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Solid-Fluid Interaction Analysis by Full Eulerian Formulation
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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
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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.
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Numerical Analysis on Dynamics of Pinch-Off in Immiscible Liguid/Liquid Jet Systems
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Liquefaction Analysis by Numerical Simulation Based on Fluid-Particle Interaction
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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
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A Computing Method for the Flow Analysis around a Prismatic Planing-Hull
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CFD Simulation of Resistance and Seakeeping Performance for Multi-Hull Vessels
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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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Fig. 2  Arrangements of outriggers

BEe 577 MU H—DERB® Fig. 2179, F
MESIKRI1%DB G, MEAMOBREMNES X/L,, = 0.1 ¥ Lk, X ZEMED AP. 57V
DAH—ERETOEMRBRL. X/L,, = 01 ORBTCEMEE T FUH—D AP. AR i
BB, TOLEDT UM H—OMBARMNEL Y/B=05 » LT3, ¥V REMEATE,I ST F
DA—EE COR#MPREYT, g, cO7 Y ) H—EEE Trimaran-1 & 8E5R,

EMEFARL 3%OHEIE. MESWERESL Y/B = 1.0 LU, MEAMICIE X/L,, = 0,05 D
ZIEEOBAZBRE LTV B, X/Lyy = 0 DT T+ H—EB%E Trimaran-2-aft. X/L,, = 0.5 %
Trimaran-2-mid EFERZ LICT 5, &5, 72 MU H—DOEMEDOHOIKEES Monohull » #7535,
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5.4 FRREAF

HERSTBEMEE O HNL SH T, £ MR Trimaran-1 OEGEHAEPHBEEE L -, HHES
td heave EB), pitch HE), HFITFMEDORMETE S MEABTE) THo, WER F, =076 & L1z
BT, 7O MY - ORBEREERE T8I, B Trimaran-2-aft 35 &0 Ttrimaran-2-mid
DEARRAETABREZRML. F, = 0.69 12T heave MEE), pitch EFFEHIL T3,

5.5 At ERR L ZBEROLLR

Trimaran-1 #3880 L, ZERELEICF, = z
0.76, x = 180 degs. DRGTI U F 3R NEE /é\
(RPMYMC & BFB & A MY w7k (NSM) I X B8 v
BxiTlro 7. Fig. 31 RPM TR L EES T
ZRLT05. EMEOZEEIL. « AA, y 5
75x 20, 77 UM 3121, BHHZEHEIX 156 x 26
& LT3, RPMIZEASFHEICDNWTE, EEMRIL
FREONODANSEREZUTO 3 BEDGER
KL TEEBRER 8L T35,

1) RPM-1: BARARHFRNCBNT O = -2 &

LCRtHE. W2 —BFuatl. Fo o9 L%
i, Fig. 3  Computation grids of trimaran-1

for RPM

2) RPM-2 : ZHEBEMRNAN—ADHE, FFUYLEHRL,
3) RPM-3 : RPM-21C 2 FCEE L 7e b5 24 W& 2 40,

Fig. 41& Trimaran-1 {319 % heave HENRIE. pitch EEHREOHE L RBROBELTLELDTH
%, B, ARV v FiEEIU RPM-1, RPM-2, RPM-3 DFIE 7Y b U H—BERE L-IMEOR
KNS BHBREERTL TS, ARV v TREEHORAEAOMBENRBERL HENTAL 2R PR
BENRLNBDIEH L. RPM ORBRREZBHER L BV—HERLTWVWALEEL S, 3EEORPM O
HRERBEUETZ L, EEREOTEREBLEAD, EH2RCMAT I Y ARER2AML
R RBHERE LD RO—BETRT C EAERICRN TN S,

9, RPM-1 & RPM-2 D#ERM L, “HEBURNA-ADHEOAPERERFRFBL TS
TEMNGHB, ApEO LS, —EREFNOERM R EERECBVWTREERREL-HRTHS
M, IEEEMECBVTRSEDL IR F, =076 LI EDOEEBTH->TE., —RFEL 1T
NTZEREFNOLERED AN AP EIBHEHEOREHENA LT A LAREN T LIk
%o, Efz. RPM-2 & RPM-3 DEREFER LIRS &, b5 U3 ALKGOMMNC X D HEEBERDED
MET2T L0 5, B, RPM-3 &, 7Y M) H—RERULEERTH2 RPM-3 trimaran-1 &
ZHRT B L. TOMERIEE TV, Trimaran-1 fiRO7Y U H—REBCHL TR T Y R H—&
Efk e DFED, Dl L LBHRIBOL NV THEML Iz & EICNENWT EER LTINS, 5T pitch
EEFCBEHLUTLRBMNE Do 23, 7Y M) H—OEMEICHT 2K N Eh ol b #
gmIhks,

Fig. 5. Trimaran-1 IZ3{9 % RPM-3 BX T A MU » FEIC K 3 TMEINEFEHOHES R 2 L5

AREEEBUTRLU TS, RPMICXZENIE, BBUREBRERZHAL TV %, A/L=15D
EHORRRTICEWTHREETOEAOHBHES EREL OEAARFLAR, ThidMEESNAS
WS LR KBIFEEELEEZLNS, ) LILREH TEMETIRAHETO RPM S EROSHER
BT, TOBRPBENL TEEENLBEOBRL, RCRLELSCRFTh LD EDBNS,
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exp trimaran-1

cal sirip

cal RPM 1
cal RPM -2
cal RPM -3

cal RPM -3 rimaran-1

0 *0%

ool

LE 2 25 3

axp trimaran-1
cal strig

cal RFM-1
cal RPM-2
cal RFM-3
cal RPM-3 trimaran-1

- 0.5-1‘

E'z'z‘s:"'u

Fig. 4: Heave and pitch motions of Trimaran-1 at F,, = 0.76, x = 180 degs.

PAf{pgta)

PAl(pgta)

o

ord,

1 i3
Fig. & Unstead

3

y pressure distribu

4 5 [ T ]

56 77 UH—-EBRBICL 8%

Trimaran-2-aft, Trimaran-2-mid 22T RPM-3 12 X 3 ¥EHE TV, 7Y U H—OEBNE
LDWTRHEEIT R > THRIAERE Fig. 6 ITR LTV, EEBICHERLHEEROAXEIICHLTE
EHSAREL, HPPERRLESEEENRF FEELZL DL ARBA-TLE- D, BUEHEANT
FICEEHANWAC ETERICHISUIHER TR - T3, HEERIL. heave DFEEEA T TN
AOEREL OFEEROLNEDD, 2ANICERER: OGRRIBHFTH B,

3 T )
H @xp trimran-2-alt
! ] exg rimran. 2 mid
: cal trmran-2-zft
X cattrimran-2-mid
2k e
s : . B
I 1 S
. ' ;
o N .
N : . :
1F : come T .
. ] - n “ !
P
a .- A - [ |
0 0.5 1. 2 2.5 3
iR

i
H.-\"'R‘ra

2 [ ] axp Fimaran-1
------ cal sirip
25 cal RPM-1 rimaran-1
7 2
&i1s
a /.'/._ B
(7] N * L
o * ord.
T2 3 4 5 6 T & 5 10
25 L ] exp imaran-1
| ------ calswip
-2 cal RFM-1 frimaran-1
3
s
2
a 1
0s
o =M - — ord.
& o iTF 3 4 ¥ 6 3
tions on hull bottom of Trimaran-1 at F,, = 0.76, x = 180 degs.

3 expririmran-2-aft
L] exg inmran-2-mid
cak rimran-2-ah
cal rimran-2-mid
! e
“ ?
s .m i
1+ a. . 4 L
L] .
_.. .
o] - b [N | 1 .
0 0.5 1 2 2.5 ki
1

Fig. 6 Comparison of heave and pitch motions among three hull-forms at 7, = (.69, y = 180degs.

{computed with experimental conditions)
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6. &%

b T Y LMEZE Y 5 EEROGREEZERIVCIRO D OMERFEERL, SVF L
BICKBHETO/S LEMRE U, TOMGIOTHICSRMNE G SIERENOMERERE 2L,
RRUHERAERC L 2R OHEEE U TRIEZ T o, BRMICELTRT Y M) H—0fRE
HEFIC OV TLMEEEIORAN SHARL T3, CCTHLNEREZLHILRDE SRS,

(1) AHRATZZ, AUy TEEUNERERZRTHL TV S, . HEBRELED DI
HiTiE, HREERERNG L U TZBRERNERVS LERIC NS VY LA L LTAETREY
2EDEEMT AT ENENTHEL LMo T

(2) AEEER, 7Y M) A-OREEEFLEBAOEBEREBEHELTEY. SREHNOsHE
WEITHBT L BERLI,

3 7UORrVA-DUBICEZ V) - XFHETH., 79 HA—REACER LU ESICHRES RS
ML BT EHNRENT-,
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BEEKROREE A DA

s EE
B LR 2R
EH %

B &

Bift, (EROWEEETIEEIN T Y - HE RS MARCEEES S IC K E hnt
FrLEOTTEMTERENTES. TNHIK freak wave B B rogue wave & FEIEH,
BOBMEY OEHE UTIREBVEIA SN TWEEOTH A, BRIERVENT— 4k
EDEMC K-> T, BAKE> THESEOEE RIS S Ich-DTHB. cDEk>%k
EREDRED S USRI T 5 T L IXII0HEEEEY 2RI 2 L TR TEET
B5. freak wave RIEBH TLERBH TCLRI DL b TEHED, El-tahdlsiEn
BEINTWA, DHAERTEN 2HDTIV—THREL Z8A - F T freak wave DTS
KA TS, ThGDTNV—TORR - BEESET 2 L EEVOFIROREIC
HLUTRODTEEBRLEZILND. 7O, EERIE EENT BEEXREOREY
EROFH] L3 EERU RO L S T/NEELMRERSPHMT A T L R ER
5. e, COMRKATEIZ, WS KK LB AROEIEREAAEERICRIT 50158
DY TF—RELTRBTHIEEI NS,

mRRSDOBE - B\PT

BFF:2007®€3H98 (- 108 ()
BT | UARZEIS AT 22T W601(% B RS 3SRE)

AL AN

3H9H &)
13:00-13:05 BIROEE

Bl # G LENE 2R
13:05-14:05  HEFFIRWISSIC 51T B 8RR E O f S O SEdgsTE
H R (KR - T)
14:05-15:05 Freak wave FRDHD 2, 3 O&kE
FEN KRAX D
15:20-16:05 WAVE GROUP O3 &03dh s et
EAME GERXK-I)
16:05-16:50 KEMILHOBABAREN
AR EER- DD
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16:50-17:35

17:35-18:20

3F 108 (D

9:00-9:45

9:45-10:30
10:45-11:30
11:30-12:30
13:30-14:15
14:15-15:00

15:00-15:05

HRAR

RA 7L —FC L BDFE AR

M EE REK - LE

Analysis of observed wave data to investigate of characteristics
of freak waves

Seung-Ho SHIN, Keyyong Hong {KORDI, Korea)

Structural and Motion Responses on Large Container Ships
in FreakWaves
fu {k, BREH S5, 8Kk 7E (EHEA- L)
KT B GREK - £EHD
EBEUER T — 2 DR (bBlcsa7 V-0
EHZE (B LEMRemsrr , PRl 2@ ek 1)
7V —7ROERBERORKE E
BH E G8LEWmEZemsn
TR OIERRRFIC BT 250 L RO E
FREE =l GREA - 1)
GIS ZH R L MTXEWHRRU O L — L7 — 7 ORE
BOARER, XwE GRRA - D
WO B % 21} Bi%KMiLE D — AR
it -, RN IEF Gtk - 58D

ROEKE
B ERT CGUNK - 155D

B BRI IR E DB OBIBAREE
YR @ B RZE T 2R T A TR

AR, SRR X DERE THRDAAEEIHGE S 2 L—F A > H—5EX (mNLS)
CEIIBEROMAENRAIITbA, JONSWAP AT MV PHENZZARS
PVEFET %L 5 BIRRICE TEOBRBEZE LT T3 (FIZIE Socquet-Juglard
et al. JFM(2005)). FE—REDWEIZENRICL T, PoFE{EH L IEROERS
Talb—arEETTAILICED, HENARS MLEET2REGICHT2m
NLS AR O AT 2RI 5.

Freak wave T HOHD 2, 3 Dids

B EA D KIRMIRZEARER TEAHN MHREFK

Ty BT R T 2 24— T Operational Model i< Freak Wave T3 A5
LRZEALISI ELLTWA. ZETIR, BEAVWLRTWARESEARY ML
EF N RER U7 Freak Wave THEE R ORI EHBNS 2 £ HIZ, Freak Wave T
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AR pEL 1) LHRAMEOFE OD-NLS Eq), 2) BHEOF— 48ic &k 28E0
A EBORRICIT 20K EICOWTEEIET 5.

WAVE GROUP hD2ED5Eh & e
BA i RERERER T¥RMAER

ERIZE > T 1 BRI (Freak Wave) &0 &, HERIAZZKEREOTREORN
BEES L TH LUHYE 2 Wave Group POAEMEREKEICMIBEELHR L EL
bid. RFEER T DX % Wave Group MOTREDEEN L LLHICOWTHL 5.

KR OBA RFRRER
FHE R HERE

KR ORA A ZZENER Euler SERREEICGRNEREPHET 5. Kmils?
Hid, FORKEEIKED 0.781 XD NS E 2, BITARCERTE (T
DETHAOMMARDHELICH U TRE) THSBH, 0.7T13 X0 EREVE, BH
MICAEE FRIZBEOEARICBRAFEILICN L TRALE) ¢HAT & HRN
WY, & LIEHER BIC & 2B ZE RN B X UBAREELE 20 Il i O r
HRBEES Z 21— arveEBlEHERLEDLETRT.

A 7 OEL—FIc K 3FFENEREARA
o BE RERY EERIRZAT

XNV FHElER < 1 7l L— &% B0 THEEB TSN TT - HiERE R % R
7. A0 L —~Z R EBEICBT S0 70l BEE L b BV E Ok E
TANE) TS BEEND DI, B RER CoHl U - iR X Tl
EOEVKEEES DR, 2078, BlE&ECBO TR L—XEBE L 2=t
NBZHHEHELE OMICBIERICRVHEBEAETRL THAED, REKaNEMT 5
HIRDHOBEORLHE O AMHOMENRR v, EFE~ /Y all—4Ic &
SHEETHRENG, HEAEEOEHY R Y RoOFEBRIOEL T 3.

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.

0170



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.

RBEUEGRT — 2 OFHRRIR (bBICBIIZT7Y—28)
EM £ FRaE#H
BEH R iBLEWmE 2R
BREMER - RaREAER ITRERHRER

1t R X N/ VD o —OBIS Kvitebjorn 3513 3 2003 A5 2005
B DI BFARRIR - B - AR 228 LT, Rficsd2s2 71—
BRSO RKESHEORRICh 2 HEERAT:. B THENEINA T Y — 7
OFEZHERLED, WHEBOL - FIZSB L THRTT 2RO R EBHESICHNT
% BF1A 7y o ARELHER (ZV 2 R) OHBRIERICED - .

7= ROERERORIREHA
BEH &\ LR

7 ) — T OEREEIC DU T DRSS S HIKIC A > T S 23 #A, Benjamin-
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Feir AZ3E, NLS ABREADT VY —#E, WEELAYZ FVRE AST) , EHTR
RIS HIT 5 4 RAREIFRERD © ORI —TREH BOBFROBHEE 2, 30H
MARICRDAENTVD, ZZTRINLOIV P AROBRICDOWTEEL,
EHIRINOLD L HTHERORBRE LTI 1, 2EEZ ELTEEBEOA A
IZDWTERT 5.

FRAEFIOIHRER LS T2 ARt L RO E
FRRHER  RERKERFER T2ERMREN

TV —VROREERIE, WEOLTA, B 5NEAAANY PR ORRDE
FZ B HEBMOEREEINIC, FOIERELODER EOX HICE#/TNENE
WHTET, WO DEHMEEINTNE. ChE T, HEH (BoundWave)
DTEE, IEHISHEEIER (Benjamin-Feir N&ZE) OFED, WIEFHER, &LL<
BRFROIERESUESIE TRE SNz, CORETE, HASMEEISKE Ok
THf - W3 TiTol, ARERZEZRLU-TRAEEROERL S, HOIERBHE
(F2) & AN FRROREICRIITEERPHEOMNCT 5. SEaitEr s
CEBEIABHEFANS R EREREMENERICRLC b oM. &
7o, BEEOPETART MV 4 BRI X2 EBIC A8 EX DL, 15
MCBWEETH Y7 ML, HROMERE, AT MUY FERADEEBEOR
ZL2BIEET AT b ol. COEBRE, BFEOARAELERULVER,
BEOFERERLUNOERBROBRICH - IREPEX 22 L I, BEED
FEILHVT, 4FHRE RS IERBHEER O L8 RERNTHEM &
S IRV IREERT 2R T N B,

GIS ZFI A LT MTZERER 7 L— L7 -9 DB
MR, KFOH=E
AR | WEREAY TRRMRA REREE T AHEOONMIBE | JI K% eI
RIS ARREEER

OPeNDAP{Open-source Project for a Network Data Access Protocol) &5 1
Z—Fy M UTHIEYRRT — 2 2FA T A0 ERICE Y, MEARD
T—2O—REHESEA TS, OPeNDAP ERDF— 2% GISTHERICERL, M
HFP OO MBS B P BT A TR OB WA TR TR 7 L— LT —2
BRET S, &, HBOT -2V —ANGERENZT— 2% GIS icHta - Tk
FBVATLOTA 2L TREARL, TORME, ERAGKIC OV TRET 3.

U ORBE RV SFRAKILEO X EEA
it B, RJUIETT @ SUNKZERG R 2R ER 3T

MR & T, EKENID ~RIAIEIERIC & » TERE N A H LR OEE
MK E CBEE 51350 Y 5 Aic DU T AT SR S 5
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/DT NIRRT,
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T EDHRBMEBE LN TV, KHEOKEIT 2007 £ 8 A B4 The 9% International Conference
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HECTHET AT ENTES. 123558
HREEETHY, MROERES TSI 20008
A THECMBREH L TWSAETHSE. &5 1
DA A S-BIBBEEETHD, HEOEESEA A
S—HNCIER TRITAMO P CicfiB L T\W\Wa e st
M 2AETHL. —BNICBEERFICBEWTIES Y
STV ABEREBREENEVS R, REERCEANT
A A S—EIHREREMFATHVONS.

Bk & FAROERMEL ERERETRTT I8
12, BSEESUNERESVWORWEE T,
Fig.1(f) icRT &3, BEEHLTS Y50 Va
B%, BRI L T S—E2EHEL, 2h¥hg
VIR TRRET S CENTRETSHS. O
i, BRI IV adRRWTIRR LT\ WA
¥, BIEROBREOEHFPERICTES LW SN
H3. LiL, BRCKERCHEOESHETIRE
REEBRAEECRD, Ay aOBENAEETS.
Hie, PR EERFNFROSEN2— FABEL, #
DEBAETHEWCT— 220 bIRb 35T & THEK
BB ThhE Y, FO7LI) X LOEEEHS
HEIZA MOETLEERNEHETIREN

Fig. 1 TBROFE (k) £AFE (5) TOERARH

2. B

KK TIE, Figl(d) iKiT X 3ic, BEEEFHE
DRFH XA TFT—FECEIOEL, 1 DO I—FT
RN EITS SEREETS. B2 —FELTRA S
S—RIEGRRT I— FER— L L, ThicHEOS
HEeEHEERBL, FRHI— FEMINT SETERE-
BRI IR T 5.

CORETE, BRIEHLTEF A T—FE2HWT
B9 20, BROEBRmMOERLBHSNTELN
PWSERRIIESN, A v aBERELAVESHRE
ESHMBEREIC L G T AT LA HEETH S, £,
B I~ FMN 1 DCHDI S, HEIXFOmP S
LEOERMNCBIR AT O LN TES, O, &
& BROBERE TOEMAOOFEICITESYER
(Mixture Theory)' D bHHIN 2 E X FERVS. &
WET, LEDXS5ET Fao—FTE& &gkoE
BRIEOBNEER 5. FLT, FOZLEDENE
EEEL, KOUBENTHAROEW I Z2L—T 3
YFEOBEFEET

3. BRWRFE

AFERA A S BIRETH S, FRAERD
BRELS ST, KPR TIRCONEABRROML
I, HERIEBHAT v TEBWAT v Fic3iT 32,
DN LTI, Fig2 iR &30, IEBFHA
Fu XTI aMICEHBLEE ERLEAY
Y aRTOMBICE XN, BN TERHEDITHRS.

Fig. 2 FBHRAFy TeBHIAF 97

(1) EBRAFTvT

EBRAT v TR, EBEOT T IV BRED
BMFEEZOEEREHTZILENTES. AFET
i3, BGEOMNRIEIIC B2 BERRN I— RERIFD
ThOME 35, CORNCRLT, WO HEER
THBIC, BITBERD X ICEAYHEREAVTE
R EFEDORNZ T L, BEBHOWRAILT £ —
Briw s x g%, S6iC, fROENCK 2EE D
{LzERS 2edic, FERMRBERDFEL-A =T X
HER% HEIC Fractional Step ¥ TN Z HiExEH
WTEEERHE{TS

(2) BRAT27

FA BRI 54 BEIEMEEL L, ZOXRESEB
AT v AHEEL TV D, BPISTTIR), 2 ROBEIE
BEFOESER BV - MULCS(Manotone Upwind
Schemes for Conservation Laws) &) ¥ FHIN 2 55k
RS, IFERAT v 7 TIIBGk L REORE
BRZPhTRHITICHR I N A DICH L, BRI T v
TTRIBAYIEERIC &L DBk EHEDIRS INH]IC,
Mo DREROBRYE LOTEHEINS.

4. REWER (Mixture Theory)

AFETE Fig.3 loRd & i, Btk HikOEim
HT2MELU L2 STCREENEETEIENHS. T
DEZDOIM D FGESYHEREHCS. AR TH
WHREAYMIERTE, 1 BRAKEET 52 TOYE
KOV TUTHHEERRALTHHERET S, TOR
EZ T BEAOBMEDICHZETR L, BEEKT
FIHEL TERDOWHERD S,

5. RRIRER

(1) MEWOBFEETSIILIL A IRHE
WAREFN L LT Fgd icRT £ 57, /KED RN
HYAMEIE T H 58 (B ICHizEd 5 3al—s g
EFROBTS. FEIIEE 1000kg/m?], FELIEREK
0.001[Ns/m?] Dk TH Y, BERIGERENLZLDOTER
ORFPECHERTE L L9, Wb or g
EEELTWVWS. WEEEE 1200kg/m?, V738
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(R AB - BICREES XS I AR ER S XA
EEFFRLTHVS, TOLIE, BEAHCELEET
HEGOXE , HAMEZEETORERREY X
CHRR LT DR TETWED.

b= (.69 )

Fig. 5 BERORETSHHLT L4 7RIE - TSR

(2) BRPOAEEE

Fig 6 {oRIITETAOE S, bk AR
DEhEFREINEREICERS O T Y I a
L— 33, EEKERELTEY, ik 75 X5
2 PREMEREL TV S, WIkIEE 950[ke /m?),
YR GONMPa), K7V 03 THS. iz, Xy
a2 DSEEUL 50x20 TH 3.

Fig. TIZBHTERTHD. oA LOEOHIc L
THREDES BFSh, TORKEES D HKmEmick
P2E2Foh T VaBTFSHh S £k, hikoghe
& DHRONEBRICTEAROBEFEY I 2L~
TECWA. CTOLSIC, BEREFHEOHEERIC &
ZEEOE(CEXIBABTEHNTETVS.

Fig. 7 BiEAhOPEES  #FEE

6. B

AMFRIC LD, HESREOBRWE & L itk L O
BRI LT A FETRIFRERZRLC L
MTED LM hhoie. i, BHFEOBERRENT1—
REHRT BT LT, AFEORARDOHI LRI T
EMTEI. ~F, AFETQRZEDEKRLRIEKD
HEER 2175 &, RAYHR T2 588
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BREZ\DH LV TERV LW S HIREEE,
DEDC &Y, AFEOBERAEEL LT,
FEROAVER EFEDERMEEEX SN, EREYT
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EFBIHET SAF v IV WEMHO D ERREICRIZTRANIBOES
BERFRR WHBERELE Ak s

1. ¥8

ERAVGATHAREITEIERL, FOEBERYUTHY, BEMABOSESTORLEH DI, BERETHICE
P bRDVRCSEERHD. £ CHE, —OBFFNRLIAATORBLERT LMD, LHREELETIHNY L H5
(PLLAYZ AWV B IEEH BEEREB Sh T3, LU PLLA MEDF A4 A T, BE - BitomE» SERSTsRES
DT e, SRETCIIEREMINHEZ L, BREEXREVESIIBT 2GR SRBRARYIC LS BEERO SIE2 Y O
EBELS. 20, BRERCAEKRBESHEL2EETHAM T, PLLA S4AKERET I v 7 AL OWESHBIORERLEH
T3, ZTHETIIAKENEETF Iv 7R LT, BOBBIRS L LTHELNDI S FaFi 784 MHARRE J &
Fii G ARTERRIME LT BEY VEBESH L AP-Cay(PO,, B-TCPY. 7 4 T—H & LS ROWER TR,
TOBBRBECREESRBIATERE. 209 Th, ZAGOHEESHESESMRIC L« TEERNTERERS T L
b, £ERNICA T F 0 FLEBSOEASHZ B 2B oSBT LB LNICTA T b, AETSHORENLHERI
HETHLEWVAS,

FIUERE TR, EHERRERERMORENBEIZhE 24 770 Mo L3 N FNEHE~ DR B LNz T s L %
FE LT, EFEEETF I v 7203, AERMEIIER, SWEKERELRT B-TCP £V, PLLA L OESHBIO®E
B, O invio BEIZISH S DEHRBEICYWTEHB AT 1=,

2. EWEH:
2. 1 HBHEH

T4 F—HTHDPTCPHAFLELEY, VBT byl, <Y v 2 XM Ths PLLABEREN R, V4L
BT 77 1 45000) 2 E &L 10/190, 20180, 30/170 TEN-FNIRERE, HHEBEE BT 100mm X 10mm X dmm O dif RE
AR L. ERRSEEAVERZEADPBTCPREXPIEL, TOEEELIIC ZEIZLY, BRAZEESRFFEL
1.
2. 2 BER

BEAEEREL LT pH6d RU pH4 © U EHEIEEBRS) X AV /-, HHERIZ L - TEM LB+, BEHEOEOL
HZEETEELT, 37°COA »Fas—F—NITPBS ~DGEE2To/k. SiEHEE, &pH TS, 16, 20 @ME L.
2. 3 AAEn0NEtEET i

BHHMEE LRBR A O FASER, SIERBRUXED 4 SlFR%IZ L - TFRE L /-, 3IERRIL, XBABRICT
NI ETRERYE, AR OEEICOTRS —ULERE, RBRAOWEICO TR — RN L, 70X~y FIEE Imm/min
Lo, e, XKEP 4 SATFRBRTHE, ZBRACESRICOTAS—S%ESF L, AT ARMER somm, PIESIERE
22mm DERFH, X~y FEE lmm/min TfTo/.

3, ERERRUEE
3.1 HFEREIER
STHAEIZ X o TIEM L 72 p-TCP/PLLA HEHELD, & pHITIT 5 B-TCP SFRZLATFICFRT.
pH6.4 : 52, 9.1, 13.6wi%
pH74 : 5.0, 9.5, 140wt%
EHLERGRINY, DIREORZNRLTH-RY, FOBBRRIZEVTLA-TCP DERESBE SN, BTCP DS
FREFROBMEFTL VB BEINE. REBEORBA OHENRRE, SIRRCEHTOAMEECRD LT, B-TCP
OEFEOEMIZL - T, HMEMETL, SEERlnL .

Fig.1 iZ pH?74 O PBS (I —EMREH L 7= B-TCPPLLA #EEM B0 EHBERERETT. BRIC I 3RBIE, 50m%OHR
Ak, SIRMER I IRMERICHL T 20 3 CHRABIh o/, TO—FT, 95mt%B R 14.0mt% DRBH TiL,
B 20 BE T, 51RMEE - 3IRPMERMIIRVWTHEELETEA2 00, 4om%ORBA T L T, 2% 16 Bty
T, TCICHEROETRLOND. TR 95 BRI 140m%OREN TiL, 50m%ORBN L iz L T2 < ® B-TCP Bk
MEBRINZLLBETHL, BICP BEASBRICIANELREMNCRT TV AIZLEERTS EER2L6ND. 2FY
HEHBROPEIZBITS BTCP BHEEE, WAL THERRBTELAVEYRBIZZ>TWE RS ENA. F Fig2
[z pH64 @ PBS KRR L AHAB I BT A5 BRI R 4T, pH64 @ PBS 12551 2@ T2, 20 Bo@ig, 2 ToRE
AIBWTSRAERUEEROETEL LR, 95 RO 40m%BORBHICEL T, FRoOETER pHTS IZBIT 512H
LVbReEpol. BH20BEOEL B-TCPEFRORMOUERAICE VT, SURMEOETRII pH74 R pH64 TERFL
2% R 2%, HEMMEARROETRIZTHhER 1TETR 3% Th -7, HHE20 BARIZHSNT, 9 ImBET 13.6wm%ORE
AOBERBERIL 52m%ORBA LY bEVERRLE

Fig3,4 1%, pH74 R U pH6.4 © PBS IZR R L - S IHMM% O s T RBEREELRL TS, pHI4 28T, SIERBHER
FHFIZ, 20 ADBIRE Swit%DRBRA T, TOEEBRR LN DI L, 95 RUF 14.0m%OREH T, diiaER
UPER & LICHFICET 45 2 S MRB &ic. £7- pH6.4 @ PBS (@M L7 REA odTRBEE i3, 31 ERRK L A0
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FEma L, BR220B#ORL B-TCP EHROHY 13.6m%BORBFITISNT, #FHMAIL 33%ET L, P BMERE 26%
{ET L.

RO OERPD, ARFFETHEM LI B-TCP/PLLA & H Elo 2855012, pH6.4 © PBS (24517 % @IT3sv T pHT4 &
K LT, BRIZISHFOHFECETHIEETHS Z LRI NE. pHIZBED O FHENRBEDIE TR, B-TCP & PLLA
FEC p-TCP BMRES, RIRIZL > THEZABTERAVBYIRBIc Lol LICBET L ELLNS. pH64 D LS4

B pH BT 5RIATH, AEMIZEWVTPLLA L0 EEMICHETS L E2 LD B-TCP DEBLER T 5N S
Rl o o

—A— 50wttt - -0 - 95wt - T- 14.0wt%s —&— 52wt - - LF -9 lwt% - O- [3.6wit%
= =
o, 60
5 00 b
= 2 50
-'E:SOL . =) R
§ + o o o _ﬂ_‘ s § 40 * ; - o
5 40 = x ° [ * -
E * g 30 I ! . ) b
= 30 1 1 1. | =
(] 5 10 15 20 25
0 5 10 15 20 25 Immersion time / weck
[mmersian time / week (a) Strength
5 (a) Strength biid 5
= ) i
G { = i
= Z = .
= + “ ET A A S
R A T N = al Bad
=1 . = 3 *
= o
2 3 ]
é E 2 1 1 1 P I |
= 2 = e : e 0 5 16 15 20 25
b 5 {0 15 20 25 Immersion time / week
Immersion time / week (b) Modulus
(b) Modulus

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)

with different immersion periods in PBS(pH:7 4)

—&— 50wt% --0[0--95w1% - - 14.0wa%

2 1o LA S2M% <D 9wt T 136m0%
= S L
BT, | I =90 -
ST o E g EEN T S
? 80 ¢ ¥ N W B0 % 4 .
s 70 5 E 70 ;o
2 60 E 60 L.
g = ¥
Eg 50 PR L L. I 5 50 L . L L !
0 5 16 15 20 25 = 6 5 10 45 20 25
Immersion time / week Immersion time / week
& {a) Strenpgth « (a) Strengh
] 5 r By 5 r
w . . e © . %
3 0 - - - W S A
S 4 e — i T ~F 2 4 T ®T “a
2 ’ :
= 3 ®
w 3 | Z 3
=1 =
b= %
[E 2 1 1 L 1 —l é 2 L S PR— SN R N — |
0 5 10 15 20 25 0 5 10 15 20 25
Immersion time / week {mmersion time / week
{(b) Modulus {b} Modulus
Fig 3 The results of bending tests of B-TCP/PLLA compasites Fig.4 The results of bending tests of f-TCP/PLLA composites
with different immersion periods in PBS(pH:7.4) with different immersion periods in PBS(pI1:6.4)

4. &0
FHERTH, &% 5 pH O PBSIZ BTCPPLLA BEHRZREL, TONFMNFEOENICEL TUTOBBLB-.

(1) pH74 & PBS BHHZBWT, BITRGSFRATH T BT 2MER MR, Swm%icii L € 20 AR E T A L3,
95 BTF 4.0mt%ORBRIZEVT, FBEOLOLEB L THEELE TGS,

(2) pH64 O PBSIZHTHWIMTIL, pHT4 LHE LT, MAMEONENHRIIE 2 ZRERK S hot.
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2. HE A

BROTF YA L, HAMEESAOBRRZPEEL, LAMKEER LD Z0D 555 T
%, HAHABRBAFEHN T L X 1BETHRICOWVLTOHE Y HWICTRY, ARICOWTH
wx LIRAAEB]T 5, ICHIEPMERTOMERESRIIL Y, HEEEVFELEAT
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WMROBRECSBOMEDT A NTBIIT 5,

3. IFEAE R

MEEERETL— ) — - XU HHE R’ TERD, L—Y— RF—ILHEHDY 2 2
L—arEFS50CiB - @FEFVERGCTE, WH - @FEFIUUE, FOEEEHERE
WFIEL - A= AFBRCE I EHFFAENTVEY, FCT, YIal—vark
oM, THKEREOBVRFRLY Y ERHY, EREERROHER TR -7,
BORRICIE, 2 3 Jot—RELTRIC BU 2 EHBFHN & 70 2 BFRHEIRROHER 1T -
Too FERIE, LA/ IVIENREWIZE EHEBFHN O 2 REREEROL B A%, LU
A JIWVAENIRENZE LTSRS K ENC ERRL TV, (SEH)

HBOFEEBTEZERLUT, N/ Y -NAL AROEBHAERZIEIL O T WEEE
MERHFENCERLU . 510, JEREORIBREREEDE VT, REBURERDOD 2 4
F AFE R ARG B BUHMINC SR, FORBE, N/ - INAL AFRDH A A
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1. B

Vi, &BRITF, B —RAT, H—R e b OBBN 75— &R FITRNT50 8
XY, BER LM, FEAY, BEEREY, EREEREMELTEFER ST ~DIEH
BREASNTOS. MEMEEEICHL T, +O2BRELERHEERENSLLLICTHRE, &
TR BETHS. ThODEREWMI- I, b—RoF/Fa—T7  BRREEE
(NITRLF /B~ — I LD ZHE A M RN E R ER TH D, F2C, AR TIEAH
BTSN THER 15m OF—RoF /Fa—T7 LIARERESNTIR T2, Y
=Ny RTREMTHILCEVERES BN BB M2, IRTEES
SMNITHRL FZ MU0, BIREIEDRL BB T ALRABICEREERIEEL FE TN
TE. BRERRIZOWTUIBNRIZHE T35, 22 CHIR L B S B0 BER
BT EHICOWTHET S,

2. MEBERBIUERCEMLEH
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Fig. 1 GFRP chips by milling

Fig. 3 Section of normal
GFRP
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WCHBES, BEE, 177 P BICEERHEDIL T THRERMEE L L Tablel SR LEH
BEBEZAWEL. £, ThEhORERFEALTOEb0LHL LE.
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Fig.5 Finite element mesh.

(b)

Fig. 6 Mises equivalent stress distribution.
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halilzdgniz,

Cu/In=8/12 Cu/In=10/10
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T JCPDS DEIELEL &Y, FoigT
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a
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LYiffraction Angle 20 (deg.)

X3 XRD patterns
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L, eI REWVERAT LI,

XBREHF O RO FBIERIL, Inrich 225 Cu-rich 1272312 Lo T, BBIEMLTH5,
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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,
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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,
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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).

6, AE{EH B Ti-No-Ta-Zr ZB-EOFMBM LA L FI50HHNE
FENEGEIRFE 2BTEHTERD
AR Ti-29Nb~13Ta~4. 6Zr (INTZ) S-2i3iEE BRI ERIZ 3\ TR 60 GPa DIEFAM R IR L,
NI L - THEEE - 3EME/ 3T A 2 EBESIZHEFE TH 0 | X BICEEBEES o ER
BAE&BHEEEB L TES TENI ENETINATWAY, UL, R g8 o EBeR
MEL R U TRIFE NG INTZ BEI28WTH, Blioe U TAEBEM 2B L 0T R mEs
L3 LAR2EREEOREPLELELX LNE, BE, INIZSEKE~) VBEIA LY L%
HZ AHBHAE, RKERIZT 100K P EOBETEMTLIZLICLY, FoREic) v EBhALL T

0610



LRI T AR MEICIES SHEF 4 v/ 2—F 4 UV IREBAHE IR TV 2, Lnl, AR
HIZE TN TE TR, BENASTPICTINGZ §20@BEOBECERE (1063K) LLEiImhnz
SNRFEFRIFEINS72D, REEOBBAMBOETIESENS, LERST, a—F 47
SRR [T AR L DA E O ESVLE THL L E L LR D,

CZT AWETIE, ) BN w MERIEH T A a2—F ¢ 7 LKA Ti-290Nb-13Ta—4, 67r
SEONFENHELHAET L, BOEFFHECRITT 3—F 4 L SOABOBEHWTHE - B30
Fral

7. BlenBEQCTHEEIIGT SHBITEEC Y ToME
EHEER, BB, »FIRRE, 0%, s BEE
(UMKZE  RERATERR, * L RER, w e

W, ARBEEVPEBEEOTROAREHZ DBELRSRIL, 15RO~ 72 RE s
BYHBEL e TETE, BREFHTCIIEEOETREE L UEEERBEASH X - T M )
WThhaics, WERIIHENEED LR35, T0, B 1BEHFHOBREOR 3 kT
RIZ2SAE OWEBIRIBEOMENNER T > TEXTWA. BiZ, FROTFTHEBICRET A BRI E
OFRL 2 TR S HERB CTobIitBE TH S,

KL, e OBEORITEF N & R RO o — FEEH U PC
TRIrTELZLBRMENTVWS, 220, HESTHEORREZRTT A 2B+ DBREZ 2N
THEHEM CIEET 2 VA7 L41EY, THEOARFRONENZES1TB> &1,
BT, TR OHGIZIE BRIV AIREREAT T N4 (B LIS HEEFR 2170,
T, LOEFREFARERIEL L IVEEBEO TRERRERT AN CHRT ZERT
AT ) I AEFETT .

8. Nano-whisker Reinforced Glass Ceramics for Artificial Tooth

Wen-Xue Wang , Yoshihiro Takao, Terutake Matsubara, and Shin-ichi Ukon*
RIAM, Kyushu University, *Fukuoka Dental College
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
are 35GPa, 85MPa, 15000 and 400GPa, 8GPa, 14400, respectively The resulted products are investigated by
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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FUHBBRIT UL, MEDRER 2 L, AMHEIDEVIID SNV INEOBEFER R 5,
FRORBOBETII 0 EBOX V7 AL U THEFCR AMBRMARET AOIIS L, EHHE
TR ORI RA L 5, ZOBEBOBEVT., BEHO HIBHEY) / ByAMasEX)
OHAFHHATREOBRE LY RKE R LOFEEI L2 - TV 3,

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.
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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.
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() 17:00~17:30 From canonical bilinear forms to bi-hamiltonian structures
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ALHORRE LIS EREMEILMCT 3R LV THA S, 207, HTOEYEHE
ME EdnEsh & BRI ESiE S el « A— k< Y (CA) ICEBEFVAEEFTV, 83
BRRDAHZ XL LT

1 2&7T FitzHugh-Nagumo 51203, MB#ROESEERSE NIRRT 2 eFILTH
Y, WEERL-ERETEET SEE UL AREED. CoRBEEOERICHEREIC LR
NEEB T HREERARSKERHLE. TRoOBRSOEREEIT, OV ABHEEERTREWN
& RIS 2V AR F T AR E LT LB T L B BEMICR LT,

O11:15~11:45  HEROEICONT 2B 5FHE L EiTHR

BE ME (UK - 3R

WA TRE A MIC— R EROBH SRR E S FHEIC L - T8, BIRARC SR
ZUVLDEERT 29 b REODTFad—SERLTHEL-.

(0 11:45~12:15 Wigner formula of rotation matrices and quantum walks

B X, B OOE (kBT , S8 R GBEER - D

RS HEBEROETL ELTEBAINEF U+ — 7080, BFESERREELMRLTE
HEhTwa. &I, 9% @EHREAD QR 1 XTlo 2 KERTF Y+ — BRI LT, BFY4—
T ORI THOC—A Y MGEEEASE L. ©OBBESE, SHNES Y XL 94— TR
HNZHTA554 LIIHBNT, Bl (BFE) EL TOEMNE WIESEROME (SEHOBEE%)
TREINS, FBETIE, SHE ((Q1+1) (8 KHRLE 1 XRTBF Y+ — VBB REL, —ic
FOFERDIHD, SBOBEBERE B R r— VBB LI-LDOELSHETE5I N2 LER
T EHBEMY Il — Y OBREDHBLEET 2,

(013:30~14:30 HRESEEOBHNEDOK | S&POWMGERFORERICBT 2E8® 78

EBh ¥ GRRIER-B8HET

HHHEDOERICH L LR EOBUNBRES L, BHEL N i 25 SBbicRE LT h s
R THHIRT 5. PO RERLTHBN, GSOER L BINEAKIc L->TiX, BBEIA
HEOBNEERERONHBHE LS. RETAEROHWFOREESX ZHRZANT, TORED
HHBBIROBX L BEREMEHZORELLERTS. T, REIFEDINFORE2E X DER
EEEEYE, REBELOMASTHEDHWEDRREZSX 28N 28T 3. FnoOBRIT, @EE
MORZZERERAE CHE S AMENOEREER T ARICERICE 3.

O 14:45~15:15  24+1 OB S E G FHMBEIER

B EST GUNAR -6 , A8 BA EEA-SREY) , B @— (The University of Texas-Pan
American)

BERERZLDOBRARICBIZEREHO 2 X EEREZZ 22, SHOBLBOEER
7 WV BT HRDRIEEGTT (ke ky), (key —ky) D2 DDBRGIC, EUAERELEE, X
AR EZ 3. £, HEEEE#ERTERNSRELEAOAENEELRISHERN IS,

O 15:15~15:45 Laurent MERXEHLOF OB SR AI@EIC DL T:Schroeder B B =175
AOHHE L F{LXOWLY

M MR (5K - B

Laurent EAZEHADTHIRERICIENATHIROES, #HEO Schrider BSORCROE RO *
FAWTEBETY. &¥6lc, ZLICRNAREEORED S SRAOWE T2 ZHEH LR @Hhrhb T
EERD.

O 15:45~16:15 #HLWElOVY brAER

LH BRE (REROAL#EE . XA 8L (#EX - AR

REFXTEILHSNT VB VY FVABERO N-V Y L VERIZY VU o OMBEER 2T phase-shifis
DEPTRT 2HROPTEEN T 3. phase-shifts DIEN 2RO LTERRTERWY Y VAR
REERL, NV R VB pfafian iIC X 3BRBLUTAERDEMLICRII LT
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O 15:20~17:00 NXKIFcXhviray
Fé)‘:ﬁ%f}&ﬁiﬁ&lzswaamgﬁ, BEMELEIURBOZOAF—/—] ic20T
NFRV AR
hoRk 5 (AR AR IIZER)
B £ R KFERERY A7 NER T 3EWRRD
NI BEE (E¥E AR R
i {FIE (RERAAEASEPER 2 TETH)
BER 25 (GUNRERZREIEEFERD

TS MR EE HR KRR T RERMER)

JEREREOBIAL, REFSITRTOEBI2TORMIRHEF— LEo2TED, FORHOHE
BOEHBHROBE RKROTEFNILE FORBHEFEL EPBRAIKHEEINTWS., L L—HTH
KPEHGBRICERLL TEH, Hl, BEFARBIUHBROMEEORORELEATETVS
DLREETHS. ZUT, THLHIFFREVTHHRNNICEBTEEL TV 5 BOHEESE T
Z, SHBAMMILTIRAA— I LT MCOWTEZZRBRRTE Do, T, #16 0/0218
%ﬁn%b%%i%&%&ﬁﬁmﬁ%, SHROEFEARIC BT S LVERB L Ao BHRTOE#RNRETD
O TELE .

(17:10~18:30 KA R—~twrgw

(1) BRI ICB3ER (BAE) BITONH

M IR—BE UNK -« ZHf T2

DREEE P EHIC 51 2 BiR0EE 2R T 25D 2, SRS BV TR
ICANS. TLT, BREGEMICE > THRONZMCRORTEEBHROBR L, LOBERNLE
WEHEDIEZ RS

(2) Nahm A8AD -REBLE TOBIR

i M CEEX -3 , A 8 CRkERRE)

BT ERE, T/ R-ILAEAL U THISNS Nahm FERD ¢-BBILICOWTERYT S, &
KFAFEARIKEM L ERICDOWT, BRARE, REBOEBRIZTS.

(3) BRESRERAVEESDBICHITZBREISAAHENTE7ILI) XL
HH RE, M sh— (REHX - IT) , 88 B (JST, SORST) ., i #E (RHEK - FHE)
Aff Cld Kakarala-Ogunbona (KO) OERAM 7L U XL DWTERT S, KO 7 d) ik
TRIORREDR (SVD) I X h BRI ERT S FETH . KO MRICED 2REEII B IERICE W
CTOVSAGERTLHRES. —BNEEEANEKIIREEN IS A2 25T L EEREAY M LEE
BEICRONEWL, corE KOPATUXLORR, BERcEREREZ A0[geib5s. 2T
TEABTHREE ZAZ2EBNT 27NV T XLERETS. TEBRICS YA LEROLE 21Nl
EENLRoNEERBE~NT PLET ANZELTHVWS, BEERICEVERT LAY X LOBR
MERT. ol 74 FNOBTRLIc W TERT 5.
(4) BRA7ZA4 A —F &L 38EYZal—vay
A B, il A— (FAELL - I
REABRICHTIRERF - LOEL RTERLZEDLRSODTHAVREICH L TREMETHS.
V- ly FPERRTERLRICR L TENTHS. UL, Wi—7 Ly bERORKBNTBESRE
ERARRAER TR I MLV, REMEOY ) UV SIIREEOR THETETH D, HER
RICEBEEENSENBS. —H, WESLR7c—7 Ly FRED1 DICB AT5705%%. BX
T A NIEFEELE U THANAEE TER NG, LEF-T, BATSAVERWE-BEEHE
KEWTIREERRICER T 2BMEBEX VPRV ERRYNE. FR TR B A4 UHI—F v
KB HEXOBBREICHT 2L ER LTV, EHLOEWHERIET S,
{5) Lie Symmetry AW W I HBOHEOERFBRRARNDEH
BE B, BM —F (ahEX - 1)
AERICEH HHEBRGEICOVT, RTONFYE (Lie Symmetry) I U TFOIREERET %<
Y ZHEDOHEEEMTABARICELTERL, FEOERRESICBWTRR L. S0, TOHE
EEGAHBRCHUTHELBROTC, #ET5.
(6) EAMNE BZ BEtIVA—FR R icoWT
Al T, B§sh Bk CGHIK - 80ER%) , 8 TF (BRAEsHED)
WEDENA— 2 b BFATEN R -V EEHCT 51 DICIERICLRIBESS L P R ANE
HHb, FISTHERABRRZ BEMRL OIHERTELA— b F rOf| SR T Er LEN TV
oot HAOEFVER, M- NVCESAS A RARAEMAAT LT, AT HERETCNNT
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fELird. CThICXDREEERT, XORENLEIIBAEIITIALICES.

(7)) 7L o250y P2BERTAERY) b AR

10 B2z (ELEETFHEMER)

ERERTAELZVY FVARR (FIZE, BEA% mKdV ARR) A2 UERTREAV Y M
HER BIZE, SRR a L 7 YH-HREY I OWVTIE, NS ORI NT &k,
COBETHE, ThETEEALERCATORWS Y T Lo F 40 2 BRTAE R VY Py HERRAK
DWTHET S,

(8) HNER QRT ZDHHE L5k Newton BREORK & OHG

e BA (HEER - Bab)

HEE QRT ROEFE% (tropical A2 DEKT) W tropical b LT T % 23R Newton BAES
BRicE B L. FOLETC, B QRT ZOEE % % OHEE Newton SRFEDOFRK L OWEEFIRA
LT, EICHE Newton SABOEREZ L Lic, HAREFEETORBICHT 2RARE Bt
(9) HE-H#RIcH2EERS

IR @ (BEA -

YLF =+ P EAVTHE AN TORNEZEZR. FNVETIRSE, oSN L
U, HFDIFAZ—bE I WIETER L. Thid, SIrErdkbElics i 384a FIclbE T
XHLEZD.

(10) 3HFRFEART V¥ vILEGEORME

ik (FUNK - BT

BN RTH5IMFRFENINVIT Y H{g, p) OFER, p=0E LEEEONEREq, 2F b,
“Hlyg FEETIC LT, BARSET S COREERE, By LOEGE TR, B
U, EXta EOBSHLEEZT S,

(11) v FBREBV: L T AMERET VOV Il -3y

€ XF (WmxAkI)

FHIZOTHFOFF—TREIN S L 5% 1 Keititikozsy, VU b UEREP#MES LT
FIERAWCY I al—Yards, SROEKXTIICOMBERNT, EHT 2 1 atEE0TE
EER->THS.

(12) ZPRCEELCLESRAOCBRRERICOVT

¥ th{E, HLE EEE GREA-TI)

EREEZCh2XKAHD, RBEREFELEETS. FRic ks L, ZhCEMARREE —E
BREETEER YR TREBRKIC L L &, FOEAOEERERIIREEED L 2ICHNEETBHT 2N
LH-STWE. AHETR, FORSEFLIAL— a3y TEETITELEANLELTVS.

(1 3) SHEFERRIZS (-HEEMREK
7 & (s -8
Clandio Albanese {& Feynman-Kac DEBDRME T AR S, FTIAEHEFZRAL T 2BOHEM
HHEAZEE, FORPERAEKMTRRLE. £/-, E Csakiid, BBEELLTHHS XL
7 A —2ZF\VT Feynman-Kac OFEHODEFEEBE L. JTTRNTA-2— q 2 EUHERER
@ Feynman-Kac OFEHRDEZLD 1 DRERL, ZTOEE - BERAEREFVTERT 5.

(1 4) HBSIIRISOMBESE R & NiHETEY

#RE (IEk-1

BT a1y L RS - OREI Gauss I LT, £ 3 XOEMEM L & B MEHR L O
%7 Borweinlc K-> THEREN:. —F, B0 EER, s cicd > THAIORLFHEORME
KRHINTWAE.

SEIOHFE T, BEMEROBBENEEDT TRINLZFERZHOESHERR LOMNBICONT
BRAT ETHEEFENTSE, H28%0EROEAS EOMERERT . S5 KEROFEFH
WTRLNAERHRADYA F2ES,

(15) BEM-4CHRO Legendre FIRNBINICHT HE8

B Rz (TEFK )

Emst HRAITH L T, Neugebauer-Kramer f# 2 0 S {TRIREOBENNENTE O, BEHN-AER
BREIHLORIETHONS. I, ZORBEOTHIRDESY Legendre ERAXLTEDLR B & %
ok
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(16) FRELBICE-S B mHEm

MR —35, G BE (ERELA I

PESR I H OV RAEEREO S ERREL, POREER -, HERBRES(C /A X%
MABEGEER B FvR) VIREY R, TOF % 2 U Y ITHATAILF » BEFONE-BHFE
g ON/OFFHIEIT 2T LIC ko TA T 2BWTICHERO UL A IBREIIC B LB A RERFES
BTEk,

(17) BADOSBET FS5 v FEh a4 708

YRR i, BN HB (BEK - Bt 2w

—X7% TASEP iZ BT, ROBUAORRITHAOREZ EX 2 7HR I TERB T b
e, PTE—R~FETFNVKBIBF L 7OEBICOWTERE LI,

{138) BEEFKAIEELEROVERSBRICOVWTOYIaL—-va v

WE B (EREK - T
%%ﬁﬁutﬁﬁﬁﬁﬁmﬁwfﬁz%,%EE&3?$ﬁ£ﬁ$ﬁﬁ%?éﬁ%ﬁ?@f@ﬂ%ﬁ%
(19) SASBIKBIATER T 2L—Ya

M RE EEK T

AR L, BHFUNOFERTRAEERICTONS (X FRHOBRTHY, BEFLERLTVWS. 7
I, EF—22L LIc@BAREETEL, BT I al—2arvBGFS5Tkickb, st A
H—XLORPBLUHHORELZBET. EREFNLLLTE, CAEFALO—2THZ30VETF
LWERV, BREBEOL -S> TR, EREFIT2E055 VA IkE B2 &ickh, %
BRENDBEFERMES. VIal—YarOER, BRASOEREAORARENSEOREICKE
{EFLTWAT EALIA.

(20) BIHDY T—HEMIEIRES ?

RiE BB, @R B HEAK- 1), BEE & (E#kEs, BR%)

ARETIE, HHEOSOVEFLERBELEEFLEZRVTEBY O LogEic L 2REic
WTEE L. AT WS REOY O —BHE I QARG OEETHED, CO—EEic
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.

11588 (k)

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®

B 2 LT 4 A~ (NLS) ARROBYIAREIIRRT, HEEROEFRITH S Kolmogorov
OESRRICHICE D &, BRESAFBRANMBCRS. COABRRICHES BEERIT, NLS 5iE
DV AR TEET 2N, BREBFHEOFET, NLS FRELEBCTHB IO BNBENIN
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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,

O 13:30~14:30 HERDSONZ—VERRET7IU—~O VR LUE R (ERERE)

IngE 3¢ (RERX - 1)

TrIVN—-DEBRLESHSERINZ YR, BOTEELISZEWE L, FOEBEHAIT
BT EIZBLAERTREL VTV, —AT, HRPAr—NLERE LTELDERAER LI LT,
HEEOIZ—VERBES LD\ ERT L L ATBETHRIEESHH D, #NE T T TIRAEERD
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
TS,

(O 15:15~15:45 Rk ILRy 21 L BEHBRAR

AR E— (EFEX - BaMEERt ), Lx #F (kBA-T), BXAE BF (kEL -8
GERARE 2

RENRy I DOHIEFEREEZEXS. R VER 023, PrRARY LY, BEEEOETEL
CFTET, FEANCTEOBE.2TS. RAAR v YOBIEITRORIIONVT, BESGEIEEE
BRERERE RN 2 al—avETS. AR 709 ¢ ERICEEEEO—-BARNYE
EL, ZO-RAPALELT LT LT, ERICHEEFRETS, Rk 78E (FEETOES
W)k, MEEEREOERE, start-and-stop HORBLEE, BHAEERLOBEELERTS. XSIKR R
Wy ZiEE L BEEEICET 2RSS EEET S,

(0 15:45~-16:15 BN KdV B0y 2L FERICDWNT

R (FUERA-HT) , AR B (BEEFER) . HE £8L GERA - 08
, BBE IFE (FU¥EREL-BT)

KdV ABIORy o)L 2 FEBICOWTRAESTEOATCREMICN VY RV BERERTES (8
RELELAR] M TVWE. AFBETE, FTHEKIVAERROy 2Ly FERFERESDER
AERRLUE BRADELAREFAVWTEREN VY FVEREB2T-0ICE, SRR ERCRRESS
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

FEHRTHE, CAZAVWTHULVOSAODETY AT LAPEEL, NAN— OV AFLEEL NS
DHEDWTERLE, RADBITVATFLIIBY A RELMERL LT IFATEER) B8IFoNE.
chud, NAETOEZORLBOOBYEOEFTELIBETHD, NAOETYAFLBRICK
EFLEbLH-TL 2. FUTCHSEDEFILTIR, FTNAEEREBTLOAFLENAELRREL I
Hail-and-Ride > AF AL DHIEETHZ LT, NABEREBIIEHICODWTERLE. X6lc, &
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
ol
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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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HrtEs TR BEORAETFHIZET 5 153

MERKE
RERFEFRFRLFRAER & & &

1. #FEBRY

ISR TFERRRTCIE, R LKEOIERTEE, KELTEEOHEEREBESBHLLTHEEZIT>
TEY, ESIEHEDEAVOVDWA H AETERENZTIKELREOHETHENIENEET
0D, TOMBEIN AT Fa—F2KiT 2L, KA, B, ERMITOIFREZILND, FE,
BUEH A OBE ORI R L7 7o —F BRBMICRBLTVS, BICEFOMEH T
KFELEEMELZERL CARELVEREZ ST TV, LUK L BT3RS Cra e
IBT7a—FB EFNERGERZNTENMSNTEY, HEROFR TIIHEBEHTIC LT, ZLORER
BoN TS, RBETIIZINGD2 507 e—Fiomt L TRENIZIThI, ZO5BF0RELBROLD
WX O3EBRMLCRB T A2E08E T T 5,

FMRBRIT, BRI CEREITI B ELRB AL B oM E L KRB EMN B A Moy
THFEHRENED, TyM—ARERROP TCEFTOFERELITY, SROFRIZL TS RELED
e HMNET S, BT, BRIEOHRRED Review, HEITPOMEDER TR LBLT, 5%
ORFEHEROF HRLMHRE 2L L TRERNHEETT,

ISR SRR ORRREELFE I N, M LKEDIERERIME, KL GO EERA*EBE
SEELTHIREZIT>TERY, BHEILRBWTEH, IFEES GRS 29D AR TORESE TR TW
Foo TR BBRANISIZMOISHIZEZ A —T LT, BREREZLIT 13, 14 EFIUSH SRR
(<) B R BRE N F BT DE BT 1% 15, 16 EEIC B EORE A2 BT B4R |,
17 FERDKELFEOHETHICET AR 1228 LA, ZhOOMRES CliT— < 2 BRI IZR
S>T—EOERE R, B, MEEOHRES TIL, AL 3 L0BMERDY, ERAENRVERE-
&L TEL, £, () A AMRMBELF S XHOBERE T, MEESENEEERIZKITD, AL
FTOERIERRZIEI - Thbols, AEELIOIIREBEZZEILIIRBEE LI L BHEL THEESY
BRMEL -,

2. PAEAR, By
MERM: FRR18FE10H27H (&) 13:00~18:00
10A28H0 (&) 9:00~12:30
BREIZPT « UM KFIE A )RR ern BE A 6 fi%
EEHAE IS (606 8=E)

3. IRESONE
IOMRESTRIRENIDITITTILRTIDOF—v5aT7F—dl, BMFILLIDHRFRERD
Review, RIEEEL TWAHEBEAORT, FIFHRERREOREZEL Iz,
o B RBFEFNEEHEY O S R E (R RIZE DN - 8 R RN, B2 G EOME T )
& LA S SRR EOT RS (R EdEOER - R EOERE)
® ZROKEERMEOK, EX, BEHEOBETE)

28, EROH AR THRAL QWP BROBMRIZLZEFHLNBIITT THo/0, AL —EE

{LDOBMRD oIz, £IT, BFEEILS I EHENTEARLOBMLIEFUENTIALLEIL, HLVWBME, ik
FEPNIBMELZEY, EEOREELVLRELE, UT IO EKMCTbN - BROBEL T T,
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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)
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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
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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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Modeling of a vortex ring flow at high Reynolds number
EHER (REAXIBSHETPRA)
ELA /A ZEEAMICBT5ELKBMERY
@+ ¥ (L KIS H )
HERBRFEIIBIT 5RO RES TR
EEITR O(% AR T)
FUFARRABE:E L TOT XX B HOHE XY
PR E, BAE L (RXEMRT), M Uhlmann, A. Pinelli (CIEMAT)
Bl A P VXEERFRY 7 FELROKFEE
it BEZ (BKREIL)
BARICETIEARHBRORA S — ) »F Lo T
Ak 3 (RKH)
HE o' 00 REME

4 HEBRRE, B

REAE
B (% 48 B
BEK

ShnH

20068 11 H23F (K) -11A25A8 (1)
AMAFEGANEREFRLENHRTRE (W60l 82)
23 14

37 A

0890








