIUF, #8E L B
TERFRVWI L EA2S, VWE, MENMII TRKESIVKTFELRVEEETS L, h2E2 TN
RHETHE, ZOENLHEORAF () 23BN TE3, LhL, Z0OFE2RAEE, B
EEIRTREIT, LA / A X Re B/ E 2 BA10IE, K S 0o R & RIREO—Ie R 8,
ReZpE < (>4x10°) 725 LEABRR2-TL B eibhotz, Thit, ) v EL 7D A4%
BMERREEEZ5< Y, FRIZIAERIEAF, L MR IRVED EEXLBNS,

BTN 0L BIERIER & R D 5415 L LT, Michell A% L 7= Thin Ship Theory 3% 53],
OB TIHEOSLOEENHNLN TV A8, REHE & TERBAR—BITED v s, EHEAER)
BERTEILEILNTVS, M) Yy L7 U4 vOERIEB LT, —ERPoREORANLE LT
A—F— AL DL BFEETHS, #IZC, F,% Thin Ship Theory 2>6EEH Y. F 2MtE0
WA (L, F0EHafE) S LTRABLAC e -
LinE0, BOWAF (W &sELE, L1A | o Premrsat # :Hughes b1-0.16 |
AKRe N ERIBAICIE, F, L F2WTEIRE T S ssioaRa 1 100Re

[x10%1390

40k == == C0.4551 bg(Re)) i
TE, FOBCYH & E AEREEOERA TS L
iz, Elafira=06LEnE, BEEE © |-
BHURE A E 310 d, 2T OAEE R Osaka 30
B, Osterlund & @OFHIERIZEESICL L — [
HLTWAB I EAbrs, 2.0

BBIEENERF, iZ2WTE LAV, Zh
R TARBBRC O I A2 RO AR HIMEES
WEELTWS EFX TS, FRER TR, (a0 60— ———T
SHEICHK 15em B CHEEN EEBIL TS R S T RS
DT, ZO@EAVT, F, 2 EHLARREEH 4 Ui
KR (2L, SRR, WARELEHE & a0
BORMEEZBIZ-R), Yy —T Ty VR Y -
HEBELHBRT2LWONA2 LS, HHEN 30
@E&%@UICE@( ﬁEfi—'—ﬁtﬂ*ﬁE%ﬁ{Ebtﬂ - © Ten PhieChL=0.21 2 Test Flae Ch1=0.1%

O Test Plae ChL=017 < Test plale Ch/Lud 14
M | A Iy Ll

Bz FYoPrITAYERGRENEEOERER

WIERENB, *0 U Re w?
H3 FYoyErdUavERNREE OERGEE
4.

FRADOTHRICE 7 v — PR FEsg K0T o e T T
WOBB, PRERIZE v—T=y vRRYA T e T
B3I LHRARTHY , Afi~ofegizz by b " Mol v male |
yEVZUAYERCT, BAAORS ey O | N, et ]
FETHRBEEB RS LENRD B, 5%, 4.0} H“uh . .
INLDEEBEL, THRE L VERMLLTRE | —croussogroy® TR
WA L S5 0 L FRB, sol T L L e

10 Re I1H

H4 FEEIBEL D ry—72 o V5RO BE O
[1] Schoenherr, K. E., 1932, Resistance of Flat Surfaces Moving through a Fluid, Trans. Soc. N. A and M. E, 279-313
[2] Hideo Osaka, Takatsugu Kameda, Shinsuke Mochizuki, 1996, Local Skin Friction Coefficient Evaluated by Direct
Measurement Methed and Mean Flow Quantities in a Turbulent Boundary layer, JSME Int. J. Fluids and Thermnal
Engineering. Series B, 138-143 3] #Kk /— +, 1 0 ERF BB BEipp.302:370

0550



ARG EN(FAD=0R

HaEfEE
ERRFZEFE BN Fx

1.7 &

#) 40 %R, EE® Charnley 2MEBEED A TARREE 2% L TLUGE, ATLESERIRE
TR TCET, FROAMER EIC L 0 REBEHCHBEH OEEER kbR, BHITOBEN R
Fefo LIt A% IZx LT, BRAETIIEM 10 FHUEOA TEHRBHERINN{TON TV,
ALBHOBRIWME I TOMEL X EFH 2 A IY CTERIRL 2L ITHS. ROL
AAEEE & TR N, i, FEMEL AR TH A 5. SHIRATERLFHNARD L
NAZLITEI>ETHRW.

FERRFZEZHMABBREO A TEESBBRTOEZBEERIL 2006 £IT1T7 5 08%% %, X
FREE UTIEEHLTEBY, 200 TRENEODPLN L F—LsTWnE, ZDE
MK 2 Hh, WEAKFEEN - BTEER . WNKERRAHZFERS POz, Lo B
THROAEBIZAICU - ATES AR h b OFMEEZRR TR, 2003 £LY
[(Fadxy b ATBES] 2325 ki, ¥ C280ERLE 4 EOEFREL» T TR
7. 2005 1 A L O EBEBREEZSHNIC IM (BEAF AT Y TA) OXECLY,
SEOFMEE [A TS ARESHh, ALBEREOS LW ELHEREDE
i, EEBBMPBINTNS,

RE, FADPRVBATHDIRDOT—<id MR AEFECHE LEALEESH OB, Th
D, IOT-<rEBRTILDILEEY, 1%, BHEE HS\WE, LB #HESLRY
DFBFHRAEEH/EL, ELIRELE KL L orBRYVELARRIR Thi EEZ TN
3.

SEl, MREICSIERHE, WNKZEERHERTHRRES TATEESE S/ A =7 X
TP TE LI LITEGERVN T L Thh. HIRESHEBREEVELWEEBEEHERIZT
DALY TBMA R EEFITOLE OGRS L EFET.

2. 7nydsL
BH{E B 2006 £ 10 B 21 H (1)
& G E2FFEENAT ARSI BT

10:00 BARDE  HFR(EERZEESSE)

tyiarl Bk EE BN RSB SEZERTD

(1) 10:10—10:25 (AT By T OBRERAE)
B IER (78 KFEESER)

(2) 10:25—10:40 (ATHESBERCEATEIFBRERE)]
HIFE M (B AFE L), AR —ER, B 0500
REE T (AHBEAFRE), SR (EERFEEFE)

(3) 10:40—10:55 [THREO 3IRTHFTFAEZRAVEPS A7 BLOCREATZA LR
B EI DI At REAZ AT |
BREFELKER), BRTHE, BIEZ (WKIEHRER), KA
PE

FrRUBFFREL BRE A LR LK T ERER)

(4) 11:15—11:45 P T2 —Sava v ATEB&ERYOBRYEF 7T
B+ 5H %)

0560



B Wk (EYERMBHEAEREN, 2 FEFEHIEBLE
MSERrgeRT), IWAEL, & EW, 12 FE

(5} 11:45—12:15 FA TS ORAMR ]
BEHES (RHRFEHEMARE L 7—)

RS B BNFER (EEKEEFRL)

(6) 13:45-14:15 (REBAER BRI T2 R A 2 HORR S — T A AL 3wk 7o 3l v
BEOER—
TR BA R IIEIRER)

(7) 14:15—14:45 TATEBEEICBIT DN v T R A DA NETOHE R A BN S
FDIEA (EE oscillation angle KEXV BRI A Ro I BB
NT) )
e SR (RREMR R E R A R ARELD)

Yoiar2 R E)E (LK TFFER)
(8) 15:05—15:25 FA LB ORI L ZOER = EE)
A EsER (URTEHRR) , BILEA), TEF5L, RHMM
{9) 15:25—15:40 M5 A2 A P\ V- % BA A v Bhis
8 FUEEKZEESEE)
(10)15:40—15:55 [P B AR AL ST —F o ARy RS |
ARHOEREBEXFET L)

Eyiard EBEGEER (EBEKFEESLL)
(11)16:15—16:30  NEEHhTE A TEEESHERGTOBEA)
RS (A HEMARRE), B B SHM)
(12)16:30—16:45 [SE£)E dh A TR OB
HFRE (BB RFERE)
(13}16:45—17:00 TR N TR ORIE dh: R BE C N J1EAT
HEE BUSAED, HERE (EBRKZESFT), BIHERH
g #, #hiHFER

17:00 =0 R B USHPD

3. BROB®R
(1) TysuwFThyToBEE#E KEEHR
ANTREBEROBmARI, RE, JEREZI KL LNTFFA DRy L TCHE YA VT
7 DR LEOBRIERAIZ OV THRENRDT-.

(2) TATHMHERIZPTIEBREEZ] Mt
ATRMESLBERNTIC LA THESREORBLNLDOI, EREA X & CT EighbH3
KBREBARERET VEERL, FRERBITEZTD, £EFIBUAEAISFOENE
MLz, o, ALBBEEH MO aAbRO-. ALRESEAGROBIETF /%813
T2l —h578, ILRBREEFIT—F MSC.MARC (R E O T Lf2iF 2 4 5A e i sh D
— P —F o hERR L.

(3) ITROIRRNEETNERVEPS 24 TEXUCR 4 4 T ATHEBR OEMKE
i1 wOxE

Khg- B E - EEREHE — L L A TS EBRBOIRTHEET VERE L, ZOEF

M, IRETOEFT VAL LB EF DA R BH E RO Bl 21T hiav

BRLOTHLW, BEi— -2 MNEADBKRAATEBE, D EEEES, MAREMEO R

0570



BV T A 7R EORBRERVESZENTED, SHRIBZOEFAERAVTIIaL—Talfig
PFERITV, 2 D ATEBEISA 7R ITEFOBAEDHEDOT T, ATEBEHOESRES
BEE E AR IR R Y 2 E BT ROETFETHS.

(4) ¥l ZSaL—23vEMNEAIRBERAYORIYETY L YICHT A2HE]
B %k

ATRBEHEARCRBIAMBELSO— 2L C, ALBSORENREELAD, T 038R+
BIDDHIHR, HHVIAT AR v T NAEROIBASB 1S BE) T 3RENHTFLNRE. =
NOHITALRRBEHEAFELOAZABHEOBEWVIEAAFNRESL, A TR OE
EEAMBIZLSEAEPRLILEB RTINS HIREOTIZL-T, BOWRKDBENE
BLIIzIiZA LD, ZHLHIBEA SRR T 370120, A TRBEHEL ToORAIOHEEY
AHZENEETHD. LL, EFENICRA TG HOERII R ETHLO T, EIRERMAT
B SISO BEHEE VS R SR e FBERA, 51T, [WB4 R B BHE
BIEABACIZEYE ORRFR TR - R ST DB ETHLES, In OB T O ERB
BESELILVIal—arBVERRS, UL, INECOEN CII Bz S o mR g
WTEHETEET Thofz. T T A FERILCEL2H W25 BE  HEFrBHHRL, 25
#RIET ALBE O N FERFRF T A—FERALHIT B0, BOAFRERER (V2T
YIVEERL, VEFU SV Iab —a R B RE L.

(58) TAIEREHFORAERL] EHRES

ALBEEHA% ORREERIIL, RV OREOTHEN, S>E N 2T LTS, FOEHEMED
HENEBROBEO R BEFIAELRIZNEL T, ALESORMAMIITE L EEY 5
/5. £, ALRBESHONBKORERTH, 0B OREAER T A LT TEAR. &
BEHEERLRKTOWWOTHIE, A LBREEHOTEI RV OEEAT AN TEDILT
THD. BBETIE, FATTAVADRRUIRE-T, BEHL VB A0D A THREEO T FA
YERZIZBL, FERREI, EYIVESFEORITF LN, FIIR—al IEOLRRLT, A
THBEOBERFELRETIMRENELN-OT, ZTEBMNT1T5.

(6) TEMABIREWI=XT 5EEDPHRRE—T7 54 A2 FRTHEZAROER—1
=) §:=%3
A TBEIFI BT NBG L TR A58 TWD. BREEITIWTA TREEIET WA 50
%ﬂf;&“%%@%%%@f semi—constrain type BN —iR{EL, 20FE4AFREL0%EBLABREL T
T, AFFWREL TRUEIILIERELFMEN TWS, LL, ZOB0ORRBIZBV CRASER
EoBENL, FHAY, @B E AN BIEL D, T REF OMBESAREVHETEA
TE REALE DS THAMED, RERBRBRIRCEE R SBAEI BT A LL RS HIE
s, TNHOREERIEERNFHIRFNITONAEIENE -T2, FRTIAL AN IR
FTAHIEOREAFRELISFL ERBL, EMEALICE. ZOMERROE RIS RIC
DT EETT).
(7) TAIERBHICETI Dy TRy VA BV CAV PETOBRATIMEEZOBRA
(Z# oscillation angle KESLEFH v TRy Y BRBREEIZONT) |
4o
AEETIT, BRAFBROBEEROER, X7l BiI a2y 7 SRR BN
EHFHDIER oscillation angle A3 v — 7/ A BT RE, Do 7oA LS 7R A
DERMALAH B, oscillation angle D RESEAYRE, o7, Bl EEOBGIZ W
THRET.
(8) TAIMAMIOWMEELE TOEREFTMI HLEEx
HEER LTS ~OEERIZEL T, BE OSSP EEAMFL B T L TR CELI ARG
NTND. 724, BEEBEESCEEY < FNETL, SITSRREEL7EVEE BRI 27
LHailid, ALBESBERMAERINS, HETIE, AT, ATEE, ATHES*3:E

0 580



LT, BN TREMIOGBHLLLOFHAEmEN, EBEEORELEREL ) RERELH
TWD, BILEWRENLE 5 TEBICESREILRDE, HIABOFEMALE TETERORE
KiZEY, CHEEEICDLA RS ELEND20, ALEHEBBRFOEEESERL TS, L
DI, FFICBUN BRI ORE P FHEMOB L ELL, ATERORL2RAEIEEBRT
WeET LB ANAELTRY, A LRSS BEREAN OB ERI ML KA
BELEIN TS, ARE T, ALESICB)2BEREROMBEARThLORMBRRRO:D
DERREL, BEUTORBREIFMIZ >V THHR T2,

(9) THEREZRAV-EMDTERE] ithn 5

R T AP ANETORR EOKBE T8 (B ROM)ZRBH T30, BEED
EXH RO TEHTHI LR BBR T, TORHIEOEBIZ YW TIRETS.

(10) TREBR/D—FIX FORy FOHEI XKORE

MARR-BEECEETESD B EAR COFEMLTHERS L0, SRICESEEN AL,
EOWNRPCEEL HBYT22B BEONFTHRE T —TF U AMNIR Yy MMARE T 5. PERALR
D=7 ARy ML, ERGIZIATEESELTRWSRDZ AL, #H T A TEE, H5Wit
RIRTA TRIEIE L CA B ST O, BEFORBBVOBERBEZITHOTHS. Biffr
YR AF AL TOERNLFERIE, ThECHRL2ED CEL R EAE#BAL NI AEY
T arRB A ONA BB AT 7 ARy RERIL TH S,

AT, BEEFOROREMEEIEAIEORNAESZHBT 528 HEONEEEL D —
TAoRy hERETS.

(1 1) FRESTECAIRPHRREOMESR] EXE—

PS I TKA T35\ T, IR~ R D FH AL OEBRIEVERR thx iS5 LB afREL /2o
TEF. UL, BEEAF R B L TR AL S BEETS. Fhbo2<d3k
R, R T OFERCFERBEIEN T RWLOLHS., IR T, EHERLaB—
R RDOFHA AT AL TA DR IT o7,

(12) TE2AMATERHONR) HFERS

In the present study, three different kinds of mechanical analyses such as 3D model analysis of
lower limb, motion analysis of cadaveric knee and finite element analysis are combined to understand
the mechanics of the newly developed joint, and the problems found through those analyses are
thoroughly examined to accomplish clinical application of the knee joint,

(13) THFRAIRBHOFRAMRECOGHER] #HE =B

BEERRGAENR T2 ATEMESDIZ LA SIEREEICHBRRH L0, BEAOEEREN
EZITED LD EA~DFELIR A LA FISIDER LR, LAl T, TKA Lo AFEioE
ST 5BITE, S6A25BHAREERTAIHLVT A O ATHRESGSVERIYRTHS. =
DL RBREROT, EBRFEFHEFRAFREZRLE LABRAFARN -1, Z2BHEZBEHELE
FHATREHOWRAFAREZED TVE. ARFE T, FaNBETLIHY T LD 3D-CAD F—
S FEM MBITEF A28, 0EAL 1 35 EDEBMERE CORHBRIT2{T-~. Boh
TREERELY, BITIREAS Y — PO AREBII W TER L.

4 HiHE

AHEESIE, WEE, KANFERERERFFEES L LTCRMOTOESE L TZOWES
BB FRMRTES L L TAY— L, SEET2HBA WX . AEkitS 2
ZEBRBECEBOTHICEELRF—<0—>Th5 TATHES) »BEI L, BEXLI%¥0
BREPLRAMOMEEIZLLD 1 3HOBERS -/, BNELHEEE 2 S OKE, FHE,
TELIVEGHA5L0BMENSY, FHELLEELERTBRLCEVWE:, AHIRES
B, ZOGFOERIZEREREREEZEL L2 #ELTHER N

0590



(R 5EE2)
NEEEIGRE, HOMABMLELET S

WA FT VT N—HEA H—T = ADA|ER

WaREE
ALK FH s
{2 ARE—

1. HRESOBW

- A AT UVTARE (A F -T2 R) ZBIETITAYS =R, &
WF. NFEOEEZEERL LT, AR, SRNEEIGE. ERRERHEE L BE
L7cBRES 7 — 7 = AT AH- R R 2B L, D, ERoEELmiE
LEEEOH-RRRBEIENEIIET A 00 3BT 3WRMEE. v4bb, Hibk¥s
BRI RATAEGME 7 — 7 ALK FHEEFRR DEEER S I —7F, JUNKRERS
BAOEMRFRERTIE SN —FIC L ANRES S EST S,

ISRAIEMRT T, EETE 7N~ EHOHBEN S5 & 08 g ik 358
B IOEEHIFEISEIZET 2L IT> T\ 5,

B AXEFRAFRESITYER 1 9E3 ABRTHETETETH 7. L,
LOMRESICEEDORVG ORI FICET AERY R TAN2 A1 8 BFENLD
19 AT TERERY ¥ —CHREZNDZZ LR -OT, ZhiE&hE, 24
17851 8 Bl T, RILKFHEFHER CRE L. BERNEOMELRT,

2. HEEE

1. ER7ZTZ AEEEZ 3 DML F 5 A8 L~ P
o RBE—, $TEHEN, HE 8y, iR o, KESEDe, SNBEAe SE 2
(HAbR% AFREFHER OIS AT ABESESF, +4 BHEgerr
o BT AT 2R 58 O I SR AR 50 8F)

BRBFF AL, FIREAHECEIBIECBEN TS I ML, AT T MEE LTHEE,
BEANTCHO LR TV, F2U0AHTIEKESN, 4 vidaFFr—a hal,
F R OREWMEIE @HEF 5 (Tioy) B OMEIZAS L 2 AKRKTHEEEZ LR TS,
LinLFZy, FEUEELEBT 5 OBRRRIKRECRARBD, F4 MR~
TP EET ST F VBRI B iI0Y, Fu RBEAETIESLERSD,

BFYA bz 8 (BCR : Flectron Cyclotron Resonance) 7% Z-wil, o735 X<iot
ATT T RAVEETEFRERNSOEBEERT I XA-ThHHI0, FF7 B E~OER toii
FEURERREAFTES, FFFET, F2 2D R 75 X827V, FORMESA)
HEEBER L UKL OBEERE L.

2. WEICAD/CAM HF & 58 0E%
WHEEY (HILKS AFEREFREREa e e 58
F & o OEBEREIC I REE{ LB ORRCHEERRORAER Y, BT R L CRBERER S
NTNG, FOI DB TITEECAD/CAM & AF AL L BN L LEPh 3 X3 T o T 78,
F & RREORHEI THY . BVINIEECECT AEGSEEL 2o TWA, THMIOHE
ThHHFZ AR OT T o OO L 3T RERAVRMDAFATEAH S Ths, TEBIEHESS
BERLZDEBITTILAYERE LWL S R2TE (RSN i< D8 SV 2 2 L TR
MItEZE W EXE, ST & OB LR - TV 5, KR TR Omatz ¥ o Sm b

0 600



EOREIG &0 L 5 AN A v, b0 iiF ¥ 5548k LTt A EE i s &
BTN EN S UWERBF 7 8583 EBRTEARVEA TS,

BETTF I AEY 2 BEIEAEBZFMUEEETAI LT — EIIFCHRIE L, HEA L
LT RFHMIE T > TE L, FORR, W<l CHIMMN T & MR B H#iF 7 > X
NENTHDZEMBBELMIA->TE A, -2 CiTi-Ag &4z W TS+ 5,

3. VBT Z AT A (0CF) OFFHAS{LIRESE
NEEA, AEZED REEIE e RE—O, HiRE!
CHRAEKRE  KEBTEAATFEH SR O A A A4 8F, (A ER A A E g v & —
SHFHSER O HE o AT AREIRTE)
VAT Z AN T (0P Cagy (PO 4 - SH,0) FXY KR F 3% 4 kb (HA! Ca,,(PO4) 4 (OH),)
DRRBE TH Y | FRRIZTEDOZ T ALNE, FFEPEOHA = b v 7 APICEESH TV, OCP
(AT pH 12V TR EMICAEE T, HA ~F SNk R (EH) Ta5@80E605,
febid, G P 2= U AEETEETHL IS » FMAERORB{LERIEHSITBAT S L,
HA (2, BN TR SN > oBRFE L (BET A 2 F 2 E L TE 09, ot 34EENB LT
HEHIP THA IR T 5 2 L2009 0P & a5 —4' L (Col) & OBAIE (0CP/Cal} i XA BEA
EWTS, OCP-HA SRRMZEW NS Z b iY, 4E, P OEEAESYBEAICTAE
BT, BEEMEE LTHREISAESNTWAHA 5 3 v 7 R L O, EREEMII S D4
WPEEE - SHfbRER R Lm, T, FEEIBWT OCP-HA S EE L E 2 bh o2 b, OCP
&3 F—4 (Col) (THTH &7 0CP/Col 1735 A AR S T Lix,

4, MOOVD (2L BARES Y5 I v 7 R a—F 1 il

#iE, EERE BEEIERFE SBUERRERT
Ti BLUTL BT VAERESHESINTYE, Bh-BREMEE2E T 00, BRSFIIE
WTALERCATEREDA 7T b e LTHELSERAERTWA, i, €53 v X8
A OBRGEEOEILENLL, 175y FORKEEHA X LEBmOLEDIIES I v P A
a—F 4 LT SRS EB TR TV 5, L LRSI (MOCVD) #:% Vv
EEEAEE T T v 7 ABROERBFIERY, AFIZE TR MOOVD 354 BV T CaTi0s A tso 213
Ca EAYZ Iy AEEERL., BUBAEE, pRISEE I RIFT RIS L R it
RO A FRFLTAZAL b (HAp) OEREOET T~

3. Metal-on-metal wear behavior in biological environment of high carbon cast and low carbon forged

Co-29Cr-6Mo alloys
Akihiko Chiba, IMR, Tohoku University

Cobalt chromium molybdenum (cobalt chrome or CoCr) alloys are widely used as implant materials such as
hip and knee prosthesis due to their excellent comrosion and wear resistance as well as their good mechanical
properties. Although the use of the CoCr/UHMWPE bearing couple has provided consistent results in total hip
arthroplasties, wear of the UHMWPE component is a major obstacle limiting the longevity of these
reconstructions. There is renewed interest m metal-on-metal (MOM) bearings in view of their potential for
greatly improved wear performance. There are at least two possibitities for establishing the CoCr/CoCr MOM
bearing couples with the greatest wear resistance; one is the couple of the low carbon forged CoCrMo with
itself and the other is one of the high carbon forged CoCrMo with itself. Thus the aim of the present
investigation is to reveal the wear behavior of the MOM parings of the obtained forged CoCrMo alloy with
fine-grained structure and without carbon addition in comparison with a high carben commercial cast CoCrivio
alloy (standardized ASTM F735).
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Ahand made ceramics used for the tooth crown and worked by a dental technician, that is practically a glass
ceramic crown, 1s reinforced by white whiskers 9A1,0:2R,0, in an ordinal dental fumace at 9300 under
between atmospheric and 29mmHg pressure. Stiffiiess, strength and melting points of the matrix and whisker
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the use of SEM, EPMA, hardness tester and testing machine for various whisker weight fractions. A shight
increase of stiffness and a moderate one in toughness are observed, though the strength increase is not detected.

The reinforcernent does not give serious damage if the weight fraction is less than 10%.
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The purpose of this study is to improve the strength and stiffness of natural fiber green composites through
mechanical treatment, and to equalize the mechanical properties of the composites with those of glass fiber
composites. Cyclic tensile stress at 30% or 70% level of their initial strengths was applied five or twenty times
for single ramie fibers, twenty or a hundred times for ramie fiber green composites. Tensile strength of the
as-supplied fibers was improved approximately 50% higher than their initial value, if the cyclic stress is their
70% level and the number of cycles is twenty, while this mercenized fibers was improved in strength
approximately 20% higher than the original value. On the other hand, the mechanical treatment was not so
largely affected in strength for ramie fiber green composites, approximately 10% higher than that of the
untreated green composites, while Young’s moduli of cyclic-loaded green composites were significantly
improved, 56% 1o 67% higher than that of untreated green composites. Young’s moduli of the improved
composites are cotnparable to the level of glass fiber composites,
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3. Fracture Toughness and Fatigue Crack Propagation of Fiber/Particle Hybrid Metal Matrix Composites
K.H. Oh and K.S. Han (Dept. Mecharcat Engineering, Pohang University of Science & Technology)
We have studied the effect of short-fiber/particle hybrid reinforcement on fracture toughness and fatigue
crack growth in metal matrix composites. Reinforcement hybridization was achieved by a hybrid preform
process, and composites were fabricated by the squeeze casting method. Al6061 matx alloy and four
composites having different short-fiber/particle ratio were tested. The fracture toughness (K¢, and the fatigue
threshold (0Ky) increased with increasing particle contents, whereas the Paris® exponent () was insensitive to
the short-fiber:particle ratio. These results were emerged as a shift of the crack growth curve which implies on
enhanced crack resistance over the whole stress mtensity factor range. The positive aspect of particulate
reinforcement 1s advocated by observation of the crack path and surfaces. Based on the hybrid effects of these
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composites, the difference in crack growth behavior between matrix and composites is set out. The clear
advantage of hybrid composites both econcmicaily and in damage tolezance, is ernphasized.
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6. Damage Analysis of 2 Type 3 Cryogenic Propellant Tank after LN, Storage Test
8.G. KANG, M. G KIM, S.W. PARK, C.G. KIM (KAIST), C.W. KONG (KARI)
The application of composites to cryotanks has been one of major concems for lightweight launch vehicles.
In this study, a prototype of a Type 3 eryotank was fabricated with the composite developed for cryogenic
application and an aluminum liner, and the cryogenic conditions that general cryotanks undergo in service
were applied to it. For this purpose, liquid nitrogen (L.N7) was stored in the cryotank as cryogenic medium and
gaseous nitrogen (GN;) was used to pressurize it. During the test, the delamination inside the cryotank
happened. Several atternpts were made to investigate this phenomenon through both analytical approach with
thermo-elastic analysis in consideration of the progressive failure and experimental cne with a EN; immersion
test of cornposite/aluminum ring specimens which are suitable for simulating a Type 3 tank structure.
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12. Mechanical and electrical characteristics of carbon noatube (CNT)/Polymer nanccomposites
QQ. Ni (Shinshu Univ.), C.8. Zhang (Kyto Institute of Technology), W.X. Wang (Kyushu Univ.)
The nanocomposites with carbon nanotubes (CNTs) and shape memory polymer (SMP) were developed for
mechanical and electrical applications. The specimens with different CNTs weight fractions were prepared.
Their mechanical property, electrical resistivities and electromagnetic interference (EMI) shielding
effectiveness (SE) were investigated. As a result, for the developed nanocomposites, the mechanical strength
and modulus increased obviously due to the filler of carbon nanotubes. Even lower weight fraction of CNTs
could achieve a high level of conductivity and a low percolation threshold was confirmed. The electrical
resistivity for the developed nanocomposites 15 dependant obviously on temperature with a linear relation like
metals. The irterconnected conducting network was formed more easily than other fillers. The experiments to
evaluate EMi SE were carried out i three different frequency bands, 8~26.5 GHz (K band), 33~50 GHz (Q
band) and 50--75 GHz (V band). The EMI SE of CNT/SMP nanccomposite had a strong dependence of
carbon nanotube content and the specimen thickness at all of three frequency bands. The higher the frequency,
the larger EMI SE 1s.

13. Prediction of electrical propesties of carbon nanotube polymer composites
N. Hu (Tohoku Univ), Z. Masuda (Graduate Scheol of Engr., Tohoku Univ.), H Fukunaga {Tohoku Univ.)
Carbon nanotubes (CNTS) of high aspect ratio possess excellent electrical conductivity. Therefore, with a
little amount of CNTs, which are dispersed in insulating polymers, it is possible to produce the composites
with high electnical conductivity, This kind of conductive composites can be applied to various fields, such as
highly sensitive strain sensors, electromagnetic-wave shielding materials etc.

In this research, first we propose a 3 dimensional (3D) numerical model to predict the behavior of electrical
conductivity in polymers filled by CNTs. In this numerical model, with the assumption of uniformly and
randomly distributed CNTs in polymer materials, the percolation threshold is predicted at the volume fraction
of CNTs when a complete conductive pathway connected by some CNTs is built up. Furthermore, a 3D
resistor network model for electrical conduction problems of composites is proposed, in which Kirchhoff™s
current law is used to build up the system equations at different nodes in the network connected by CNTs, and
finally Ohrn’s law is used to predict the global electrical conductivity of composites.
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Sceond, the CNT/polvmer composites are practically made by us. The various DC and AC electrical
properties of composites, such as electrical conductivity, are measured by LCR mefer. The obtained
experimental results and other researchers’ results are employed to verify the present theoretical model.

Third, for the purpose of application of CNT/polymer composites as sensors, the present theoretical model
for predicting the electrical conductivity of CNT/potymer composites is further extended into the case of
composites subjected to external loads. The relationship between the strain of composites and the electrical
conductivity of comnposites is estimated theoretically. It was found that when the volume fraction of CNTs is
closer to the percolation threshold, the electrical conductivity of composites changes more significantly when
composites are deformed. Also, the experiments are carried out. Both theoretical and experimental results
demonstrate that the composites possess much higher sensitivity or gauge ratio compared with the traditional
strain gange.

14. Models for piezoresistance in CFRP laminates
K. Ogi {Graduate School of Sci. & Engr., Ehime Univ.)
This paper presents the mathematical models describing the piezoresistance behavior in carbon fibre
reinforced plastics (CFRP) laminates. First, two-dimensional models are propesed to predict the change in the
resistance and impedance due to tensile loading in unidirectional (UD) laminates. The equivalent DC and AC
eircusts consisting of the resistance and capacitance elements are considered to express the ptezoresistance and
piezoimpedance behavior in the UD laminates. Especially, the temperature effect is taken into account in the
piezoresistance model, The gage factors and temperature coefficients are expressed as functions of off-axis
angle. Secondly, a one-dimensional model is proposed to describe the piczoresistance behavior in CFRP
cross-ply laminates with transverse cracking loaded in tension. The residual resistance change and gage factors
are associated with transverse crack density on the basis of an equivalent resistance circuit.

3. ¥&¥
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(0 13:00~13:30 Computation of high order pull-back transformations for algebraic
Painlevé VI solutions

Raimundas Vidunas (FiflA - $0BZHIZRT)

Pull-back transformations of the hypergeometric differential equation occur prominently in the the-
ory of algebraic solutions of second order ordinary differential equations (thanks to a famous theorem
of Klein}, and with algebraic transformations of Gauss hypergeometric functions. Properly branch-
ing pull-back transformations can be applied to algebraic solutions and algebraic transformations of
Painleve equations as well, as was noticed first by R. Fuchs, and recently by Ohyama and Kitaev. The
talk demonstrates computation of high order pull-back transformations that give several complicated
icosahedral solutions of the Painlevé VI equation.

O 13:30~14:00 BI/EAVROOEFEARER

BN, BN EREX - T

B U ED ~DODWRMOMEE{ERICRTT 2 EBETV, MR —DOBAKEIRRIC OLE
bbb, TOBRBTIOOWRNLOLEFRDIRTLZERICIOEN L.
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EE AR (Ryik - 3fs)
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1) ~BREEOFTEFRFT IO, FEADESILETS
N) BEHGR & —MEED T & a3 3
P EDFRED () wBWT TRRZESHERORBIL 275 icky, SEMNC MEEHL 5
AEBIC IR B T L ARSI T 3.
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B g8 (R - VA7 LR TTE)
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S LDODHIRFEC X 32 EELHRERERT 5. S5, FBRRSOBEBNRHHO—fE LT
BEET Y 1 L— X OBEEBFHEBNT 3.
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EiB X HEK - EBEE) , BK KB Gk - 5 . B R Gk - B8k

RLEANTZAPREIRICE VT (Bethe BRAEFBAL) #EiELEEERET S, Chick b BE
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i, F—AWFRELIEREY 2 L—F ¢ Y H-FBR, 7oV INFRASE VY IINISVHTRA
BT END. ZNFhORICBENELAF I 7 ACDOWTERLIEWL,

() 17:00~17:30 From canonical bilinear forms to bi-hamiltonian structures

oAy oA VT (HEL - BHEEE)

KP FEBOMM e LTHEN2 14+1 AT Mo RO bi-hamiltonian SR EZ 5. 1+1 Kooalig
IRICAIT B recursion operator & [canonical ) EFHEN TV ARBEERX L WS ETREL, 0
lcanonical bilinear form| ICXH59 % Baecklund 5 AWT, ORI R D bi-hamiltonian #x&
ZEEH T

1MATH (&

O 930 ~10:00 FEEMIEERINLZERTILA— T v OIEGES 178
BH Bt GEeX-BI) , AR B Rk 1) ., RHE 85 (EaA-#HT)
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HROEEB Z - /DWW T, RCFEEE W TERR ZM T ¥ Tek.
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(0 11:45~12:15 Wigner formula of rotation matrices and quantum walks
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{EFLTWAT EALIA.
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ARETIE, HHEOSOVEFLERBELEEFLEZRVTEBY O LogEic L 2REic
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FORLABENECTWARLEILNE. TL, BUTO—BELIC L bHESFIR XN, BN
DRV ERy 7 L RLENTMEFEERBIINTVS. 2CTET, BRI EAFRELFERETIC
EEBZREERYTZCLT, EEOSOVETFLERBLUETAEERLE. &6, TOETN
FHOWTEUTO-RELORERIC L ZFHEOHES LIER, —BELATVESE—BELRSHS
BN TRAZEZVRBICAZ CYhHD, ChiZEBOFRBT— LIS LTWAT &R
Hinote.
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O 9:30 ~10:00 [EIWiAFH&E - EMOGRICEZNOBEREROEL

W kb, #EEE ERM (Eaik - I

HEREA FTHIAPSHEE - - BRIV E A RT s, FOESE THET 2T LR
WA BARChETELA— R M EBWRETRT 74— REFLTHEBER ML T X/,
HeEMoEELBEO—DICHOL DR ARy 7 2 BETAADFENSSH. B KEVWTE
BABAL—RICBEILTWA T EEERKRL, BV LEEMLZ Y A A TEESI R 2 TWAT
EEREBRTS. AR TREEICVAETOASBEOHOCAD > TBEIL TW RSB 5HO
BETOANARLZEEETTFIALL, I al—av®iT5 LA EgEREic LY HOr o3
ANOREORZ#MN ., REMFT B LICKY, HOMEWESRBASPBEWR AL EAFRENR
FLH, BWEERRESELEANREI RS A Dh . EFRADD L b EHOWKAP > TWS
BAEGHONREDEOBEARICELSAPRENAEVH, QUTHOKAY > TWAEAIIHO8
BORILBDIFHRREL R EWS T EERRALTE.
O 10:00~10:30 BHSE DS HEXDEEL

#/0 IB— (FHEX - H#B

B D 1+1 Xea MR Mo BEEANEEFAE2E DT LRI TWA. ST 1+2 X%
DU T HRDE T H % Davey-Stewartson FEI (DS FI2) OBMENEH L HEehEH L L 2T
vy (BED) 2REVWTERTS.

0 10:45~11:15 HEBRFLOFETEONIREBBR LB LT« v H—FHER

B (FEHEL-ID) . PHEY SR (HEE®
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PP RN TEDRSBVEMRT ST LN TES.
O 11:15~11:45 Connection matrices for ultradiscrete linear problems

Chris Ormerod (The University of Sydney)

One may consider the appropriate domain for ultradiscrete equations to be the max-plus semiring.
An analog of associated linear problems over the semiring are considered. Qur main result being
that despite the restrictive nature of this semiring, it is still possible to define a theory of monodromy
analogous to that of Birkhoff and his school for systems of linear difference equations over the max-plus
semiring. We use such theory to provide evidence for the integrability of some ultradiscrete difference
erquations.

O 11:45~12:15 HKEY—FOYS Yy I RBERT = O>OIHERHER

Hik Bk, E AR (KRA - ART)

B, MHEMTCEEEOSLEERY — MNIRAAY I I HER IR T 2 008 L IERE AR
REEHU BRTIIINSOARBRICH U TREN, BEmicashizEys, E8, BEELLFO
WD DBPEERIC DV THE TS,
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LSS —YFERE S, CTTHIFBCEANE T 7 2 U —DOBGH5 KAV ARERAOB~DHER
ONF—VEREEBRT S, FOBRET, FoUHABAEEREVS.

(O 14:45~15:15  Calogero-Moser R DERAIHRA MBI — Suris OTIRO R & DL

AT ER (HE®H) , Luc Vinet (Univ. Montreal) , & # (=L 1)

. SH &K (EI7EXA)

Calogero-Moser HREID R BERILICIE, Nijhotf-Pang IC & B AEDMIC, Suris ic &2 A FELS
NTWa. HHROBRUEI K-> TEPNZETETHSIL Y T h S ORE L2 HE L, RS
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BRERERE RN 2 al—avETS. AR 709 ¢ ERICEEEEO—-BARNYE
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W)k, MEEEREOERE, start-and-stop HORBLEE, BHAEERLOBEELERTS. XSIKR R
Wy ZiEE L BEEEICET 2RSS EEET S,
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RELELAR] M TVWE. AFBETE, FTHEKIVAERROy 2Ly FERFERESDER
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FO(N-D)VYY R BBREICRBZT ERRLUE. Ry 20 2 P EHOBSERAL RN U, B
BV U FROBREBEUA COREEERT I LIZESHTHE. —H, BhEebd R rEEiL
TEHIIBRBERS KEHNHILD, ILICHESRETHZ O L BE L.

(0 16:25~16:55 NAI— bEFIVESY T AR —TERORIR

i AR, AR EE GHEK - I
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ELEA L FEEORVBOICETZABHOMET, NADYSIAA—EBESEETE, TOERIIEY
BRI X 23 E L OBSH LT E. £, /\A{$IC Information 287873 X E T ORI 4 3
BIBTELT, RADISIAR—BRENIZICELFEL, TOTEREVEWYAFLICORRBT
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(0 16:55~17:25  1/f noise MR

8 B, L BT, B2 My BEEELLK - 1)

1/fnoise iICBELT, BB 1 DDERANZALBRBLI. Thid, AT AR 1/ ERTIVA
DEBDEREDRILE T 1/ noise BBRK T 26D THD, RCEBEERAVEBEENOHAEHY
i€ & o T 1/f noise generator cirenit ZRIWU 2. Tz, EAHZ XL T 1/ noise WESET 554D
WTEERLE.

BAAEDHAM TR 18F11H68 ~FaE18&E11ASH
2NE 9
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WX O3EBRMLCRB T A2E08E T T 5,
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THFEHRENED, TyM—ARERROP TCEFTOFERELITY, SROFRIZL TS RELED
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17 FERDKELFEOHETHICET AR 1228 LA, ZhOOMRES CliT— < 2 BRI IZR
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Review, RIEEEL TWAHEBEAORT, FIFHRERREOREZEL Iz,
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1. A Numerical Analysis of Coupled Dynamics of Ship Motion and Sloshing Including Multi-Body
Interactions
Sa Young Hong and Seok-Kyu Cho (MOERI/KORDI, Korea)

A numerical analysis method is developed to investigate coupled dynamics of ship motion and sloshing as well
as multi-body interaction, which can effectively describe global behavior of FPSO and shuttie tanker and FSRU
and LNG carrier. Ship motion including multi-body interaction effect is analyzed using a higher-order boundary
element method to effectively describe multi-body interaction problem. Time-domain ship motion analysis is
made using Cumins’ model to utilize frequency—domain analysis results. Sloshing behavior is solved by Finite
volume method and free surface is captured using VOF, Hamming method is used to couple ship motion and
sloshing in ime-domain, iteration is repeated until required convergence criterion is satisfied. Coupled effect due
to ship motion and sloshing investigated for the case of ITTC stability committee comparative study on free decay
problem of a tanker. The result showed very good agreement with experimental one. Finally coupled effect
between FSRU-LNGC is solved for partially filled FSRU and LNGC. 1t is found that filling ratio of LNGC
influences significantly on LNGC motion and the stoshing motion gives favorable effect to the LNGC near
resonance period range.

2. Motion of LNG-FPSO, Coupled with Sloshing: Experiment vs. Computation
Boo-Woo Nam (Seoul National Univ., Korea), Don-Yeoul Yu (Samho Shipbuilding Co., Korea}
Dae-Woong Kim (Daewoo Shipbuilding & Marine Eng. Co., Korea),
Yong-Soo Kim (Daewoo Shipbuilding & Marine Eng. Co., Korea) and
Yonghwan Kim (Seoul National Univ., Korea)

In the present study, the coupled problem has been solved by not only numerical method but also experiment.
The numerical method to be considered is based on the coupling of an impulsive-response-function approach for
ship motion and a fimite difference method for sloshing flow. In particular, the sloshing flows are assumed to be
governed by the Euler equation, and then the fully nonlinear sloshing-induced forces and moments are added to
the wave excitation for ship motion. This implies the ship motion is solved in linear regime with nonlinear
excitation. When this is the case, the motion responses of ships can be nonlinear with respect to wave condition, A
series of model tests is carried out for the validation of the developed numerical scheme. The experimental model
is the 1/100-scale model of a 284-m LNG-FPSO with two prismatic tanks. The ship motions are measured at
different wave frequencies and amplitudes, and the motion RAQs are compared with numerical results. In actual
ship deign, the difference of sloshing-induced impact loads is of great interest between the coupled and uncoupled
cases. Comprehensive computations are carried out for the observation of impact pressure on the tank walls when
the ship motions are both coupled and uncoupled. In the present model, i.e. the LNG-FPSQ, the ship motion
shows coupling effects in shallow filling conditions, particular at high frequencies. When the coupling effects
appear, it 1s found that the sloshing-induced Ioads can have significant difference with those of uncoupled case.
Furthermore, due to the nonlinearity of sloshing flows, such difference is dependent on wave condition. A fair
agreement of motion response is found between the numerical results and experimental data

3. Resistance Characteristics of a High-Speed Multi-Hull Ship
Bl o (RIRRFERFER T EM AR FA)

FFERTIBHE=IAROMER L EL228BEA HIE L, BEERiC >V CTIERRED A5
SR ORIREME ZBRT D, £7, BEBSHPOBRERH S0 EZ >V THEHF 2B 2y, £hb
OATIEE, HEMERE, REDRCO>VWTOEREZBETE, Bl 2 ZWRoiE S 2 #R
T& 7z, £, Wigley model % FV /- IBIZEE: (BRI, WEHAEYT) (2 L 28 S RIPERL L
BL, BEfROICAEZHRFIETE /. KIZ, HkE—EORT Wigley RO BIER, XEH, ZHEHOE
PRI W T T a2 b— a3 2B 2720, Ship scale O-RIEHFICIWT, ZIRBIT BRI ~FH
CHATeBIEHR L D EARChH o1,

BEIZ, ZIRMORENE, BREHESZE L T, $BE 11483m OZRMBEFHE 130m B L T, RIUE
PRI YW T I ab—arkBllolbl s, ZIRMEITERL Y b2ERAELSTH M
T&E, Zhody, ZRMTEER I 0 2ERN NIV ERLEAA, AR LY L2 Ae/ &
KTEHTERFETHAHZ Lhbhot,
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4. Approximation of the Kochin Function
BEBAHF (KERFRERE MR ZA)

A resistance of a ship with forward velocity in waves is larger than that in still water. It is known as the added
resistance in waves. As the calculation method of added resistance in waves, Maruo’s linear theory has been
generally used. In this theory, a disturbance of waves is expressed by distributing singularities on wet ship surface,
and this function is called Kochin function. However because of a long calculation time and a precision, an
approximation method based on the slender assumption is used. Under this assumption, the calculated results
agree with experimental data in slender ships. In case that a ship has a blunt bow or a ship is in the shallow draft
condition, the results do not agree. In order to improve results in ships other than a slender ship, we propose
approximation methods of the Kochin function according to ship shape type.

5. Reflection and Transmission Waves Past an Antisymmetric Body Oscillating in Waves
faxR U RZEGR 71 ERT)

A theoretical study is made first on the reflection and transmission of surface waves by a 2-D) antisymmetric
floating body which is oscillating in response to a regular incident wave. As a consequence, a proof is given for
the ‘reciprocity’ relationships associated with the transmission and reflection waves in the incident wave incoming
from the right and incoming from the left, and also for the energy splitting law for the symmetric and
antisymmetric components of the waves about a body. Next these findings are confirmed to be true by numerical
computations performed with an antisymmetric Lewis-form body for all cases where the body motions are
completely fixed, only the heave motion is free, and all modes of body motion are free.

6. Sensitivity Study on SPH Method
Yoo-Il Kim and Yonghwan Kim {Seoul National Univ., Korea)

A sensitivity study on the smoothed particle hydrodynamics method (SPH) has been carried out. This gridless
Lagrangian particle method has been of great interest, particularly to simulate violent free surface flows. Despite
the recent popularity of this method, unlike traditional grid-based numerical schemes, systematic sensitivity study
for computational parameters is very limited for SPH. In the present study, the effect of computational parameters
in SPH simulation is explored through two-dimensional dam-breaking and sloshing problems. The parameters to
be considered are the speed of sound, the type of kernel function, the frequency of density re-initialization,
particle number, and smoothing length. Through a series of numerical test, detailed information can be obtained
about how SPH solution can be more stabilized and improved by adjusting computational parameters. So far, it is
found that (1) naturally, increasing number of particles is beneficial, (ii) the speed of sound is one of most critical
parameters in SPH simulation, (iii} applying density re-initialization in regular base shows huge improvement of
results, (iv) the kemnel function should cover a enough region for better accuracy, but the type of function does not
provide dramatic difference, and (v) pressure quantity is dependent on numerical scheme to
mterpolate/extrapolate.

7. Time Domain Approach on Hydroelastic Analysis of VLFS in an Extreme Wave
Johyun Kyomng and Sa Young Hong (MOERI/KORDI, Korea)

A numerical method is developed for transient hydroelastic response of VLFS in time domain. A finite element
method is adopted for both the hydroelastic deformation of a pontoon-type very large floating structure and fluid
motion with fully nonlinear free surface conditions. In the previous researches, the transient responses of VLFS
are mainly freated by mode-expansion method and Fourier transform which uses so called retardation function
which accounts the memory-cffect. Because those approaches are basically linear problem, its use is mot
appropriate to solve the nonlinear problem such as storm surge response by a huge solitary wave elevation. In this
study, a three-dimensional free surface flow is formulated in the scope of potential flow theory with the nonlinear
free surface conditions. A finite element method based on Hamilton’s principle is employed as numerical scheme
for fluid domain. To describe the motion of VLFS the Mindlin plate modeling is adopted. The equation of plate
motion is descritized by finite element method using virtual work principle and solved by Newmark method. To
consider the fluid-structure interaction, the nonlinear problem is numerically solved through an iterative method at
each time step. The developed numerical method 1s proved to be very robust and applicable to any arbitrary shape
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of VLFS and fluid domain due to unified finite element formulation for fluid domain and plate.

8. A pFFI-FE Coupling for Hydroelastic Analysis of Floating Flexible Structure in Waves
B i CRIRFERFR LS50
A pFFT-FE coupling method, which can calculate the hydroelastic behavior of floating flexible structures, has
been developed. The method can handle a very large number of constant hydrodynamic panels in a reasonable
CPU time. The scheme uses a consistent way of the data passing in which the energy is conserved between the
generalized modal damping and the radiation waves if the hydrodynamic analysis is accurate enough. In addition,
the scheme satisfies the generalized Haskind-Newman relation between the modal diffraction force and the
Kochin function. These properties are important to ensure the numerical accuracy. The numerical convergence and
the accuracy of the method are demonstrated in various ways including the comparison with an experimental data.
Finally an application to the sailing type offshore wind-power plant is shown to demonstrate the applicability of
this method to the challenging problem.

9. Simulation of Wave-Induced Motions of a Turning Ship
ZINZHR R RFRFB LR 5EH)

A practical method for simulating both ship maneuvering and wave-induced motions 1s presented. Separating
the basic motion equations into 2 groups where one is for high frequency wave-induced motion problem and the
other is for low frequency manenvering problem, we derive the total 10 motion equations which are composed of
6DOF equations for high frequency problem and 4DOF (surge, sway, roll and yaw) equations for low frequency
problem. New Strip Method was used for estimating the hydrodynamic force components such as added mass,
wave damping and wave exciting forces for high frequency problem. The present method coincides with the time
domain strip method when dealing with a ship straight moving problem. And when the wave height is set to be
zero, the method coincides with the maneuvering simulation method in still water, so-called MMG model.
Wave-induced motions for SR108 container ship model in turning condition were predicted using the present
method. The predicted results are compared with the free-running model test results. The results roughly agree
with the test results. The present method can capture the overall tendency of the wave-induced motions of the
turning ship in time domain.

10. Applying THINC Scheme for Computation of Strongly Nonlinear Wave-Body Interaction
B Rk (LM RS T 5ERT)
This presentation is about a recent research on implementation of THINC (tangent of hyperbola for interface
capturing) scheme as an interface-capturing method to our CFI) code named RIAM-CMEN (Research Institute for
Applied Mechanics, Computation Method for Extreme Nonlinear hydrodynamics). The THINC scheme is a high
efficient conservative interface-capturing scheme that can guarantee a sharp and non-oscillatory interface.
However, treatment of the interaction between free surface and floating body is rather complicated. In this
research, a new approach i1s shown with some numerical examples to simplify such treatment.

11. Numerical Computation Including the Free Interface by Means of a Conservative IDO Method
FERAF — (i L HW -5

LR, CFDICLS A A EMBEEREL TE T4 RREETEIESNA TS, —F T, BLA/ VAT
DORHBRILHEVBEDILARVLOREWN, 1T, AR THEFOFELVLEVBE THEMTZBEIZ,
H B R EEIHN, MAFREO/NERFIETHEA—F 7ML~y MEEZ AV, WHOFBEITIIIEEREE
Ao 1 AEFAELTIDO 2RV, ZRESRTFERICHLRL -, IDO $#HiTELEE DNS TLRERE DL,
FFmL A/ NZHTCORREBELTIFIETHD, R IDO T, R CIP iEL OB AN 2L, 8
FOFHEOERELTHRILS, REFEELZERL, SLHERELELRDRVIRE TR 4 R LR
BREL WS, HEHELT, BT CERHRITNIRE R DEHET A T2/, ZOTANTIEmEHH
122 B TRV AL 2 CO+ BT TELI LN bl
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Chaotic piecewise linear map whose statistical properties are identical to those of a random walk on directed graphs such
as the world wide web (WWW) is constructed, and the dynamic quantity is analyzed in the framework of large deviation
statistics. Gibbs measures include the weight factor appearing in the weighted average of the dynamic quantity, which
can also quantitatively measure the importance of weh sites. Currently nsed levels of importance in the commercial search
engines are independent of search terms, which correspond to the statiopary visiting frequency of each node obtained
from a random walk on the network or equivalent chaotic dynamics. Levels of importance based on the Gibbs measure
depend on each search term which is specified by the searcher. Alsc is discussed topological conjugate transformation
between one dynamical system with a Gibbs measure and another dynamical system whose standard invariant probability
measure 38 identical to the Gibbs measure.
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Modeling of a vortex ring flow at high Reynolds number
Felik Kaplanski

Typical shapes of laminar and turbulent vortex rings were demonstrated in paper by Glezer and Coles {1990). The first
one is characterized by a relatively thin core compared with the second one. It was shown that the hydrodynamic impulse
in both cases is conserved within the experimental error. Based on the above-mentioned findings an approximate model
for describing of the vortex ring at high Reynolds numbers is suggested. The present contribution extends the analysis
reported previously (F. Kaplanski, and Y. Rudi, 2005}, where only the diffusive scale was considered. As expected, the
formulation of the problem with the arbitrary scales allowed us to select cases when approximate solutions exist and take
into account the turbulent length scales. Introducing the time-dependent turbulent eddy viscosity (Lugovisov, 1976), the
model for a Jaminar vortex ring is generalised to flows at high Reynolds numbers. This generalised model, based on the
computational methodology reported in (B.J. Cantwell, Introduction to Symmetry Analysis, 2002}, is used to obtain the
topological change of the flow.
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A Small Underwater Robot System for Coastal Observation

URAFRE TWHIERTE AHNSB
Kazuo ISHII  Kyushu Institute of Technology

Abstract: Vuniows kinds ol mibols lunoe been developed paradbel wath the progress of coaputers and intonmatien processing eclmolbops . mnd
the operattons iy the extreme caoromments, soeh as disaster areas. spuce and ocemn, are eetiing one ol the practicad solutions for those
hivmdous missions The undersoater robots are one al e estreme aporemnent mbals and expeeted as me of solutions Tor undenwater
gty ities e menntenanee of denwater stigctores, clsery alons, scientfic research, whaere researeh arca s gelling wisde and deep and slse
undersater structures are petlng laree-scake amd deep depth T licis efficiencies un e been mvestisated dime recent deeades and wie proven
by avean expernments. Blowever, the tobotic svatenn mchedmea the support vessebs is sull big scade. and nol soocasy o handle by g few
sesearchers, In this paper. we desenibe the mulerwater rodet S Agqualtoy” senes develnped ammng ot Tonds . soall aderaater robots ahich

enn e operided by g Tew reseanchas
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A Fa 7t rideE 285[mm], E&E 28[mn]|OMEFEIC D
FTEhThad, FHEERLOREERICE. Fror, v
¥R 74 A F(10fkHz-100[kHz )RS h T 2, TRH
L2EOANL FR 740 ~OE0OHEBMEN L dsPIC 17k
DHELTREMETS., ThbooF®it. vV FTAEES
MLTAALLPIC~LELNLD,

AquaBox M 121X, 2RO A AT HEREENT VS, BE
UBREZEME L@ b AT (Figd). FTEHIMICEE
Lk# A7 (Figs) Ths,

Table 1 Specifications of AquaBox III
Aluminum Pressure Hullsx 6

H: 308[mm] W : 600[tmm)

L ; 1700fmm] Weight : 40fke]

50[m] depth pressure resistant

100fW] Thrusters(MPT24V) x 5

Laptop PC (Intel Pentium M1, 1GHz)
WindowsXP
MicroControllefPIC13F8720)
LAN&WirelessL AN

Pressure Sensor(Depth Sensor)
Hydrophone x 2

Ultrasonic sensor

Angular Velocity Sensorx |

USB Camera x 2(0Omni-lens, Wide-lens)
Attitude Sensor x |

Electromagnetic Velocity Sensorx 1
Lithium-PolymerBattery

29[V],25[V] 8000mAh x 2

others Marker dropping mechanism

Structures

Actuators

Computer system

Communications

Sensors

Batteries

Fig.4 Omni-dircction camera

Fig.5 Bottom camera
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5. L8
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HALTERETORBEZTOFETH D,

RO, RN ITEXFE 2 i€ COE o=

P Tl oRy AR ZTRIFRTIEOHR ) OXER
SO RBEANFRRHROB N LDIT>T 3,
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MEBEO0, 3x10%n/m* TIEIRBENRELIOGE T 4528, —F CIEHLHMIL 3x105n/ M ETHEMTEIEB L)
2L ZOMER OB L, /o BBEROBEIEE L TWASFTEEMIZ- W TERE L, LOLAERLIO=rn
EREMIERY 52 OB/ MEKOEREE OV TIIBASNBICE TR,

COHRPETH, BEBORNMRIRNDEEEEFALLIITAIEZ BNILT, /A4 F 7 —LEBSPEH
W RRINOEREORIAZ T >0 5, ZRETOHER NG, KBS IRETHRAECIOE R AT
FERBIPNC, BLRLFAREOMIDOE —IBRNTLALY, @FERBELLEEMOE N/ ERAR A EN
CLBZER MR, Flo. BAAVBHEMIT OV TH, @0.6dpaBRA IS EOEIIEED S, 6dpa®
HHZOWTIIEEEOE N TOSE S BHN , @FOREEXEIR SR 600MPaZ A ORIz I8, 23
HlI, ThoDBEREZIT T, ARE THERSPE AV THEIDOEOSRMERETHILITEY, FROERREIC
DT E{To T,

2. RRKE
2.1 L BE 4

TR F OB AREN T, C BEERHEATEDD 304 A7 L ASAOIRELITEL -, (b3S LU
HE(LEHE2E LR T, B BHEHETHOEEHT 3mm ¢ x200 zm @ TEM F4RAZOBHEEL . BREIZSWT
13 5%BYE EEE-9S%BEEMZK T 40V TEMITEB L EHE L7,

B A BT 400°C T, 0.06, 0.6, Bdpa¥ THEMLZ, FhFhoBEEZDH FRENZIZAR TS
3x10%, 1x10%, 1x10° n/m¥E> IMeV)& 723,

2.2 EBSP BIE

EBSP RIEL TEM BEICA AR EIVam 7 Sy y i 2o Ve RELURVR B CREERNEZIT -7 2h
BF A=Y= BOEWREI L an Tl s 2o P IVRRS NS ER A B E L2 Tha, BIEIR
B RO RSN EBESE AT DV THENEL 72, 4 EIRIFEL 7= Kernel Average Miseorientation (KAM) (X, #&&
BAOBEETIAERRORGEFNELBEREN TESELALOTHE,

3. EBRERLER

E 4 B OEBSPRIEMRE ROREFEZR IR T, ZOR T, Inverse Pole Figure(IPFYRIBIEShAHEHT
ff, KAMIL LD RF VT T—2aThd, iU, IPFBE AR, BEENHNL ThESt o ITIE,
A BB, BT CIIMB S A e b RER AN O -— BN R F RS AR, OENIE S OBEIL AR
ELIB, SENTR2DERE SN, IS BIEBSPEREBEOFMBIBE I ATEEH LI LTI, BEBENRH
EL, R B O@ e TRNATRENLH LN, SHRELIIRN T 24 ERSHD, KAMBIZ W T EBHET
{EEAERILTHY, IPFROBEREFT thol,

FIRSRER S FEIOEBSPAIER 22212 R T, TS TRVWRBERUAOREYDOLO T, EREILF
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M F BB & 000, 2% S % BEICER O TISD, 270MPa{i3xt0%® n/m? (E>IMeV}, 600MPaid3x10%n/m? (E> IMeV} 814
MTHD, O TIIEBRRIIIEBIILIERFMUENKEOIEERLTEY, A EL RN —Hio K
REOERPED LN, FIZEOREIZASIDRIRICERL TR, —HF THAICLRHRBNCEORE A E®
BEsh, ERRBXEBR OV TEFOERBRNL TV, _

KISICRHEM (AT 0@ L, FiRBIEM (EFDA)DKAMDEE 413, L BEIRFBMITMET 207 R
HEOdpaBRALL T, RPITTLE, ZORTERFIEF T REOKAMITR A (B E) ITE U TERAIZHE
ML, = TRAMOKAMIZ0STIZIE—E ThHY, BEEEFEHIEDONL T, ZOZ LR BHETO
EIIAMEHIEFOICEASH, BEO AN Ty 7SI ER AR RE OB BP0 T 5 R TV AR ERMER
BB, FE0.06dpabA T OF —Fi3/20 8, RS IRM OEBRETEST DL 120.06dpad KAMIEBTFE T340
5. 0.06dpall FORAHIIZIRSIRMOEMICRILLELSND, T OWTH SR OBETHD,

EELIIINE CREBI ALY BOTEBBLT LY — BRI E, FERBICE > TRIPIZER
282 )T BHEL , 20T OMIIERIELN IO T TS TR 28 L, sid T tig St o
HNDBIRFV = TF—aATBATALEEL, ThEEILERL T, IGH-FEOBMELER) LESICEVER
2 TET, LhLERLASEIO/E R, ZOREN/LTLLELIRO AR 2 TS T2, IS HE BT R RN
IEEDPEETHI800, BRAMEERSEABAOELEIZ SV THLED THRBY ER T ALERDS,

4. Fb

1) BAA4 L BAEMCHEBHEI ML TLER FROANTIZEAE RN 2T, T-KAMOBKBEENL
RO, TOBRIIAMMRER LA S ERANLETHD,

2) FIRFIREBH TR AELRAO — I KRERTEOFEWPRDLN, BICEORILRESIIRRICE
FLUTWD, BNIZL— B EO X I REAB BRI,

3} KAM OBREEHKFESEE R R. RIIRAE O KAM I3 (B 8) 15 U TSI 35— 5T,
BBATH D KAM X 0.5 TIZIE—E THY., B BEEMIIERH ohizdaic,

5. ZEIH

(1] K. Hide, M. Mayuzumi, K. Tsuji, M. Narui, “Influence of deformation behavior on IASCC susceptibility for
neutren irradiated type 304 stainless steels”, Proc. of 13th APCCC,16-21 Nov 2003, Osaka Univ.

[2] K. Hide, T. Onchi, M. Mayuzumi, 5. Dumble, “Correlation of Microchemistry and IGSCC Behavior for Irradiated
Thermally-sensitized Type 304 Stainless Steels”, Proc. 10th Environmental Degradation of Materials in Nuclear
Power System, Aug. 5-9, 2001, Lake Tahoe, Nevada, NACE (2001)

[3] FHH—80, o HE, TERF AT AT L ARMOBHBRIG DB A BT (IASCO) I RIF TH ReFiEic
M4 5] WM KFASHNEHERT 2EZXRPATERERE 75 (2003 pl59

[4) FHH—B, KAXR, Eozg, ERNEZT AT VL AMOBNBEGHE BN (ASCO I RIETH
REHEIZBT MR £02), WNKZSHEAZMANR 2ELRMAREHERSE $ 8 5 (2004)
pl59

[6] FH#t—BR, EDELE, [ERFEPZT AT RHAO B BRI E RS (JASCO) 12 RIF-§H RAeFMIZ
B9 5HE €£D3), WMARFSRAAFHER 2ELRMANEKE#RE B95 (2005)

F1 LFHRERDIBOFEH

Elemant C Si Mn P 5 Ni Cr N Co Fe
0.083 05 058 0.024 0,045 8,99 t8.85 0.036 <a.01 bal.

Thermally-sensitized treatment : SA(1100'C x Thr) + sens.(650'C x 100 min + 750°C « 24 hr}
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R 5 A28V 2 b T O%E)
RPERFTSATHER 25— IR

1.8 8

T ATHOR TN TN F—F CAD O M) -1 71 788 % e BT 541,
TIAIROFERLTFOEE - BEMEMNL 2L, EEAASRES - TVWD, RIZESH - ¢
WIRBBIZBTL2PEET - 2 TFOEA2BVE, 757 - BHEEROMESNEVI A —IL 25
2 TWB D, EFITHEEREVNHENRTH S,

AL, BT S AREBT 50 ERTOREB L2 ZL2BREL T, PETEZRT T
ANOa—RE, ENETSAVERETEIEOTES MY TRIAM-1IM B&i2H8H L. R
TRIAM-IM 72 X750 Haff P AR NAZOHERE 2R EAICHEERITL. TOBEMSE
Bl 5 AR PR T ORI OV TOHRE®R D Z & THh 5.

2. PERIFEEO— K TDEGAS)

DEGAS 2—R&id, FBO3SRTBROTSATEAY aTTFINTRHMTE I &IZL0, 73
AIHOHERITORE - REMHFEEE AN CHIIETWTRS S I 2L —3 3 00— RTH
%, W DEGAS O—RTE, KZRET « 2L EL OBBREEIN TS, KESTOREE
BRRICR T, BESOSOBRICERICEL 2 RIGRENZEEIN T izh -/, COREBRIMEEED D
TOXREBTHICHEPENEEZONDH, BRTI2EICH Y 10 FoFAZTIFT—T AR
TRIAM-IM 2B 2 ERBKE Y > AViclA 72541008, LERIGEERT AL SRt E s
TN, BBRHEFHEL - DEGAS 2— R (GDEGAS) Z2HWEHER2ToTER, @

GDEGAS Z#HWirh b7k I ol —2ail. ThETHIT 10 ORIV L SR
BRI AR TA Y o ZERL. MBIF - s TE /2, BY f4E, DEGAS 2B WT 34KTE
RTORERTEE Il —a JHERTEZN—D3 > (ver.63) B OFABRENE L, &5
ICIREOEFIVACAIL 3 KTV I al—a YAES LS50k,

3. TRIAM-IM [ZH(T 5P ERFEEs S al— 3>

TRIAM-IM Tid, EEEFREL DO SN EEOE 14 FHRTicH o RRHENREIN TR,
H e HREDEMMHAIEREE. BIUERY I al—¥ g VERCE T THIERI T O8I FNTT
RN TEE, ZTNETOMELS. RO FUEECBIT2H eBREM L. E27AN1U 3
=3 a VREREFERW—EERTH/A, FOq FILoHE. BEEEESDERTOEEB BT
BENOHBAERAEN Z EABHSMIE-> Tz, ZOZEEBAT 2RI, bOA I HRO TR T
OEpERERTERNE LT, AREEHA Y 2 8FIVEABW T Ial—a 2o/t sI 5, ER
EREFEORVWERZE. CORENS, bPOAYNHEROH o @E 707y VEA 717
FIBOEAITESEEL TWB I EHHLMIRY . BRRRCT ST OEZRIRA PRI T
DB RS BEREE I TWEIEEZRE L, LEOBEEZBEZIT, BEE3RTA YV aEFINE
BEL. 3RTHERTFHREIaAlL—Ta % .

Tl

Bl LIXERR L7z A v L a2 £F I ERT, TERD
VAARMZZOFFICEEILRALEERESTS
0., WERORFRVBHHROD) 2 FRUMNERT
Elxholmboi, UIiv—LEoky b ARy b
S ORFED, AANVICEERELLUERT
BICHRTER LD TWS ERIE 39 cm.
£ 200 cm OME Fe OMBEZEREL, T0OP
IZRAMSEEK 13. BARSEE 24, @hHmS
21 OV SATAY VA EREL TS, A B1 R 3RTELEAEA 2 EFN
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NI EEE U 7ZRRIL 2= 110
cm OB S B BEE ERIC 3%
LTHO, KEAHAHTWE 2T
YRMT. AvTaRitARER
%, MFBRAEBOP R TEE S
FFCHANZ AT, TR 3
cm BB TAY 2 &2T-Tnha,
HEommRSFIXEOZ2EEL T
B0 HRANT BN SEEHA
EESULLBENTWE 0, B8
IIEHTES,

2., ERAv2E®FINE
BWT o Je B RO —fl &R
. ZREABEE D S OH AN
TEEBRLEBOPEKRERLS TS

FUVRFEEOLIal— g VR TH S, FTRIEERTAELSTFEEL 75 XEEHMITRSE
BL., BAMEDAFMZOWTH AN IABEECRELEL TWA0IZE L. FROEFBEIIE
B, BAREBAMICIHL TEY. EFMOBED /NI NI &2, LLEonEnG, Bz

z:chm z=32cm

o ———

102 107 104

B2 3T DEGAS EHOTHE O M AkREEFQOFEEDIAL— 3
YRR Z=0emPmmnEOHANTEEEL TS, )

FAR(CEEREE - BT IROMEY N T A—FAHESOL BROTE - ARDITHhE LT, PHEIFRIAEL

HEERTD T &AM,
4. FEDHESERDRE

SEH P AT RBEE TRIAM-IM O 75 A &MEL PR T @SN %, DEGAS3KTE Y
FTROD—-RERNWTT R, IRETRESHAREL S, ABEFUIBN TS 3RTLT2 2
EZE 0. FRZ PRI TREMT AR S T ENEFF N, SERIDE D RFMZ SRR OB

ZONWTRMEEDTOE, S ICHREIZAL o PR %S I o L —2a Y ERFT B TETSH 3.
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FePt-Al0; 7/ 5 =25 —BRIZE 1+ 5B FEERETEL

1. il

4 B, BELEOSEE{LOWIZ R 2 B
TOREMERL T OME IMEBED L TV A, FDThES
FROBAEEMOBR L ORET R IFMAE L1, 3BEY
BT H 35 FePt G@VFTeHERGERE RO
MELTHASNTIY, F/AR7— @ FePt B T4 3E
B BRI LS FePt /0 5= 25— &iEIT1H)
FEHRFELN WD, ZOMEHIRREELL TRY
TeE R EH TR AT BHIZIE Febt RIFd 17X, okt
L OF e T 5L ENHD, ZhoOH#E ks
R RATBITA T  BRONBE LA THILE
AWFED BRIE U, ERTIIA 2 BHZIEN Febt
BF0 3 RIEBIRICRIE T EBLR-57-0I0FR
FEF RS TEMIZ I A BRI 757 —F A
T, FePt RIFOER, kBRSO E &R MRS
fTo7,

2. =A%

EBRIZAW R EHIER B R B RTIC W T
AF ARy FERIZ Lo TERS N HEREE ALO; I
FePt F /RIFD343ELT- FePt 7 5=a5—HET
HD. REHOFELIT FePYALOs)ss, FePt){ALOs)s5
O 2 BEA T, BEOEEL 20 0m Tha, ZhbDRE
L TEZEDT50C 20 5 MDY HEL -1
M KZIS BN FR RS 7 2INEBIZLS 24
MeV Cu®7 BBEZ 6N BRFF ARG
WDF T LINEFCLS 210 MeV Xe!* (7 BE %
T, A7 /BB IMEER LR TEM 2 v URE
Lic, BFRMEI5740— T, AMMKEESEET
SA M8 = o TECNAIOFEL ##)HYk L
JEM-3200FSK( B A& T 34 H T, 60°-60°D A
EREET 2227 7 TR IR LI, 2L T =
Ve — AT 3 ROTHERE LG, gL
F s 3 WITEEER BIEL , BT ¥ A X, FAASE
H(EEORSAABORSB LU H A & BN EHE
Lz,

) BEBIUER

Bd 1 {2~ BRERNI650°C T 20 S REEER) D ER
BFiRE 7T, AR GICBO TRV Ry MR BES
FLBOH FePt B 7TV, THEHIRIL 6.4 nm Th o7,
BRI T 40— AT 3 RATBEBEL, TR
~SOMERBIFELIZEZA, FOEEHEY 14 Tholo,
EEOERAMLOREL T RS B O &
2ORLT, FOGMEE 2 IR, A3IELASHRLTE
NERFHHID FePt RO FMINETET A LTHD, 2O

AKER - T, B 5, BTFHE—. REM. 2HE

FHEHIHL T 2.4 MeV Cu A4 % 50X 10" jonsim® &
TR AL, BIREMR CrEIEHIEN 5.6 nm i)
L7 C B B LI E T a7, Ll
B3 I RTEBTRINE I T7 41235 3 TSR T
{Z., FePt RIS AR TWAI NS, ©
O 3 WITHEG SR TF-OT AT A RIELI- LT
AEEHELL T 2.2 BRELN, EEMRFITHLRT
DBUBHERTE-, 413 0EOE AT T LA TR,
0FHITIZE — 7 380 SR FEHERHD, 20 L5374
Cu A BEHZED FePt RO AZ B
PN RAFEL TAD, HAVIEBER LV v~ 7 fthed
EFHBEELTOINEFE-DIC Cu 14 B %
RLBNEBE T4 BRI TEREE 460558
V60EPEHTREL, ZheOREHHLTHRES
FIA—HRER T, PHTAZRFEELE 21
T, ERILT Cu A4 BBE 24T T FePt b 14
RS ER D ie, TNEFNOABOE AT 7 5% (X
5 BLUK 6 {127, 46 AR CIT 460 hlTicke —
IRHED, TOE—ZHEL, SSMOBILE, —F,
CORREE Clis A B AT — 2L A
7, CFHEICE — 2 BN, ZOXHIT, 2.4 MeV
Cu AAVBHHLE T R T OERAT, BRicx35
AF BN FAIGEUETELTRY, BRAA 26T
OEBHOZFEERLELIC, BRZ N LRI E
FHTERNWZENFREENS,

—77, 24 MeV Cu A4 I3 B FEhiEE 443
210 MeV Xe /A BEHZF T, IR 225 8.0x10"
ions/m® E£ T FePt 8 F O AALISHET DA TRIFI
PITBREL BT RO o, BT 12 Xe A2 %
5.0x10" jons/m® £ CREL - RBIOAEB TR,
ZO&E, FePt R FTREREOBEL, RIBRORLD
2 RO TIBERIN . CORBOBTRN TS
TA4—IldD 3 BOTRRB AR 8 IR, MR
LT REHAKALL IR ORI T &, ORI ELL
B oy FIROBLFABRINTVWAIE b B,
210 MeV Xe A7 DED/eEEEAA L A RHLIE
&, BEEBTERICENAZ OB L AR
FIBNZ BT 2 AR AL (A OBBNIIS -T2
FLRITEED E N T A A b o FRE T AR
TR 2IEDHON T D, FePt B FiXMARL | EiE
TR A AT o 2T o Te R~ E LT 5L %
53, LnL, BRERV L FePt i F-0FiRic
BELT{LREILT, BEEIENT Bz o0 The
FRROECHBRINLIENE, BTFEROELL
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WA A T 7 DERDEBTEL TWBLEELL
ns,
4, ¥
(DFePt /0 7= 25— IR T 2.4 MeV Cu A2
ERE T AL FePt IR~ T
60
QFEI ARSI REE T Co A BHET-TH,
BT3RS0, £ OFENIA A+ AR EE L
2,

(3)210 MeV Xe A4>% 10" ions/m’® LA EBBH3-54

e = e e e

FePt RI-F13BIEIC B Ll . BEREICIRINICRE LT
BIF- LR F BN R ERUTRLTO 2 FREORT1
Hho,

FJ/B . M. Shirai, T. Horiuchi, A. Horiguchi, S.
Matsumura, K Yasuda, M. Watanabe, and T
Masumoto, Mater, Trans. 47 (2006) 52-58.

55. M. Shiwra, A Honguchi, K. Yasuda, S.
Matsumura, M. Watanabe and T. Masumoto,
Proc. of 16" Electron Mmicroscopy Congress,
(2006)70

—

7 210 MeV Xe 4% 510%™ jonsim’
FTRHL-EHEIOYEEHE

30 1)
3 _ - 8 {degree)
1 BBHERERKE50°C20 43/ X2 EB&tRTEtEN6507C20 4¥RE
A RATREF S B D HfEE AN T 2 "
B3 24 MeVCu 1A 2 RBHL-HEHO
3 RCiBES
100 - . 100——
2 2
- |#
1
s by
2 & %
8 (degree) 8 (degree) @ {degres)
B4 CuAArBEREER LD K5 Cu A BEatbluc@Esho B6 Cu A4 BB EEND
AR 5 AL RS 1 TR 7 AN

K8 210 MeV Xe A% 510" ions/m® £ TR LI-=E

7y 3 WA R
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MgO * ALO; P OR[N — 7 TERIRRIZRIZT T EBHODE

AR T B M~ LK k- 2B Rk 2k s b &

1. #E

MgO-ALO, {1, TN ETOM AL BIRERICENIZLNRESNTRY SRR ORI
R EBABROTENEH, BLUOEMEFOETEZM L THHFINTWS, ZOIORHEREBE
THEAINSHEFIZE, BEARRCEHUBEICER+TAXMAEREN, ChbIIBGESREY
BTRHXBESIREEHK T D, MO+ ALO;, D LA A VST INS AXMILETEIRET2
7o, FOBEEERRIINSTEROEELZIT AL FHRING/D, BREBMLLTOFERZEZEL
B AL, MgOALO; FORK KA RIZTATESOR BEHLNITAILAAETHE,

AT CIL, MgO+ALO, ORI R DI BBz BB OB EABLITTEIE R BRLL, &
B A BRI MgO+ALO, R OEN — 7T B4 B IR E F RS (TEM) I L~/

2. ERAE

ABHIiE, RE(100)0 MgO-ALO, B S (MTT #HED) 2 A, BE®R Iy —E AV TREAER 3
mmoiZATHIRE | BEEFBIZL > TESF 100 um I THIC, REFEICERILTTIAEB L, WX
FICHNFRRFOZ 7 LB A IER TREERZITI A0, M1 KFRT 7755 =y 7
BLO7Z o0 LE, B2 ICRTEBEINMBINRAGRAS — (BABFHASHE) sz
F L .24 MeV Cu®' o 7% 300 kV/im OEHITH LA BB T CRE LA, Z0LE0RIREITISTIK,
BREHR BT 4.4 X 10" jons/m® & L7z, BBEBUENRD S TEM B8 RN RS E - /FRL . TEM TEEA1T-
7.

I HREBLUER .

B 312300 kVim OEBHFP, LUEHEBE P T 2.4 MeV Cu™ 1 BH L7 Mg+ ALO, OETE A5
E- AR RE TS, WTROREBHIBWTH, 2.4 MeV Cub' A F 1 OREEHE (1.5 pm) OMREIBICE B E
OXRFRBESEBBRIN TS, 05 um LLTFOAA AFEREREOFERIc BT, BEDPTRHEL:
REHIO A LB REREMN— 7 PMEEE TRBSNWD, ZOERAILRL-ARBSZR 4 1277, B
B TRALZAE T BEH 0.2 pm IZBWOTERR 8 nm DE AL —7RBBRIN VWSS, FEBSR
TRIELARB CIIRRBEOFRIOFEKITIZTLALEMA—TIRERSL TV W, BLEOE R, REM
BT ORMESEORRBRIIBSOE BT TVAIEETEL TS,

4 55
{1} BEF LA BHEOIGEETAEDOFRLE —EEIT ORI 5F — o PR BEL-,
(2) AFBEL-MREERL G, 300kVin OEEPTCRHALLER-OL, B HEFHTICRE
RN —TDHRIN, BRFEREFOBSERERICEENEB. TV A2 RIET2ERY
B,
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(b)

| BTy 75— v @k L USSR
NWE—f AR T F v P(b),

Ti elecirode Electrode terrrmal R
v ~«— Specime =
- Inzulatar 3
{aturnina) )
~€—Holding ring ™

Heatat

X2 EHEMANESEALS —ORKE () BLUHEKBE (H).

——> = ' >

0.5' 1.0 1.5 0 um 0.1 um 0.2 pm
(suer;::e) wm Hm Km {(surface)
E43 300 kvim OER T () L UHEREBHD) B 4 300 kV/m DEEF(@BLOHEERD
T 2.4 MeV Cu*' A AV BE L= MgO + ALO, ()T 2.4 MeV Cu?' A7 L BBH LT MgO+ ALO,
DFPE— LIEHEFHE, DEREFE,
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BAR— RES BHEROERBIZEITTA~Y U AOR
hAKE (ST) dtB—&

[8/9]

R A PEM B ORFBE CIIESEF IR L T EREVERME P Fo R XE— (1 4
MeV) iZ&»oT 1) BOPKAZRAF IS RFLEHFRRE (MRS —F) OFREDIIH 2)
BFERUE (n,a) CEB3~YDARTFORE, BIU 3) MEREFOBRERICEZ20ETER VIC
E o THE LB OBBE~DEBPEETHD, HEINLD I HLESHRV 2 OEREE S
WTREZBL O ERLINTH IR, ZRoE2HBE L THEEZLOERBNTAE T 2 RA IS0
Tid, 2RERFBVEREEZITB TN,

PANCBR 41 1) OFAr— FIZ#ESBFRIOREL, FROOBEGHERIC L > THETLARMY
T AG—OEIBRE LY. MEHAMIRIRT SRR FELEREL, ThoEBHOET, LITRME2
FAZ—OBRLEBRBRTRELL, Tz B L CESECRIEFTRERRZ W 2B LA 21 L
NLZOHETILY FAZ —THREAEGRBICL VAT 2 HFESELATE Y, Fhid s ic#hs 5
AF IR BB OB Y MR ER L T, 351I22) O TLA0MBII2NTEH S
DEFETREVWIERNLEN TS, o TERMETIIMNZ 7 A5 —OBEHEEL L HIT. Zhb
KRIEETA) VLRFODRE LEBICANZFER2RBIED,

[5]

WEMBIZBIT ARFOFFEEICEB LT, ZhLEWVL OPOEBIIST, BBV TH
BOAREBRET D, 1) MRS — REAOETERER, 2) B#EEOKXS VAKX  BFREF (1)
BICHFHA~YTLART (He), OIEEBRER. 3) BHEEO LV /NS WVEARMK  BT2L (V)
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